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Abstract

A number of studies have examined the extent to which stated preference (SP) choice modelling data
diverge from comparable revealed preference (RP) data. A growing body of research in the transport
and marketing literatures suggests that systematic biases are not the norm, once differences in variance
are accounted for. However, the extent to which such findings apply in the non-market environmental
valuation context remains to be established. This question is addressed in this research report by
arguing that some of the key systematic biases held to arise in the non-market environmental valuation
context, such as social desirability, compliance and symbolic biases, can also be expected to arise in
relation to green products such as environmentally friendly detergents and toilet paper.  Consequently,
RP data regarding green product choice are compared with corresponding SP data obtained from a
choice modelling survey. The degree to which SP estimates of environmental values and market share
diverge from those based on RP data is examined.

Two alternative SP treatments are also employed, differing only in whether an environmental, 'green
product survey', prompt is included on the front cover of the Choice Modelling questionnaire. The
effect of the green prompt provides an indication of the extent to which some of the above biases are
likely to affect stated preference responses. Whilst limited evidence of the existence of 'pro-green'
biases was found, the overall accuracy of the SP results was less impressive. A combined RP-SP model
provided far better estimates than the SP estimates alone.
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1. Introduction

Numerous studies have examined the extent that stated preference (SP) data may diverge from that of
‘comparable’ revealed preference (RP) data.  Whilst the majority of these studies appear to have
involved marketing or transport applications, recreation and environmental applications are becoming
increasingly common.  Examples of the former include Ben-Akiva and Morikawa (1990), Hensher and
Bradley (1993), Swait, Louviere and Williams (1994)1, and examples of the latter include Adamowicz
et al (1994, 1996), Champ, Bishop, Brown and McCollum (1997), Cummings, Harrison and Rutstrom
(1995), Duffield and Patterson (1991), Loomis, Brown, Lucero and Peterson (1996), Navrud (1992),
Polasky, Gainutdinova and Kerkvliet (1996) and Seip and Strand (1992).

Validation studies involving environmental SP applications have been limited by the absence of real
market data with which to compare results.  Those that have been conducted have tended to employ
one of three main research strategies.  The first involves the use of laboratory or classroom
experiments.  Subjects are typically asked in a controlled environment how much they are prepared to
pay to obtain specified public goods and then, subsequently, asked to pay.  An example of this
approach is Bennett (1987).  The second approach involves the validation of stated voluntary donations
against actual donations to a real-life environmental fund (eg. Champ et al, 1997), and the third
approach involves validation of stated voting intention against actual voting behaviour (eg. Polasky,
Gainutdinova and Kerkvliet, 1996).  Whilst the first and second approaches tend to focus on the
prediction of willingness to pay, the latter is concerned with the prediction of market share.

A different approach to the environmental valuation validation problem is adopted in this research
report.  By observing that consumers often express ‘non-use’ environmental values through their
shopping behaviour in real product markets, we endeavour to validate what they say they will buy
against what they actually buy in a product category with a socially desirable environmental dimension.
The relative ease of conducting validation exercises with respect to existing market products is
exploited here to examine the susceptibility of SP choice models to biases pertaining to social
desirability considerations and yea-saying which are expected to be operative across both market and
non-market contexts.  The context for this validation exercise is green product choice in supermarkets,
and specifically, the purchase of toilet paper at a major Canberra supermarket.

The objective is to compare the results of two SP choice models with RP data obtained in the form of
supermarket scanner data for the same shopping location and purchase period.  The two choice models
are identical with the exception that one involved a priming condition intended to increase the salience
of socially desirable, green product, considerations.

The two SP treatments are compared in terms of marginal rates of substitution for the environmental
attribute, overall taste parameter vectors and predicted market share.  SP choice models and associated
market share estimates are then compared with corresponding RP models and actual and estimated
shares.

The research report is structured as follows.  A review of factors likely to underlie RP-SP divergences
is presented in the next section, focussing on the social desirability and yea-saying explanations. An
outline of the methods used to test the hypotheses is then provided.  The application to green product
choice is described in Section 4, followed by the results in Section 5.  Some conclusions are drawn in
the final section.

2. Factors Underlying RP-SP Divergences

A number of factors may give rise to divergences in SP and RP estimates of market share and/or
marginal rates of substitution.  An awareness of these factors is important when designing any RP-SP
comparison.

                                                          
1 Louviere and Swait (1996) review a number of such studies.
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One explanation for divergences is the occurrence of social desirability bias (SDB), whereby
respondents have a tendency to present themselves in a favourable position with respect to social norms
(Edwards, 1957, Nunnaly, 1978, Sudman and Bradburn, 1974, Jo, Nelsen and Kiecker, 1997).  In the
context of SP surveys with an environmental component, the social norms are likely to relate to
perceived expectations of the interviewer, sponsor, friends, family and/or society as whole.  To the
extent that respondents perceive that a ‘green’ response is socially desirable, they may implicitly or
explicitly overstate the importance of green attributes and/or brand or policy labels when formulating
their responses. In other words, SDB involves the tendency to give answers that make one self look
good (Paulhus, 1991).  SDB is a particular concern in research utilising self-report questions, where the
object of the questions has a significant desirability component.  In such cases, SDB may pose a threat
to construct validity.

Only one study of SDB in this area was found when reviewing the literature for this research report.
Connelly and Brown (1994) tested for SDB in reported contributions to a wildlife income tax check-off
program.  Respondents were asked in a mail survey if they were aware of the program, if they had
contributed, and whether they intended to contribute in the future.  Responses regarding stated
contributions were then validated against official tax records.  After allowing for recall errors, the
estimated percentage of non-contributors who stated they had contributed was no less than 5.8%.
Because this was almost twice the actual contribution rate, Connelly and Brown (1994) conclude that
this result “poses a major validity problem in any analysis of self-reported contributors based on survey
results” (p84).

Closely related to SDB is the occurrence of yea-saying.  Yea-saying is defined as the tendency to agree
with questions regardless of content (Cronbach 1946, 1950; Couch and Keniston 1960; Ardt and Crane
1975; Moum, 1988).  In the context of in-person contingent valuation (CVM) interviews, Mitchell and
Carson (1989, 240-241) define it as “the tendency of some respondents to agree with an interviewer’s
request regardless of their true views”.  In this sense, yea-saying is essentially a form of social
desirability bias.  However, Blamey, Bennett and Morrison (1999) argue that such a definition is
unnecessarily narrow and raises the question of whether yea-saying occurs at all in mail surveys.  They
suggest that yea-saying (and nea-saying) be defined as the tendency to subordinate outcome-based or
‘true’ economic preferences in favour of expressive motivations when responding to CVM questions.
These expressive motivations may be either socially motivated, as in the case considered by Mitchell
and Carson (1989) where social pressure or desirability considerations motivate respondents to yea-say,
or internally motivated, where respondents simply seek to express their attitudes and/or held values.

Whilst SDB and yea-saying may explain a significant percentage of RP-SP divergences in the
environmental context, a number of other factors may be operative, thereby preventing a ‘clean’ test of
these specific motivations.  Another explanation is strategic bias in the SP data.  This occurs when
respondents give responses that differ from their true preferences in an attempt to influence provision
of the good or policy.  Variety-seeking behaviour may result in a bias of this type if respondents state
that they would choose options perceived to involve new product developments in an attempt to
increase the variety of products available, even though they may not purchase them in reality (Carson,
pers. comm.).  In a sense, this represents a form of option value, which would disappear if the product
was actually introduced (see also Carson, Groves and Machina, 1997).

A further, related, factor contributing to divergences in RP and SP estimates of market share and value
may be the occurrence of habitual behaviour and inertia effects.  People have habits and may not notice
that a new product exists or that it is better in some sense until some perceptual threshold is exceeded
(Ben-Akiva and Morikawa 1990).  Those that do notice, may not be willing to pay the transaction costs
associated with brand-switching.  Blamey (1994) observed that whilst behavioural commitments are
easy to make in questionnaires, in reality, changing established behaviour patterns in order to make an
environmental contribution can involve significant transaction costs2.

                                                          
2 For instance, respondents in a CVM survey involving a voluntary donations payment vehicle may
have little idea of how the payments would be collected.  Would they be collected via a door knock
appeal, in which case they may not have the cash on them, or would credit card payment be acceptable?
Perhaps they may have to return a cheque to the address mentioned in a newspaper advertisement, in
which case they may simply forget about it.  Alternatively, they may need to get in the car and drive to
the local shopfront of a conservation organisation.  This can involve time, fuel and parking costs.
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A fourth explanation for SP-RP divergences is a difference in knowledge and awareness.  Carson et al
(1994) observed that “[g]ermane to [the] issue of comparing revealed and stated choice data is the need
to understand and predict differences in awareness and knowledge among consumers and to find ways
to incorporate such differences directly in choice models…”.3

A further reason for divergences in RP and SP estimates is the existence of measurement error
associated with the inclusion of objective attribute definitions and levels in SP questionnaires rather
than those perceived by respondents.  Although, such effects may not result in systematic biases, the
possibility exists.

A sixth factor is the occurrence of justification bias in SP surveys.  This involves a desire to rationalise
choices actually made by the respondent (Morikawa, 1994, p164).  One might expect this bias to be
particularly prevalent when both RP and SP data are collected in the same questionnaire.

A seventh reason is differences in RP and SP task demands.  Whilst consumers in real markets are
typically required to make only one choice in a product class during a single shopping experience, SP
exercises can require up to 16 such choices.  Respondents may thus use different heuristics in an SP
survey than in the real market.  Other possible task differences relate to the number of attributes, levels
and so on.

Finally, divergences in SP and RP estimates may occur due to poorly specified SP and/or RP choice
models.  Some possible reasons for this are outlined in subsequent sections.

It appears that a range of factors can explain differences in RP and SP estimates of market share and/or
value. The above list is not claimed to be exhaustive.  The factors operating in a given RP-SP
comparison will depend on the context of the application and the extent to which researchers endeavour
to address the factors at the research design stage.  It will also depend on the SP technique chosen and
the method of implementation.  In the present study, the technique used is choice modelling.

3. Basis for the Comparisons

Two SP treatments are employed in this study.  The first (SP1) employed the social desirability prompt
whilst the second (SP2) was unprompted.  These two treatments were compared both with each other
and the RP data.  In Table 1, the basis of the comparisons is shown.  Consider each of the three criteria
in turn.

3.1 Implicit Prices
The occurrence of social desirability, yea-saying and related biases in the SP treatments might be
expected to result in higher implicit prices for green attributes in the SP treatments compared with the
RP.  To the extent that the green priming condition shifts respondents’ choices in favour of products
that have environmentally friendly paper, these implicit prices might also be expected to differ between
SP treatments.

Implicit prices for a given attribute are calculated as the marginal rate of substitution (MRS) between
the price attribute and the attribute in question.  The method outlined by Poe, Severance-Lossin and
Welsh (1994) and Poe, Welsh and Champ (1997) is used to test for differences in implicit prices across
SP treatments.  The Krinsky and Robb (1986) procedure is first used to simulate the distribution of the
MRS measures.  For each version of the questionnaire, multiple parameter vectors are drawn randomly
from a multivariate normal distribution with the mean and variance-covariance matrix of the sample
logistic distribution.  Each of these vectors is used to calculate the implicit prices of interest.  Following
Poe et al (1994), the simulated MRS’s are then paired across the two treatments and differences taken.
Finally, a one-sided approximate significance level is estimated by calculating the proportion of the
differences with the hypothesised sign.  Because the scale factors cancel when dividing coefficients,
estimates of MRS are essentially independent of differences in error variances.

                                                          
3 This point cannot be emphasised enough.  It is unreasonable to expect convergence in RP and SP
estimates without endeavouring to control for differences in the marketing context, and most notably
the four ‘P’s’ of the marketing mix (Blamey, 1998).
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Table 1: Summary of Comparisons

Comparison Criteria
Data Sets Compared Implicit Prices Attribute

Parameters
Market Share
Estimates

RP vs SP1

and

RP vs SP2

Not possible, due to
confounding of green
product Alternative
Specific Constants (ASC)
and green attribute
variables.

Swait-Louviere test
applied to aggregate
data RP and SP
models.

Compare true share
with shares predicted
from:
• RP model
• SP models
• Sequential SP-RP

model.
SP1 vs SP2 Poe et al test for

differences in implicit
prices derived from
model employing
individual level  data.

Swait-Louviere test
applied taste
parameter vectors in
individual level
model.

Compare share
estimates from
individual level SP
models.

Whilst the same procedures can in principle be used to compare implicit prices between SP models,
and across RP and SP models, colinearities between ASC’s and attributes in the RP data can confound
the latter.  In the present study, the green attributes were confounded with the green ASC’s in the RP
data, preventing a valid comparison of RP and SP implicit prices for the green attribute.  Hence the
implicit price criteria was used only to compare the SP models.

3.2 Attribute Parameter Vectors
Differences in attribute taste parameters across data sets implies different choice processes.  Any
consideration of differences in the β vectors across two data sets first requires differences in the scale
parameter to be taken into account.  A likelihood ratio test is used to test for such differences.
Following Swait and Louviere (1993), the LR test statistic is:

LR = -2[LogLλ1|2
  – (LogLX1 + LogLX2)]

where LogLλ1|2 is the log-likelihood obtained from the stacked [λ1|2X1] and [X2] data sets4, and LogLX1

and LogLX2 are the log-likelihoods corresponding to separate estimations on the original data sets X1
and X2.  This test statistic is asymptotically chi-square distributed with [Z-1] degrees of freedom,
where Z is the number of common parameters across the two treatments, the additional degree of
freedom arising because λ1|2 is being allowed to vary under the alternative hypothesis5.  The estimated
relative scale factor can only be interpreted as a measure of the heterogeneity of the error variances
across the two treatments if the hypothesis of equal taste vectors is rejected (Swait and Louviere, 1993).

It is important when applying the Swait-Louviere test that the utility functions be specified as
completely as possible.  Failure to do so can result in erroneous conclusions.  Consequently, the SP
treatments are compared using the individual level data, which incorporates selected respondent
attitudes within the model.  Because, RP data was only available at the aggregate level in the present
study, comparisons with the RP model necessarily involve simpler specifications.  The implications of
any colinearities between the ASC’s and attributes in the RP case also need to be considered when
applying this test.

                                                          
4 Data set X1 is multiplied by a parameter λ1|2 to allow for differences in the scale of the X1 data
relative to that of X2.
5 If the hypothesis of equal taste vectors cannot be rejected, we proceed to test for equivalence in the
scale parameters across the two datasets, as follows: LR = -2[LogLX1,2   -LogLλ1|2

  ], where LogLX1,2  is
simply the log likelihood  for the same model specification as previously, estimated over the stacked
dataset without rescaling.  This test statistic is asymptotically chi-square distributed, with a single
degree of freedom (Swait and Louviere, 1993).
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3.3 Market Share
If the market share estimated for the green products in either of the SP treatments is not statistically
different from the true market share for these products, the SP results can be presumed valid from a
predictive market share perspective.

Estimates of market share are based on predicted probabilities, which are calculated on the basis of a
set of values for the explanatory variables.  This means that market share estimates are based on both
the taste parameters and the ASCs.  This contrasts with the above two tests, which focus on taste
parameters only.  Several authors have suggested that the ASCs may incorporate the effect of biases
pertaining to strategic responses, inertia effects, errors in measurement, differences in opportunity and
so on (Ben-Akiva and Morikawa, 1990, Swait, Louviere and Williams, 1994)6.

Whilst the RP data are likely to better represent current market behaviour than the SP, the SP data are
characterised by a well-conditioned design matrix and a less constrained decision context (Swait,
Louviere and Williams, 1994).  Consequently, Swait, Louviere and Williams (1994) propose a
sequential approach to market share prediction in which the parameters for the attribute variables in the
RP model are fixed at the values estimated in the SP model.  The RP data are simultaneously rescaled
to correct for differences in the way the RP and SP data are perceived by consumers and measured for
the purpose of analysis.

In the present study, the true market share for each brand of toilet paper, calculated using scanner
volume data, is compared with the market share estimated from the two individual data SP models, and
the sequential SP-RP model.  The SP models are also compared with each other.  Whilst a Poe et al test
is used to test for differences between share estimates from the two SP treatments, and the SP estimates
and the true shares, the sequential nature of the Swait et al (1994) method does not readily lend itself to
the use of this test.  Conclusions regarding the sequential share estimates are hence qualitative in
nature.

With individual-level data, the estimated probability of the ith respondent choosing the hth option from
a policy-relevant choice set is calculated by substituting the appropriate attribute levels and
socioeconomics into the estimated utility functions in (iv).  Ideally, market share ms(h) is estimated by
summing predicted choice probabilities across respondents, as follows:

ms(h)=

P

P

ih

i N

ij

i Nj C

=

=∈

∑

∑∑












1

1

,

,

*100 (v)

An approximation to equation (v) is obtained by estimating market share as the choice probability for
the average respondent.  This approach is adopted in this research report as it presents less
complications in hypothesis testing.

Because the RP and sequential SP-RP models involve the use of aggregate data, market shares are
estimated simply as the choice probabilities for the brands in question.

4. Application to Green Product Choice

4.1 Introduction
Whilst a good deal of early academic research focussed on the identification of demographic,
attitudinal and personality correlates of the ecologically conscious consumer, only a limited body of
research has considered the demand for green product attributes7.  Much of that work has been
undertaken has been conducted by market research companies.  For example, two-thirds of respondents

                                                          
6 Overall then, predictive validity with respect to market share may be a stronger test than predictive
validity with respect to implicit prices and taste vectors.

7 Examples of the former include Anderson and Cunningham, 1972, Kinnear, Taylor and Ahmed, 1974,
Arbuthnot, 1977).
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to a survey conducted for Advertising Age indicated they would switch to a brand of toothpaste in a
recyclable tube, with half of these indicating that they would do so regardless of price (Chase, 1991).
Results of another survey indicated that 84% of respondents were interested in buying food in
environmentally safe packaging and that 78% indicated a willingness to pay a little more for such
packaging (Jay, 1990).

However, such research may have been susceptible to the type of biases outlined in section 2.  Bennett
(1992, p4) observes that “consumer’s claims that they were willing to pay more for green products
have not been matched by their actions”.  Several studies have hinted at problems arising from the use
of self-report measures (Schepker et al, 1991, Kangan et al, 1991).  Pickett et al (1993) acknowledge
the possibility of ‘inaccurate reporting’.   Schwepker et al (1991) suggest that researchers need to take
care to design questions in a way that clearly delineates the attitudinal from the behavioural.

A growing body of research indicates that while consumers may say they are willing to purchase green
products, they will only do so only within certain constraints.  In particular, they may have threshold
price, quality and/or convenience differences beyond which they are no longer willing to purchase
green products.  Several studies have now shown that consumers are only willing to pay a small
percentage extra to obtain products that are ‘green’8.

Overall, it appears that studies directed at estimating the demand for green products are susceptible to
some similar biases to those directed at estimating the demand for non-market environmental goods.  In
particular, biases pertaining to social desirability and yea-saying can be expected to be operative across
both contexts.  Green product choice is, therefore, a suitable context in which to explore the robustness
of choice modelling studies to such influences.

4.2 Case Study

After reviewing the different classes of supermarket products with an environmental dimension, a
decision was made to focus on toilet paper.  Toilet paper was chosen in preference to detergent because
an examination of detergent products revealed that the vast majority of products employ a 'green'
attribute: biodegradability.  Although some detergents go to further lengths to minimise environmental
impacts than simple ‘biodegradable’ claims, it was felt that toilet paper had a less complicated
environmental dimension.  Specifically, most toilet papers can be classified as either using standard
bleached paper or recycled and unbleached paper.  A number of products currently sold present
variations on this theme.

To simplify sampling requirements and to ensure maximum comparability of RP and SP populations, it
was decided to focus the whole study on one large supermarket, in an area where there are no other
supermarkets of a similar size in close geographic proximity.  The supermarket chosen was located in
Canberra.  The supermarket management agreed to provide scanner data and promotion and price data
for the period during which the questionnaire was in the field.  Basing both the RP and SP data sets on
the same supermarket minimises differences in the two data sets pertaining to knowledge and
availability.

One characteristic of toilet paper is that virtually everyone uses it.  Hence, the question individuals face
is ‘which one or more of these products would I buy?’  This means that very few people would be
expected to choose a ‘none of these’ constant alternative.  This has the advantage of minimising any
biases associated with different populations of toilet paper buyers.
An inventory of toilet paper products on offer at the supermarket indicated a total of 11 brands and 49
different stock keeping units (SKU’s).

                                                          
8 Miller (1990), for example, found that consumers are willing to pay up to 5% more for a product in an
environmentally friendly package.  Thomas (1989) reports the results of a study in which half of those
interviewed would pay at least 10% more for ozone-friendly aerosols and for products in recycled
packaging.  According to a study conducted by the Roper Organisation in the US, Americans are only
willing to pay a 6.6% price increase for eight green products (anonymous, 1991).  Finally, Simmons
(1995) found that few green consumers were willing to consider reducing their overall consumption
levels, and that overall, they remained highly price and convenience conscious.
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4.3. Questionnaire Design and Research Strategy

The questionnaire design phase involved participant observation and two rounds of focus groups.  The
first set of two focus groups had the dual objective of identifying key decision parameters in the first
half and seeking initial feedback on a draft questionnaire in the second half.  A third focus group was
run approximately two weeks later with the sole objective of piloting a revised draft questionnaire.

The first two focus groups began with open-ended questions.  Participants were asked to write down
the toilet paper products they normally purchase and why they purchase those products rather than
others.  The facilitator then asked each successive participant what they had written down.  A laddering
style of questioning was employed in order to ascertain why they had focussed on certain brands and
attributes.  Such information not only helps with the design of the experiment, in terms of the selection
of brands and attributes, but also provides important information regarding why different features are
important to different individuals.  In turn, this provides information regarding the appropriate
questions to be developed for the purposes of modelling heterogeneity in tastes.  The item pool arising
from the laddering approach was condensed into a 17 item set of agree-disagree questions.  Each
question creates a potential independent variable in the SP discrete choice model.

Focus group participants were not told that the survey was about green products when being recruited.
The questionnaire presented in the second half of the groups did not involve the green product priming
condition.

Based on the focus group discussions, the most important attributes of toilet paper appeared to be
softness, price, strength, number of rolls, environmental impact and whether or not the paper was
scented.  Two segments were most apparent within the focus groups.  One segment of individuals
appeared primarily concerned with maximizing softness and strength given some notion of a price
constraint and household requirements in terms of preferred number of rolls.  Ply and number of sheets
appeared to operate as indicators of strength (and overall quality).  Most individuals appeared to have
one, two or three brands in their consideration set.  The presence or absence of a special on price
appeared to play an important role in choosing from the late consideration set.  This is in contrast with
whether the paper was scented, which appeared to play an important role in defining the early
consideration set, but little role at the late consideration stage.  Many individuals ruled out scented
toilet paper at an early stage, only considering unscented papers at successive stages.

Focus group discussions also indicated significant occurrence of habit and inertia.  The green segment
tended to be quite highly involved whilst at the same time exhibiting a high degree of brand loyalty.
Some individuals in the green segment appeared to adopt a non-compensatory decision strategy with
respect to the environmental attribute.

Unfortunately, it was not possible to include all brands and attributes within the choice sets9.  Several
simplifying assumptions were made to reduce the size of the problem to a manageable level.  First, the
attributes of three brands with the lowest market share were fixed in each choice set at their true market
values.  Second, the softness attribute was fixed for all alternatives at the level currently claimed by the
manufacturer.  The softness of the products was thus deliberately confounded with the brand image and
hence the ASCs.  This helped maintain a degree of plausibility with respect to brand-benefit
associations, as well as eliminating one attribute from the design.

Eight attributes were included within the final design.  With the exception of the two variable green
alternatives, a generic set of attribute levels was employed.  Alternative specific attribute levels were
employed for the environmental attribute to maintain plausibility and avoid unnecessary adverse
reactions to 'green' brands that had been assigned 'non-green' levels of the environmental attributes.
Table 2 lists the eight attributes and their levels.  The levels to be assigned to these attributes were
chosen such that the resultant attribute-space would encompass the vast majority of the market at the
supermarket10.  All brands available at the store were represented in the choice sets (see Table 3).  This
enabled market share to be estimated.  The qualitative variables shown in Table 2 were effect-coded so

                                                          
9 Finding an experimental design large enough to handle such an experiment would prove difficult, and
the resultant task complexity may compromise the quality of the data arising.
10 Exceptions include a 3ply product recently introduced by Kleenex and a double roll product also
introduced by Kleenex.
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that the base category could be isolated rather than incorporated into the intercept term.  The coefficient
for the base level is calculated as the negative of the sum of the parameter values for the other levels.

In focus grouping the draft questionnaires, particular attention was given to the clarity of information
provided, and whether individuals interpreted the information and questions in the way intended by the
researchers.  Ways in which the questionnaire could be shortened to reduce cognitive burden and
confusion were also explored.  Several important issues were identified.  One of these involved a form
of belief perseverance in which participants were reluctant to let go of the brand-benefit associations
they had ‘learned’ from the market.  Research in economic psychology has shown that once individuals
have formed strong hypotheses, they are often inattentive to information that contradicts these
hypotheses (Rabin, 1998).  Thus, once respondents have formed a belief, say that the brand ‘Sorbent’
only uses soft and strong toilet paper, they may either ignore or discount contradictory information
presented in choice sets in a CM questionnaire.

Several participants in the first two focus groups always chose the brands they currently purchase, even
though they had completely different attributes in some of the choice sets.  Further questioning
revealed that although some of these participants appeared to be scanning the attributes they perceived
to be important, a few individuals completely ignored the attributes.  A question that therefore had to
be addressed was whether such behaviour might compromise the predictive validity of the experiment.
On the one hand, such behaviour may be problematic since individuals are not addressing the CM task
in the manner requested.  In the market, there are reasons (eg. attributes) why individuals have a high
degree of brand loyalty for certain brands.  Some individuals may not consider these reasons when
answering CM questions.  On the other hand, brand loyalty may be quite robust to significant product
changes in the market place.  If in the market, respondents would remain loyal to the same brands even
when the attributes of these and other brands have changed, then replicating this behaviour in the SP
context is indeed desirable.  However, it is unclear that if the new products were actually introduced,
the pre-existing brand loyalty would soon be corrupted and individuals would reconsider their
purchases.

A second key issue that had to be identified was whether to include a ‘none of these’ constant
alternative within the choice sets.  It was noted above that the vast majority of ACT residents use toilet
paper.  Whilst exclusion of a ‘none’ alternative may introduce a small bias in market share estimates,
this cost may be less than the biases potentially arising from how people perceive and use this
alternative if included.  The focus groups indicated a tendency of participants to tick the ‘none’
alternative if they did not really like any of the alternatives in a given choice set.  Further questioning
indicated that participants ticking the ‘none’ alternative were inclined to think ‘I’d buy more next time’,
or ‘I’d shop at another store’.  It is likely that such responses may also threaten the validity of the
experiment, since such holding strategies are only short term.  The goal here is to predict long term
purchasing patterns, not temporary strategies for dealing with shock product changes.  Given that the
scenario had attempted to put people in the position of shopping for toilet paper, it was concluded that
even strengthening the scenario may not prevent such behaviour11.  As a result, it was decided to drop
the none alternative altogether.

The final choice scenario read as follows:

Each of the next eight questions shows a hypothetical set of toilet paper products.  In each
question, you are asked to imagine you are on a typical shopping trip for toilet paper, and that the
products shown are the only ones available.  You will be asked to indicate which one or more of
the products you would actually purchase on that trip.

There are 11 toilet paper products shown in each question.  The features of each product are listed
below the brand name.  These features are:

• Price and special on price • Softness, as claimed by manufacturer

                                                          
11 These strategies had occurred in a draft questionnaire in which respondents were asked to assume
that the products shown were the only one’s available, and that this was the only opportunity to
purchase.
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• Number of rolls in a pack • Colour and prints/patterns

• Number of ply • Type of paper (standard, recycled etc)

• Number of sheets • Whether the paper is scented.

Although the brands are real, the products shown mostly have different features from those you
currently see at the supermarket.  Some of the features of the products change from one
question to the next.  Changing the features in this way allows us to work out how you may
respond to changes in existing products.

When answering questions 5-12, treat each question as if you are on a typical shopping trip with
toilet paper on your shopping list.  Assume that from now on, the products shown will be the only
ones available at the supermarkets in Canberra.

To test formally the effect of including a ‘green product’ social desirability prompt, a split sample
approach was used. One random sample of individuals received a questionnaire containing the title
‘Consumer Shopping Survey’.  Among other things, the covering letter stated that ‘By completing this
survey, you will assist our understanding of what people do when they go shopping’.  The second
random sample instead received a questionnaire containing the title ‘Consumer shopping survey: Green
Products’.  The covering letter stated that ‘By completing this survey, you will assist our understanding
of what people do when they go shopping, and how they go about choosing among products that claim
to have different implications for the natural environment’.

Table 2: Attributes, Levels and Corresponding Variables

Attribute Variable in model Levels

Price Price (in $) 16 levels ranging from $0.81- - $9.89

Special on price Special 1=yes (+15% on price)
-1=no (-15% on price)

Number of Rolls in Pack Rolls 2, 4, 6 or 10 rolls

Ply and sheets Ply250  1= 2 ply and 250 sheets
-1=1 ply and 500 sheets

Colour/Patterns on Paper White 1=white; -1=prints;
0 if coloured or printed

Owhite 1=off-white; -1=prints;
0 if coloured or printed

Coloured 1=coloured; -1=prints;
0 if coloured or printed

Type of paper Stand 1=standard; -1=recycled but not unbleached; 0 if
unbleached but not recycled or both recycled and
unbleached

Ubleach 1=unbleached but not recycled; -1=recycled but not
unbleached; 0 if standard or both recycled and
unbleached

Both 1=both recycled and unbleached; -1=recycled but not
unbleached, 0 if unbleached but not recycled, or
standard

Scented or Unscented Scent 1=scented; -1=unscented

To ensure that the attributes varied independently of one another, such that their individual effects on
respondents’ preferences could be isolated, a near orthogonal experimental design was used to assign
attribute levels to options.  A fractional factorial design was used to reduce the number of alternatives
to a manageable level. Choice sets were constructed in such a way that a high degree of orthogonality
both between and within alternatives was ensured. In order to reduce implausible attribute
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combinations, two orthogonal attributes in the design were used to create two correlated attributes in
the experiment. One hundred and twenty-eight choice sets were allocated  to 16 blocks of eight choice
sets in each of the two versions, producing a total of 32 versions of the questionnaire. A combination of
an orthogonal blocking variable and random assignment were used to assign each choice set to one of
16 blocks.

The final questionnaires were presented in the form of an A4 booklet with a light blue cover containing
the covering letter, and light yellow internal pages.  Brand names were represented in the choice sets as
digital images.  These images showed the existing brand name as it appears on existing products.
Where necessary, the area surrounding the brand names was digitally modified to remove attribute
information.

Table 3: Brands Included within Choice Sets

Brand Fixed Attributes or Variable?

1.  Bouquets Variable
2.  Delsey Fixed
3.  Home Brand Variable
4.  Kleenex Variable
5.  Naturale Variable
6.  Purex Variable
7.  Safe Variable
8.  Tenderly Fixed
9.  Sorbent Variable
10. Wondersoft Variable
11. Symphony Fixed

4.4. Sampling Strategy

Two main sampling strategies were considered.  The first would have involved a systematic random
sample of residents living in suburbs most likely to shop at the supermarket in question.  Whilst this
strategy permits extensive follow-ups with a view to maximising response rates, the population upon
which the sampling is based can only be considered a rough approximation of the true shopping
catchment.  Some individuals recruited at the supermarket for the focus groups lived some distance
away, tending to shop on the way home from work.  Some means of adjusting for differences in store
patronage and purchasing patterns regarding toilet paper would thus also be required.  Ideally,
individuals would be sampled in proportion to the number of times they purchase toilet paper at the
supermarket.

The second sampling strategy, and the one employed in this study, involved random sampling of
individuals as they leave the store, stratified by hour and time of day.  Unfortunately, scan data
regarding sales by time of day and day were not available.  However, subjective estimates of traffic by
time and day were obtained from the store manager, along with an overall indication of when toilet
paper sales tend to occur.  From this information, an interviewer schedule was set up, specifying among
other things, the number of questionnaires to be handed out in a given period.

This sampling strategy has some weaknesses.  However, independently observing traffic patterns for a
two week period was outside the project budget.  Interviewers alternated the questionnaires they
handed out.  Thus, having handed out version 1 to the first individual, version 2 would be handed to the
next, version 3 to the next and so on.

A total of 2200 questionnaires were handed out over a two-week period.  Respondents were requested
to provide their phone number so that they could be followed-up if necessary.  Respondents were told
that both their phone number and responses would be treated confidentially, and not handed over to any
other parties.  They were told that the research was not being conducted for profit, and was not
sponsored by one or more companies.
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The results reported here are based on the information provided by 904 respondents, corresponding to a
response rate of approximately 41%.

5. Results

5.1 Comparison of SP Treatments

The socioeconomic and attitudinal variables that were included in the individual-level SP models in an
attempt to model heterogeneity in preferences are set out in Table 4.  Not all variables in Table 4 were
entered into every utility function.  The final column of Table 4 indicates the utility functions each
variable entered.  The notation ‘1.’ and ‘2.’ in Table 4 indicates that separate coefficients on 'Cheap'
were estimated for two different pairs of brands.  Initial specifications were driven by a priori
expectations regarding the brands for which the various attitudinal and demographic variables might be
expected to influence choice.

Table 5 presents the two discrete choice models that were estimated for the SP data.  Preliminary
investigations indicated that a common MNL specification across the two treatments provided an
acceptable fit12.  For most brands, the ASCs are approximately similar between the two models.  The
vast majority of attributes are highly significant, the exceptions being selected levels of the qualitative,
paper type and colour, attributes.  For most attributes, the two models yield very similar parameter
estimates.  As one would expect, cheaper products and price specials are preferred when other
attributes are held constant.  Respondents in both treatments had a general preference for more toilet
rolls per pack, and two ply paper with 250 sheets.  The focus groups indicated that ply and sheets were
highly correlated with perceived paper strength.

Both sets of results in Table 5 indicate a significant increase in the utility provided by toilet paper that
is both recycled and unbleached among those who are committed to green product choice.  The
interaction of ‘Green’ with the ASCs for the three green brand-names, Safe, Naturale and Delsey,
indicates an increase in the unobserved utility component of approximately 1.65 units for each of these
brands.  This has an equivalent effect on utility to a price reduction of $3.27.  The magnitude of the
coefficient for Both is also five times higher for these respondents.

Table 4: Socioeconomic and Attitudinal Variables
Variable Description Utility Functions Entered

Green 1 if agree that “I would only buy toilet paper that is made from
recycled or unbleached paper”; 0 otherwise.

Delsey, Naturale, Safe

Irritate 1 if agree that “Scented toilet paper irritates my eyes or nose”. Symphony

Cheap 1 if agree that “There is nothing wrong with cheap toilet
paper”.

1. Delsey, Homebrand
2. Kleenex, Sorbent

Decor 1 if agree that “I like to match toilet paper to the décor of my
bathroom”; 0 otherwise.

Delsey, Homebrand, Naturale,
Safe

Clean 1 if agree that “I like to my toilet paper to have a clean, pure
look”; 0 otherwise.

Homebrand, Naturale, Safe

AGE Respondent age in years. Delsey, Home

Table 5: SP Results on Individual Data

Green Priming
Condition

Base Condition

                                                          
12 Several nested logit and heteroscedastic extreme value models were run in an attempt to relax the
assumption of independence of irrelevant alternatives.  However, neither of these approaches suggested
that a departure from MNL was appropriate.
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Coeff. Std.Err. P-value Coeff. Std.Err. P-value
ASC_BOUQUET -0.383 0.122 0.002 -0.823 0.125 0.000
ASC_DELSEY -2.164 0.331 0.000 -1.682 0.306 0.000
ASC_HOMEBR -2.475 0.283 0.000 -1.348 0.257 0.000
ASC_KLEEN 0.926 0.110 0.000 0.743 0.110 0.000
ASC_NATURE -0.540 0.149 0.000 -0.864 0.151 0.000
ASC_PUREX -0.074 0.116 0.527 -0.497 0.119 0.000
ASC_SAFE -0.341 0.145 0.018 -0.567 0.147 0.000
ASC_TENDERLY -0.435 0.130 0.001 -0.694 0.125 0.000
ASC_SORBENT 0.764 0.112 0.000 0.682 0.110 0.000
ASC_WONDERS -0.011 0.115 0.925 -0.357 0.116 0.002
PRICE -0.504 0.022 0.000 -0.418 0.022 0.000
SPECIAL 0.140 0.024 0.000 0.179 0.024 0.000
ROLL 0.303 0.013 0.000 0.240 0.014 0.000
PLY250 0.229 0.024 0.000 0.290 0.024 0.000
WHITE 0.054 0.038 0.159 0.136 0.038 0.000
OWHITE -0.061 0.039 0.114 -0.046 0.039 0.239
COLOURED 0.112 0.038 0.004 0.045 0.039 0.253
STAND -0.056 0.048 0.251 -0.070 0.049 0.150
UBLEACH -0.227 0.096 0.019 -0.100 0.094 0.290
BOTH 0.120 0.047 0.011 0.094 0.048 0.050
SCENT -0.098 0.023 0.000 -0.166 0.024 0.000

BOTH*GREEN 0.616 0.075 0.000 0.546 0.072 0.000
IRRITATE -0.770 0.292 0.008 -0.594 0.225 0.008
CHEAP1 1.099 0.144 0.000 0.886 0.135 0.000
CHEAP2 -0.460 0.085 0.000 -0.675 0.087 0.000
GREEN 1.669 0.106 0.000 1.631 0.104 0.000
DECOR -0.782 0.126 0.000 -0.762 0.130 0.000
AGE 0.034 0.005 0.000 0.014 0.005 0.004
CLEAN -0.493 0.104 0.000 -0.643 0.101 0.000

% correct predict 18.1 17.5
Choice set obs 3192 3143
LogL (final) -6368.056 -6331.862
Adjusted rho2 16.7 15.9

5.1.1 Implicit Prices

The importance of different paper types is now compared across the two SP treatments.  The basis for
the comparison is the implicit price of specified changes in the ‘paper type’ attribute.  The qualitative
nature of this attribute requires that specific changes in paper type be specified in order to calculate
marginal rates of substitution with the price attribute, and hence implicit prices.  Furthermore, the
interaction of green attitudes and the attribute variable ‘Both’ in the regression implies that implicit
prices depend on the level of the variable ‘Green’.

The implicit prices associated with obtaining each of the three environmentally friendly types of paper
considered in the experiment, rather than standard paper are presented in Table 6.  These results are
calculated for the average value of Green.

The average respondent is willing to pay no more for paper that is unbleached, but not recycled, than
standard paper.  However, paper that is recycled is valued more highly than standard paper, particularly
when it is also unbleached.  In fact, the average respondent is prepared to pay between 60 and 70 cents
extra to obtain paper that is both recycled and unbleached, other factors held constant.  Those
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respondents having a preference for environmentally friendly toilet paper appear to value paper that is
both recycled and unbleached.  Indeed, recomputing the estimates in the last row of Table 6 for
Green=1 increases the implicit price to $1.57 in the priming condition and $1.69 in the base condition.
By contrast, the respective prices for Green=0 respondents are $0.36 and $0.39.

However, the results in Table 6 indicate that the implicit prices of environmentally friendly toilet paper
are not significantly higher under the green prime condition, using a Poe et al test.  This suggests that
the differences in cognitive processes reported in the previous section are driven by an increased
importance of the green attribute listed in the choice sets.  One possibility is that the main effect of the
prime has been to focus respondent attention more on perceived environmentally friendly brand
names13.

Finally, it is noted that the implicit prices reported in Table 6 require careful interpretation.  Whilst
these prices indicate willingness to pay for environmentally friendly toilet paper, it is assumed that all
other attributes, and brand, are held constant.  In reality, some respondents with positive implicit prices
for environmentally friendly paper may actually choose products with standard paper, because only
these products satisfy their preferences for other attributes or qualities.  Nonetheless, implicit prices
give an indication of how much people would be willing to pay to obtain a product that is
environmentally friendly, but equivalent in all other respects, to an existing product that is made of
standard paper.

Table 6: Implicit Price Comparison

Implicit PriceChange in Paper Type
Green Priming Base

Is difference significant
at 5 or 10%?

standard→
unbleached only

$-0.36 $-0.04 No

standard→
recycled only

$0.18 $0.09 No

standard→both
unbleached and recycled

$0.61 $0.66 No

                                                          
13 Results not shown indicate that several of the ASCs are statistically different between treatments.
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Figure 1: Plot of SP Parameter Vectors

5.1.2 Parameter Vectors

Differences in parameter vectors across the two individual-level SP data sets after allowing for
differences in scale are now tested.  The attribute parameter vectors corresponding to the two
treatments are plotted in Figure 1.  An examination of the figure suggests moderate proportionality
between the two taste vectors, with no one or more parameters differing dramatically across treatments.

The Swait-Louviere grid search technique mentioned earlier was applied to the stacked data sets, with
attribute data for the base SP data set being multiplied by different values of λ.  All parameters
pertaining to terms involving the ASCs were free to vary across treatments.  The maximum log-
likelihood of –12729.34 corresponded to λ  =0.91.  The test statistic for the likelihood ratio test
described above is thus LR=-2[-12712.70-(-6368.056+-6331.862)] = 25.6.  The critical value of the
chi-square distribution is 18.3 at the 95% significance level and on 10 degrees of freedom.  We thus
reject the hypothesis of equal attribute parameter vectors, concluding that scale differences do not
account for all of the differences in the two SP data sets.  It thus appears that the social desirability
prompt has resulted in qualitatively different cognitive processes, although the result is only marginally
significant at the 95% level.

5.1.3 Market Share

Each SP model presented in Table 5 was used to predict the market share of each of the 48 different
toilet paper products on offer at the supermarket.  These market shares were estimated as the choice
probabilities for the average respondent.  Differences in market share across SP treatments were tested
using the Poe et al test described earlier.  Market shares for aggregate data SP models were also
estimated.

The market share estimates, aggregated here into the 11 brands available at the supermarket are
presented in Table 7.
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Table 7: SP Market Share Estimates

SP Base Condition SP Priming Condition
Individual Aggregate Individual Aggregate

Sorbent* 37.1% 35.1% 31.0%# 29.8%
Homebrand 4.5%# 5.1% 3.7% # 4.4%
Delsey 0.6%# 0.7% 0.6% # 0.9%
Safe 8.0%# 10.0% 9.0% 10.8%
Purex* 6.1% 5.5% 7.9% # 7.0%
Kleenex* 20.5%# 20.1% 18.4% # 18.1%
Wondersoft* 7.2%# 6.8% 8.7% # 8.0%
Naturale* 5.1%# 6.7% 9.4% # 10.1%
Bouquet* 1.6%# 1.5% 2.1% # 2.0%
Tenderley 4.8%# 4.4% 5.0% # 4.7%
Symphony 4.5%# 4.0% 4.3%# 4.0%

Total Green
Products*

13.6%# 17.5% 19.0% 21.8%

Note: Brands for which share estimates from the two individual-level SP models differ significantly at
the 95 per cent confidence level are indicated with a ‘*’ in the first column.  Brands for which
estimated share differs significantly from the true share (Table 11) according to a one-sided Poe et al
test (95%) are indicated with a ‘#’ in the relevant SP column.

An examination of predicted market shares for the three green product brands, Safe, Naturale and
Delsey indicates that whilst the share for Delsey is constant across treatments, the shares for the other
two are slightly higher under the green priming condition.  However, the difference is only significant
using a Poe et al test in the case of Naturale.  The final row in the table indicates market share for the
green product category as a whole, calculated as the sum of the shares for the above three brands.
Predicted share is significantly higher under the green priming condition.

These results suggest that the green priming condition has resulted in significantly higher estimates of
market share for the green product category as a whole, and the Naturale brand in particular.  Whilst
Safe is a more popular brand, the Naturale brand name may have stronger environmental associations
among those respondents with lower product and category familiarity.

5.2 Comparison of SP and RP Estimates

The RP choice model estimated on aggregate scan data, along with comparable SP model, are
presented in Table 8.  Note that no ASC’s are estimated in the RP model for the Delsey and Naturale
brands.  Perfect colinearities between these ASC’s and the effect-coded green attribute variables
rendered these ASC’s redundant.  Including both the ASC’s and the attribute variables consequently
resulted in a Hessian singularity problem.  Although analysis indicated that the two ASC’s could be
omitted from the model without loss of overall fit, this had the effect of confounding both the attribute
and ASC utility component.  Hence the RP parameter estimates for Stand, Ubleach and Both in Table 8
cannot be compared with the SP results for these same variables.

5.2.1 Implicit Prices

A comparison of implicit prices for environmentally friendly paper across RP and SP data sets was not
possible due to colinearities between the green brand ASC’s and the effect-coded variables associated
with the paper type attribute.  Hence, the SP and RP models are now compared in terms of market
share predictions.

5.2.2 Parameter Vectors

An examination of the results presented in Table 8 reveals considerable divergence in the ASC’s, and
to a lesser extent the taste parameters, between the RP model and the SP models.  For example, the
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ASC for Homebrand is +0.7 in the RP data set and –0.7 in the SP base data set.  A substantial
difference is the mean unobserved utility component thus exists across data sources for some brands.
In terms of taste parameters, price appears to have a similar coefficient across data sources, but most
parameters differ by at least 50%, and in most cases 200% across sources.  Whilst for some variables
such as Special and Scent the RP parameters exceed the SP parameters in magnitude, in others, such as
Roll and Ply250, the reverse applies.  This suggests that differences in scale parameters across RP and
SP models are unlikely to account for the different results obtained.

Two pooled RP-SP models were estimated in order to provide a formal test of the hypotheses of equal
parameter vectors between each SP model and the RP model.  Results for the optimally scaled joint
models are presented in Table 9.  As observed by Adamowicz et al (1997), joint models of this kind
can be sensitive to the way in which RP observations are weighted relative to SP observations.  For
example, while each SP respondent contributes eight choices to the SP data set, the number of choices
made by each supermarket shopper during the 10 week period is highly uncertain, although probably
less than eight.  Assigning equal weighting to each choice across both the SP and RP data sets would
likely result in each SP respondent receiving greater weight than each RP shopper.

Another way of looking at the weighting issue is to consider the weight that each data set receives
during model estimation.  The RP scanner data is based on 136,712 product purchases, compared with
the SP data sets which pertains to 3248 choices in the base condition and 3297 in the priming
condition.  The RP data set thus contains approximately 42 times the number of choices as each SP
data set.  Simply pooling the RP data set with one of the SP data sets will thus result in the RP data
dominating during model estimation.  One way of avoiding this dominance is to assign lower relative
weight to each observation is the RP data set during model estimation.  Preliminary analysis indicated
that results for the joint model were sensitive to the weight assigned to each of the data sets.  For the
purposes of this research report, each choice in the RP data set was assigned a weight of 1/42 relative to
each SP choice.  This means that the RP data set has been given equal weight in model estimation to
the SP data set.

Applying the Swait-Louviere likelihood ratio test to the results presented in Tables 8 and 9 produces
test statistics of 77.6 and 164.4 respectively for the base and primed SP treatments.  The critical value
of the chi-square distribution is 18.3 at the 95% significance level and on 10 degrees of freedom.  For
both SP treatments, we thus reject the hypothesis of equal attribute parameter vectors across RP and SP
data sets, concluding that scale differences do not account for all of the differences in the two data
sources.  It thus appears that the choice model has generated significantly different taste parameters to
those implicit in actual choice behaviour.

5.2.3 Market Share

True market shares were calculated using the scanner data provided by the supermarket.  These can be
compared with the shares estimated from the separate SP and RP choice models presented in Tables 5
and 8, and the sequential SP-RP choice model presented in Table 10.

The relevant market share estimates are shown in Tables 7 and 11.  A comparison of the true share data
in Table 11 with the shares estimated from the two SP models (Table 7) indicates mixed results.
Although the share for Naturale has been overestimated in both SP treatments, the shares for Safe and
Delsey have been underestimated.  The symbol ‘#’ shown in Table 7 indicates where significant
differences between predicted and actual share lie, according to one-sided Poe et al tests.  For example,
the estimated market share for Safe in the priming treatment is not significantly less than the true share.
However, the difference is significant in the base condition.  The share for Naturale is significantly
overestimated in both SP treatments, whilst the share for Delsey is significantly underestimated in both
cases.

For the green product category as a whole, share is significantly underpredicted in the base condition,
and does not differ significantly from the true share in the priming condition.  Factors unrelated to
desirability considerations may have reduced the choice probabilities of the green brands below their
‘true’ values in both SP treatments.  For example, Safe and Naturale are typically packaged in
distinctive recycled paper and plastic, which clearly triggers some consumers to purchase these
products.  However, in the CM questionnaire, where the nature of the packaging was not conveyed to
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respondents, this triggering may not have occurred to the same extent, and market share estimates may
have been reduced as a result.  The greater occurrence of social desirability biases in the priming
treatment may have offset this reduction such that resultant share estimates do not differ significantly to
the true shares.  Thus, whilst the results presented in Table 7 are consistent with the notion that social
desirability biases may have produced some degree of desirability bias with respect to green products,
the results are not unanimous and no firm conclusions can be drawn.

Whilst the SP share predictions for most products provide reasonable first order approximations of the
true shares, the share for Homebrand is substantially under-predicted in both treatments.  It may be that
this ‘generic’ brand is itself susceptible to desirability considerations: respondents may not want to be
seen to be buying this brand.

Now consider the performance of the RP choice model.  As might be expected, the RP model out-
predicts the SP models more often than not.  However, both SP models predict the share for the green
product sub-category better than the RP model.  Both SP market share predictions for Safe are also
closer to the true share than the RP model estimates.  Whilst the SP share estimates are sometimes
grossly over or underestimated, as in the case of Homebrand, the RP estimates generally deviate by less
than 50% of the magnitude of the true estimates.

An examination of the results in Tables 7 and 11 indicates that the sequential SP-RP model (Table 10)
is clearly superior to the SP only models.  Although the SP models provide marginally superior
predictions in a small number of cases, the sequential approach always predicts reasonably well,
suffering from none of the major errors of the SP models (for example, Homebrand).  These results
support Swait et al’s contention that the sequential approach has considerable practical value.

A comparison of the sequential predictions with the RP only model predictions reveals that the
sequential model predicts at least as well as the RP only model.  Indeed, the sequential approach
produces share predictions that are closer to the true values for the majority of brands.  This result is
obtained despite the relatively poor rho square for the sequential model.

Whilst it was possible to estimate an RP model in the present study, the model was limited by
confounding of effects due to colinearities.  Such problems are common when estimating RP models.
The sequential approach is particularly useful in such cases, since all parameters are estimable14.

Finally, it is important to note that the market share estimates considered in this research report
correspond to the set of products available at the study supermarket during one of the ten weeks for
which scanner data was obtained.  Ideally, the predictive performance of the different approaches
would be assessed for choice sets different to those represented in the RP data set.  This would provide
a stronger test of predictive validity.  Suppose, for example, that several months after the period for
which scanner data was collected in the present study, two new green products were introduced at the
study supermarket, and two others were removed.  Model forecasts could then be validated against scan
data corresponding to these new market conditions.

                                                          
14 The joint models shown in Table 9 could also be used to predict market share whilst avoiding many
of the problems associated with estimating RP-only models.
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Table 8: RP and SP Results on Frequency Data

RP SP: Base Condition SP: Green Priming
Condition

Coeff. Std.Err. Coeff. Std.Err. Coeff. Std.Err.
ASC_BOUQUET 0.352* 0.163 -0.656** 0.119 -0.294* 0.117
ASC_DELSEY -0.155 0.197 0.367 0.199
ASC_HOMEBR 0.709** 0.176 -0.702** 0.120 -0.784** 0.128
ASC_KLEEN 0.813** 0.169 0.669** 0.101 0.882** 0.103
ASC_KLEEN
(3PLY)

-0.275 0.215

ASC-KLEEN
(UNSCENTED)

-0.608* 0.246

ASC_NATURE -0.592** 0.128 -0.313* 0.128
ASC_PUREX -0.114 0.163 -0.373** 0.114 0.011 0.112
ASC_SAFE 0.542** 0.150 -0.302* 0.122 -0.123 0.124
ASC_TENDERLY -0.882** 0.171 -0.508** 0.120 -0.303* 0.126
ASC_SORBENT 0.859** 0.162 0.576** 0.102 0.707** 0.104
ASC_SORBENT
(HYPOALLERG.)

-0.088 0.227

ASC_SORBENT
(SILK)

-0.934** 0.226

ASC_WONDERS -0.355* 0.167 -0.204 0.111 0.090 0.111
PRICE -0.360** 0.053 -0.397** 0.021 -0.482** 0.021
SPECIAL 0.457** 0.022 0.176** 0.023 0.133** 0.023
ROLL 0.154** 0.025 0.229** 0.013 0.290** 0.013
PLY250 0.165** 0.052 0.274** 0.023 0.217** 0.023
WHITE 0.240** 0.055 0.109** 0.036 0.041 0.037
OWHITE 0.011 0.081 -0.052 0.038 -0.071 0.037
COLOURED -0.119** 0.046 0.052 0.038 0.116** 0.037
STAND -0.171 0.136 -0.066 0.047 -0.056 0.047
UBLEACH 1.087** 0.149 -0.117 0.089 -0.252** 0.091
BOTH -0.128 0.118 0.233** 0.041 0.265** 0.042
SCENT -0.310** 0.039 -0.154** 0.023 -0.088** 0.022

% correct pred
(J=no. alterns)

3.5 (J=49) 14.8 (J=11) 15.6 (J=11)

LogL (final) -11758.68 -6945.651 -6976.020
Adjusted rho2 4.9% 9.3% 10.3%

NB: ‘*’ indicates that parameter is statistically significant at the 5% level and ‘**’
indicates significance at the 1% level.
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Table 9: Joint RP-SP Models

RP+
SP Base
Condition

RP+
Green Priming
Condition

Coeff. Std.Err. P-value Coeff. Std.Err. P-value
RP_BOUQUET 0.471 0.161 0.003 0.532 0.161 0.001
SP_BOUQUET -0.802 0.108 0.000 -0.508 0.107 0.000
RP_DELSEY 1.860 0.281 0.000 2.167 0.284 0.000
SP_DELSEY -0.558 0.181 0.002 -0.167 0.182 0.360
RP_HOMEBR 0.772 0.152 0.000 0.796 0.152 0.000
SP_HOMEBR -0.850 0.109 0.000 -1.003 0.118 0.000
RP_KLEEN 1.111 0.150 0.000 1.317 0.149 0.000
SP_KLEEN 0.523 0.088 0.000 0.669 0.091 0.000
RP_KL_3PLY 0.155 0.192 0.420 0.419 0.191 0.028
RP_KL_UNSCENT -0.313 0.233 0.180 -0.090 0.233 0.700
RP_NATURE -0.838 0.201 0.000 -0.974 0.201 0.000
SP_NATURE -0.754 0.117 0.000 -0.540 0.117 0.000
RP_PUREX -0.135 0.158 0.390 -0.065 0.157 0.681
SP_PUREX -0.521 0.102 0.000 -0.197 0.101 0.052
RP_SAFE -0.029 0.180 0.872 -0.013 0.179 0.940
SP_SAFE -0.461 0.111 0.000 -0.346 0.113 0.002
RP_TENDERLY -0.860 0.165 0.000 -0.762 0.165 0.000
SP_TENDERLY -0.628 0.100 0.000 -0.611 0.106 0.000
RP_SORBENT 1.145 0.144 0.000 1.330 0.144 0.000
SP_SORBENT 0.426 0.089 0.000 0.494 0.092 0.000
RP_SO_HYPO 0.231 0.211 0.274 0.462 0.211 0.028
RP_SO_SILK -0.618 0.213 0.004 -0.392 0.212 0.065
RP_WONDERS -0.320 0.159 0.044 -0.218 0.159 0.169
SP_WONDERS -0.351 0.099 0.000 -0.122 0.100 0.220

PRICE -0.532 0.028 0.000 -0.605 0.028 0.000
SPECIAL 0.399 0.019 0.000 0.375 0.019 0.000
ROLL 0.262 0.015 0.000 0.305 0.015 0.000
PLY250 0.359 0.030 0.000 0.300 0.029 0.000
OWHITE 0.016 0.046 0.728 -0.014 0.045 0.750
WHITE 0.189 0.035 0.000 0.165 0.035 0.000
COLOURED -0.049 0.036 0.170 -0.005 0.035 0.886
SCENT -0.306 0.026 0.000 -0.268 0.026 0.000
STAND -0.107 0.076 0.160 -0.086 0.076 0.261
UBLEACH -0.166 0.145 0.254 -0.393 0.149 0.009
BOTH 0.436 0.062 0.000 0.518 0.063 0.000

Rel. Scale Param 0.61 0.61
LogL (final) -18743.11 -18816.90
Adjusted rho2 24.5% 24.8%
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Table 10: Sequential SP-RP Estimation

RP on Base SP Condition RP on Green SP Condition
Coeff. Std Err Coeff. Std.Err.

ASC_BOUQUET 0.703** 0.158 0.593** 0.158
ASC_DELSEY 2.668** 0.155 2.466** 0.146
ASC_HOMEBR 1.078** 0.133 0.961** 0.134
ASC_KLEEN 1.756** 0.133 1.422** 0.133
ASC_KL_3PLY 1.091** 0.174 0.611** 0.169
ASC-KL_UNSCENT 0.447* 0.221 0.002 0.221
ASC_NATURE -1.083** 0.164 -1.155** 0.188
ASC_PUREX 0.098 0.150 -0.166 0.157
ASC_SAFE 0.230 0.139 0.044 0.143
ASC_TENDERLY -0.312* 0.156 -0.712** 0.167
ASC_SORBENT 1.664** 0.131 1.415** 0.131
ASC_SO_HYPO 0.953** 0.197 0.532** 0.193
ASC_SO_SILK 0.161 0.200 -0.275 0.197
ASC_WONDERS -0.016 0.149 -0.294 0.154

PRICE -0.627 fixed -0.397 fixed
SPECIAL 0.172 fixed 0.176 fixed
ROLL 0.377 fixed 0.229 fixed
PLY250 0.281 fixed 0.274 fixed
OWHITE -0.092 fixed -0.052 fixed
WHITE 0.054 fixed 0.109 fixed
COLOURED 0.151 fixed 0.052 fixed

SCENT -0.114 fixed -0.154 fixed
STAND -0.073 fixed -0.066 fixed
UBLEACH -0.328 fixed -0.117 fixed
BOTH 0.344 fixed 0.233 fixed

% correct pred. 3.0 3.1
Optimal Rescaling 1.56 1.3
LogL (final) -11983.48 11979.68
Adjusted rho2 % 3.7 3.0

NB: ‘*’ indicates that parameter is statistically significant at the 5% level and ‘**’
indicates significance at the 1% level.
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Table 11: RP Market Share Comparison

RP Data Sequential SP-RP
Raw Scanner RP Model Base SP Primed SP

Sorbent 37.4% 32.7% 35.2% 31.1%
Homebrand 18.4 % 15.4% 15.0% 16.8%
Delsey 4.1% 3.6% 5.7% 3.8%
Safe 9.9% 13.8% 7.8% 10.3%
Purex 5.4% 5.6% 3.8% 4.9%
Kleenex 10.5% 14.0% 19.8% 16.9%
Wondersoft 4.7% 3.3% 3.4% 4.2%
Naturale 3.1% 4.7% 2.1% 4.0%
Bouquet 2.8% 2.2% 2.9% 2.8%
Tenderley 2.2% 2.0% 2.0% 2.8%
Symphony 1.5% 2.6% 2.3% 2.5%

Total Green
Products

17.1% 22.1% 15.7% 18.1%

Note: Statistically significant differences in the true (raw) share for a given brand and that predicted
from the individual level SP models are indicated with a ‘#’ in the relevant SP column (95%
confidence level).

6.0 Conclusions

Concerns regarding the validity of value estimates derived in SP studies have given rise to numerous
studies designed to compare SP with RP data.  In this research report, a novel approach has been taken
to deriving such a comparison.  Choice Modelling data have been generated to predict market shares
for toilet paper products, some containing environmentally friendly brand names and/or attributes.  One
might expect SP surveys of these 'green' products to be susceptible to some of the same biases as non-
market environmental valuation surveys, such as yea-saying and social desirability bias (SDB).  The
difference is that results of SP studies of green product choice can be validated against observed market
data, whereas non-market results cannot.  In this study, the green product SP results were compared
with corresponding RP data provided by a supermarket in the form of scanner data.  To investigate
further the potential for discrepancies, two SP data sets were developed, one of which was sourced
from a questionnaire which included an environmental prompt and the other which did not.

Results of the two SP treatments indicated that the choice model corresponding to the SDB prompt is
the outcome of a different cognitive process to that of the unprompted model.  The market shares for
the green product toilet paper category as a whole were also higher under the SDB green prompting
condition, suggesting that the prompt was effective in triggering choices in favour of green products.
However, an examination of the implicit prices of different types of paper suggests that this effect is
not clearly reflected in the importance assigned to green levels of the environmental attribute.

Rather, the differences in market share appear to be associated with differences in the way respondents
generally went about their choices, particularly in relation to the brand names.  For example, the green
prompting condition appears to have resulted in greater unobserved utility for each of the
environmentally friendly brands.  Overall then, it appears that the SDB prompt has had an influence on
the way respondents formulate their responses, and that this effect has involved brand names more than
attributes.  These results are consistent with the claim that SP environmental valuation surveys are
susceptible to biases such as yea-saying and SDB.  However, the implications for a given
environmental valuation study will depend on whether the unobserved utility associated with the policy
options under consideration is to be included within the value estimates.  Whilst the unobserved utility
will to some extent be associated with the omission of attribute information from the choice set, it is
also likely to reflect biases such as yea-saying and SDB.  Whilst the former is considered valid from an
economic valuation perspective, the latter is not generally considered valid.  Refer to Blamey et al
(1999) for a related discussion.
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Perhaps the most important results pertain to the comparison of results for the revealed and stated
preference data.  The results of the Swait-Louviere test suggest that the cognitive processes employed
by respondents in the SP context are different to those employed by consumers in the real market.
Whether this is more a function of the context described in the SP questionnaire, the SP task, or the SP
and/or RP model specification is unclear.

In neither of the SP treatments did the predicted market share for the green product subcategory
significantly exceed the true share.  Although the green priming condition appears to have resulted in
some degree of social desirability bias, this bias only serves to bring the SP share estimates for the
green product sub-category closer to the true share.  This suggests that other factors may be causing a
downward bias in the share estimates, which is largely offset by the upward desirability bias in the
priming condition.

Whilst the share predicted for the 'green' product category as a whole are within 20 percent of the true
share, the share predictions for individual brands, green and non-green, are somewhat mixed.  Indeed,
the estimates for several brands can only be considered poor.  Delsey, for example, is predicted to have
a share of 0.6 per cent when in fact the true share is 4.1 percent. Similarly, the share for homebrand
products is predicted to be in the vicinity of 4 per cent when in fact it is closer to 20 per cent.  Such
results raise serious doubts about the ability of SP surveys to predict accurately true market data in the
absence of some means of calibration.  These concerns flow through to the non-market valuation
context where the accuracy of value estimates derived in SP CM studies must be questionned.

The research presented in this research report also highlights the problems that are often encountered
when relying solely on RP data.  Colinearities between the green attributes and brands meant that the
two effects could not be separated.  Such colinearities often require simplifying assumptions that
ultimately compromise overall model fit.  The limited variation of RP products relative to those that
can be presented in SP experiments also limits the ability of the RP model presented in this study to
predict the market share for products with attributes and/or values not currently existing.

Whilst the goodness of fit measures for the sequential SP-RP approach to market share prediction were
unimpressive, the approach predicted shares at least as well as the RP only approach, and far better
than either of the SP approaches.  When considered together with the less restrictive nature of the
sequential approach, it appears that this approach may have considerable practical value, as suggested
by Swait, Louviere and Williams (1994).
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