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Abstract

Consumers’ preferences for food safety characteristics are investigated with a particu-
lar focus on the existence of an embedding effect. Embedding exists if consumer
valuation of food safety is insensitive to scope. We conduct between-attribute external
tests for embedding in two choice experiments concerning the value of food safety
attributes in minced pork and chicken breasts. We find no evidence of embedding
neither when using food safety attributes that are not close substitutes and which
exhibit both private and public good characteristics, nor when using food safety attri-
butes that are closer substitutes and which have primarily private good characteristics.
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1. Introduction

Modern agriculture produces a great variety of animal food products which
provides us with clear evidence of consumer demand for specific product fea-
tures. The demand for food products is related to consumers’ perception of the
food quality. How consumers form their perceptions of food quality has been
subject to intensive investigations in the literature (Grunert, 2005). The total
food quality model was proposed as a common framework for describing
food quality perception (Grunert et al., 1996). This model acknowledges
that food products typically have different types of quality characteristics
which together form the total food quality. Search characteristics, e.g.
colour, shape and appearance, can be ascertained before purchase, whereas
experience characteristics, e.g. taste and tenderness, can be ascertained only
after purchase. Finally, credence characteristics, e.g. zoonotic bacteria,
GMOs, hormones, pesticides, animal welfare, etc., are not visible and
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cannot be ascertained even after purchase (Bernués er al., 2003; Grunert,
2005). In order to evaluate the quality, the consumer needs informational
cues. While intrinsic cues relate to readily available physical characteristics
of the food product, e.g. search or experience characteristics such as colour,
shape and taste, extrinsic cues relate to everything else, including credence
characteristics such as production information, origin and labelling which
are not necessarily available to the consumer (Bernués et al., 2003). Food
safety characteristics are typically credence goods. Hence, unless extrinsic
cues are provided, it is difficult for consumers to identify and accordingly
incorporate food safety quality characteristics into the total food quality
which affects their intention to buy. Even if extrinsic cues about food safety
are provided, they rely heavily on credibility and trust as it is not possible
for the consumer to validate such cues. Grunert (2005) notes that there is
thus a risk that credence quality characteristics will lose out to experience
quality characteristics which do not rely on credibility and trust. In addition,
as food products are associated with an increasing number of credence quality
characteristics (Grunert, 2005) such as food safety characteristics, the
relationship between a single food quality component and the total quality
of a given food product becomes more and more complex. Although labelling
of the end product can be used as a remedy to provide consumers with clearly
visible extrinsic food safety cues, this is far from always being used in practice
(Grunert, 1997).

Due to these difficulties, the market prices for products containing credence
characteristics such as food safety do not necessarily reflect the values that
consumers place on these characteristics. In such situations, stated preference
methods offer a way to elicit consumer preferences and estimate the monetary
value of these credence characteristics.

To our knowledge, most of the existing literature on stated preference
valuation of food safety has incorporated food safety by only including one
food safety characteristic in the valuation tasks (Latvala and Kola, 2003;
Alfnes, 2004; McCluskey et al., 2005). Two exceptions are found in Goldberg
and Roosen (2007) and Hayes et al. (1995), where the risks of several different
pathogens are included. Potential embedding problems will not be detected
when only one food safety characteristic is included in stated preference
tasks, as it will not be possible to identify whether the stated
willingness-to-pay (WTP) associated with this single characteristic reflects
the consumer value of the specific attribute, or food safety per se. If consumers
allocate a certain fixed amount of their disposable household income to food
safety in general, and they perceive a single food safety attribute as an indi-
cator of the general food safety of a product, they might allocate the entire
amount to that attribute. Thus, the valuation of one food safety characteristic
may lead to an overestimation of the given characteristics since respondents
might embed other food safety characteristics in the one characteristic
being evaluated.

In this paper, we investigate whether embedding is a prevalent feature of
consumer preferences for credence food safety characteristics. In particular,
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we conduct two different choice experiment (CE) surveys to assess whether
consumer preferences for a single food safety characteristic is affected by
the introduction of an additional food safety characteristic. Our hypothesis
is that there is an embedding effect present in consumer valuation of food
safety characteristics. In particular, we suspect that the introduction of an
additional food safety attribute will significantly reduce the estimated value
of any initially present food safety attribute. However, both our case studies
fail to support this hypothesis. The first case study focuses on food safety in
minced pork. Our results show that the value of an extrinsic cue in terms of
a ‘Salmonella-free’ label is not significantly affected by introducing another
extrinsic cue, namely ‘reduced use of antibiotics’. It could be argued that
these two attributes present quite different aspects of food safety, and,
hence, they might not be considered close substitutes. As such, it may not
be surprising that we find no evidence of embedding. However, we find
similar results in our second case study which concerns food safety in
chicken breast fillets. In this study, we focus on two closely related food
safety attributes that more likely could be perceived by consumers as
almost perfect substitutes, namely ‘Salmonella-free’ labelling and
‘Campylobacter-free’ labelling. Thus, the preconditions for identifying
embedding should be more than satisfied. Nevertheless, our findings again
reject the presence of embedding.

The article is organised as follows. First, we present the embedding issue
with a focus on the various approaches and definitions of the term in the existing
literature. Section 3 briefly describes the theory behind the CE method used in
the survey. In Section 4, the survey is described, followed by presentation
of the results in Section 5. Finally, we discuss and conclude in Section 6.

2. Embedding

In economic theory, consumers are often assumed to conform to rational and
utility-maximising behaviour. The basic axioms of such utility-maximising
behaviour include completeness, transitivity, continuity and non-satiation
(Gravelle and Rees, 1992). Hypothetical experiments such as CEs are often
used to elicit quantified estimates of consumer preferences in terms of WTP
estimates when market data are not available. Ideally, WTP estimates
should reflect the underlying preferences of the individual, but sometimes
empirical studies find that consumers’ behaviour is inconsistent with econ-
omic theory. In particular, a number of studies have shown that consumer pre-
ferences are often insensitive to scope in that they place the same value on a
small amount of a good as on large amounts (e.g. Selensminde, 2003; Ojea
and Loureiro, 2009). This behaviour is called the embedding effect (Kahne-
man and Knetsch, 1992) and is also referred to as nesting or part-whole
bias (Bennett and Blaney, 2003). The existence of embedding threatens the
validity of WTP estimates, as insensitivity to scope seems to contradict one
of the basic axioms of economic theory: the assumption of non-satiation.
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Embedding can be seen as an extreme type of diminishing marginal utility of a
good or characteristic where the marginal utility abruptly drops to zero.

Horowitz (1993) distinguished between embedding that occurs within as
opposed to between characteristics. The most well-known type of embedding
effect is found within a given characteristic, and this is related to the definition
that a respondent places the same value on a small amount of a good as on a
large amount of the good (Kahneman and Knetsch, 1992). In relation to food
safety, embedding would occur if a respondent places the same value on a
small as on a large risk reduction for a given food safety characteristic.

A pioneering example of embedding between characteristics is presented
by Horowitz (1993). He found that respondents stated roughly the same
WTP for ‘clean beaches in New Jersey’ as for ‘clean beaches in New
Jersey and clear views in Grand Canyon’. Hence, embedding between charac-
teristics can be interpreted as a situation where the consumer has preferences
for a compound good (such as a clean environment in general) which might
consist of any combination of clear views and clean beaches (where the indi-
vidual environmental attributes might be considered substitutes). In the case
of food safety, embedding between characteristics will be present if the
value of including an additional food safety attribute does not change the
overall value of food safety, i.e. it reduces the value of the already presented
food safety characteristics.

There are several explanations of why an embedding effect might occur.
The three most important are moral satisfaction, limited cognitive ability
and mental accounting. They will be described in turn below.

Kahneman and Knetsch (1992), Horowitz (1993) and Loomis ef al. (1993)
suggest that embedding effects can be explained by moral satisfaction, where
moral satisfaction is triggered through signalling a concern or an interest.
Since focus is on demonstrating a WTP for the compound good, little attention
is given to the actual magnitude of impact of a given intervention. This expla-
nation is consistent with embedding being a reflection of consumers not acting
according to the non-satiation axiom. Kahneman and Knetsch (1992) suggest
that moral satisfaction as an explanation of embedding is more applicable
when valuing non-market public goods, such as the environment or animal
welfare where emotions and perceptions are expected to be more prominent
than in the valuation of private goods.

Another explanation of the occurrence of embedding concerns limitations
in the respondents’ cognitive ability to understand and remember the scenario
description when answering the valuation questions. Olsen et al. (2004)
observe that respondents in some cases may, in an attempt to simplify the
valuation task, value the attribute per se regardless of how much of the attri-
bute that is offered. Limited cognitive ability in relation to food safety would
result in respondents valuing risk reduction per se rather than the actual size of
risk reduction or the number of individual food safety characteristics. The
underlying behavioural explanation is that because they do not understand
what the risk reduction actually means, they invoke some simplifying heuris-
tic decision rule. When caused by limited cognitive ability, embedding is
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clearly a methodological challenge when using stated preference methods.
However, Brookshire et al. (1982) suggest that in cases where private pur-
chase is conceivable, it is not so likely that embedding occurs due to the
use of simplifying heuristics because the respondents have experience in
determining their WTP through their daily shopping.

Thaler (1985) presents his theory of mental accounting as another expla-
nation of the embedding effect which also rests on consumers resorting to
some simplifying decision-making processes. Thaler (1985) argues that con-
sumers divide their income into sub-budgets for groups of goods. This division
is not based on optimal trade-offs between sub-groups but obtained using
heuristics. Within these sub-budgets, consumers optimise the mix of goods.
Hence, trade-offs are possible within but not between these sub-budgets.'
This implies that when the budget constraint in one of the sub-budgets is
binding, marginal utility of income will be infinite, and consequently,
marginal WTP for any additional good bought within the sub-budget will
equal zero. Such a preference structure will clearly result in a violation of
the non-satiation axiom.

Embedding effects have mainly been studied and identified in surveys
valuing non-market goods related to environmental issues (e.g. Selensminde,
2003). There are relatively few studies of the existence of embedding in the
context of market goods. These are mentioned below.

Hayes et al. (1995) examined consumers’ WTP for five different pathogens
through an experimental auction setting. Besides estimating WTP for the five
different pathogens separately, they tested for what they call ‘surrogate’
bidding. This is the case where the value elicited for acombination of pathogens
would not be significantly different from the values elicited for each individual
pathogen — hence similar to what we define as an embedding effect. The results
showed no differences between WTP estimates for the single pathogens and the
WTP derived for the combination of pathogens. This implies that the values
derived from the survey could be indicators of general food safety preferences,
and, hence, pointing towards the presence of an embedding effect.

Another study on consumers’ WTP for the reduction of pathogens in food
was carried out by Goldberg and Roosen (2007). This study included both a
contingent valuation study (CV) as well as a CE. The particular aim was
to measure consumers’ WTP to reduce the risk of Salmonella- and
Campylobacter-infection acquired from consumption of chicken breast. In
the CV, an average WTP for a reduction in the risk of Salmonella and Campy-
lobacter was found to be in the range of EUR 1.48-2.92. The WTP in the CE
was in the range of EUR —0.16to 6.68. A x-test of the parameters for the differ-
ent risk reduction levels was conducted to test for embedding (internal test). In
the CV, an embedding effect was observed when the two risks were valued
jointly. In the CE survey, the test showed that the WTP was not proportional

1 This is very similar to the nested structure of utility functions often assumed in econometric
studies of consumer behaviour, such as studies involving computable general equilibrium
models.
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in health risk reductions for small changes in risk, suggesting some kind of
oversensitivity towards small risk reductions. Thus, they reject diminishing
marginal utility of food safety, which is in contrast to the embedding found
in the CV study. Goldberg and Roosen (2007) suggest that the differences in
their results obtained using CV and CE indicate that presentation format and
the response mode could influence the choices consumers make.

In relation to this, Carlsson et al. (2007a) and Ryan and Wordsworth (2000)
suggest that CE reduces the problem of embedding when valuing attributes
rather than goods, because the valuation tasks in CE and the relations
between different attributes are more transparent than in traditional CV ex-
periments. This is further supported by Fischhoff ez al. (1993), who found a
reduced embedding effect when using paired comparison CV instead of open-
ended CV.

Overall, the literature points towards embedding being most likely in the
preferences for public goods that are not marketed — and when using CV
rather than CE. Food safety has private as well as public good characteristics,
and as safety characteristics are typically not visible (or made visible through
labelling), they might be considered non-marketed. However, consumers
might value such characteristics differently depending on the weight they
place on the public or private good characteristics. Goldberg and Roosen
(2007) define the two food risks Salmonella and Campylobacter as having
private good characteristics (private health benefits/costs). Hamilton et al.
(2003) investigate the issue of a good having both public and private good
characteristic, in the case of banning the use of pesticides. According to
Hamilton et al. (2003), the use of pesticides has not only the private good
characteristic of personal health, but also the public good characteristic of
environmental concern. They found that some individuals were not willing
to pay a premium for pesticide-free food, but nonetheless support a ban on
the use of pesticides. They explain this result by the fact that food quality regu-
lation jointly produces both private and public goods — individuals with pre-
ferences for environmental quality but with little concern for personal health
may well favour regulation of pesticides residues. As opposed to Goldberg
and Roosen (2007), in the present paper, we focus on food safety character-
istics that show both private and public good characteristics.

3. Method

The values of food safety in minced pork and chicken breast fillets are esti-
mated using the stated preference method — CE. This method is very suitable
in the present context as we are interested in preferences for specific charac-
teristics.” The theoretical framework underlying CE is based on Lancaster’s

2 In the present case, the characteristics that are investigated do not exist on the market today. In
particular, Campylobacter-free organic Danish chicken, guaranteed Salmonella-free minced
pork and pork that — guaranteed — has been produced with reduced use of anti-microbial agents
do not (yet) exist on the Danish market. Hence, a hypothetical CE is chosen as the preferred
valuation method.
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consumer theory (Lancaster, 1966) and random utility theory (Luce, 1959;
McFadden, 1974).

In the two CE case surveys, respondents were presented with choice sets
consisting of their current choice (status quo) of minced pork or chicken
breast fillets, as well as two experimentally designed alternatives. Analyses
of the data sets confirmed that the independence of irrelevant alternatives
(ITA)® criterion was violated in both data sets. Consequently, the models
used in this paper are the less restrictive mixed logit model specifications
which allow for correlation in the unobserved part of the utility — captured
in the random term. The model is also referred to as an error component
model (Train, 2003; Hess et al., 2010). Allowing Uy; to represent the utility
function,” describing the utility from alternative j in choice situation ¢ by
person i, the utility of the error component model with panel structure is
specified as:

Utij = ﬁ/Stij + & + M;gtija (1

where §;;; is a vector of observed variables related to alternative j, B is a vector
of coefficients and the {,; are normally distributed random effects of alterna-
tives j =1, 2, 3 with zero mean. The term w;{; are error components that
along with g,; define the unobserved part of the utility, but where the coeffi-
cients u; only vary over individuals but not over time (choice sets).

The error component model accounts for correlation across alternatives by
introducing error components which are either shared between alternatives
that are closer substitutes for each other or unique for the different alterna-
tives. The error components are normally distributed random variables with
zero mean and a standard deviation of o,,;, where the estimated standard devi-
ation is related either to the correlation between the alternatives or as the
covariance of the different alternatives. If alternatives 1 and 2 each contain
a common subset of the error component, a nested system for the three alterna-
tives is specified (Greene and Hensher, 2007), and the estimated coefficient of
the error component captures the correlation across the alternatives. In the
present CEs, we ex ante assume that the two experimentally designed alterna-
tives will represent closer substitutes than the current choice due to some
degree of inertia. Therefore, a nested structure of the error components is

apphed where O Alternative_1 — T Alternative_2 # O-Statusfquo-

3 A standard logit model requires independence between the ratios of probabilities of choosing
any two alternatives of the availability of other alternatives. This is also formulated as the
model exhibiting IIA (Holmes and Adamowicz 2003). The IIA was tested using a Hausman test
(Hausman, 1978).

4 Note that the utility function is linear. This gives rise to the assumption that marginal WTP is
independent of the quantity purchased. This assumption is discussed in detail by Corsi (2007).
In the present survey, respondents were asked to value their next purchase of the specific pro-
ducts. Thus, the WTP estimates are, strictly speaking, valid for this specific quantity only. We
thank a reviewer for bringing our attention towards this issue.
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4. The survey approach

The two CE surveys were conducted using an Internet panel. The samples
were obtained from Nielsen’s online database. In Denmark, there are approxi-
mately 2.4 million private households, of whom 87 per cent are online. The
panel members are all aged 15 years or above, and they all reside in a house-
hold with Internet access, but in the present surveys only respondents aged 18
or above were sampled. Furthermore, people who do not eat minced pork or
chicken breast fillet were screened away before entering the survey.

Prior to the design of the CEs, three focus group interviews were per-
formed.” In the focus groups, the following attributes were identified as
being important in relation to choice of minced pork: type of production,’
country of origin and fat content. With respect to chicken breast fillets, the fol-
lowing important attributes were identified: type of production, country of
origin and, to some extent, food safety (mainly Salmonella). Food safety
did not appear to be of great concern within the two products, but since the
purpose of the present study was to elicit the relative weighting of food
safety, we included two food safety attributes connected to the two products:
‘Salmonella-free’ and ‘reduced use of antibiotics’ for the pork product, and
‘Salmonella-free’ and ‘Campylobacter-free’ for the chicken product.
Inclusion of two food safety attributes for each product allows us to test for
embedding. The two specific food safety attributes for the two products
were chosen because of their relevance to each of the products and also
because they were judged as representing an increasingly important issue
from a scientific as well as a political perspective. Moreover, we chose to
conduct two surveys testing for an embedding effect. First, the minced pork
survey where the two food safety characteristics do not appear to be very
obvious substitutes in a narrow sense. Hence, we might expect that an embed-
ding effect is less likely between these two food safety attributes. Second, the
chicken breast fillet survey where Salmonella and Campylobacter are more
likely to be perceived as close substitutes for each other. Thus we would
expect an embedding effect to be more likely than in the first survey.

The characteristics and the associated levels are presented in Tables 1 and 2,
and the description of the two food safety characteristics is presented in
Appendix 1, Tables Al and A2 (available as supplementary data at ERAE
online).

The two food safety attributes, Salmonella-free and reduced use of anti-
biotics in the pork survey, are different in nature. Reduced Salmonella
content is largely a private good since it is associated with decreases in own

5 The focus groups were headed by the sociologist S. Korzen, Department of Human Nutrition,
University of Copenhagen, who works with qualitative studies on food perceptions.

6 Type of production (indoor versus outdoor production) may also affect food safety. In some
countries, vaccinations of animals from outdoor versus indoor production systems might be
an issue of concern. However, in Denmark, there is only a small tendency that pigs from pro-
duction systems with outdoor access are vaccinated more frequently than pigs from convention-
al indoor production systems (Johansen, 2010).
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Table 1. The characteristics and their levels in the CE for the minced pork survey (samples
A and B)

Characteristics Levels

Type of production Conventional (indoor), alternative (outdoor)
Country of origin Denmark, non-domestic

Fat content (per cent) 3-6, 7-10, 11-13, above 13
Salmonella-free® Not labelled Salmonella-free,

Salmonella-free
Reduced use of antibiotics (sample B only)® Existing rules, tightened rules
Price (DKK) 20, 26, 38, 51, 65, 80

Note: DKK 10 ~ EUR 1.34.
“See also Table Al in Appendix 1 (available as supplementary data at ERAE online) for further explanation.

Table 2. The characteristics and their levels in the CE for the chicken breast fillet survey
(samples C and D)

Characteristics Levels

Type of production Conventional (indoor), organic (outdoor)

Country of origin Denmark, non-domestic

Campylobacter-free® Not labelled Campylobacter-free, Campylobacter-free
Salmonella-free (sample D only)* Not labelled Salmonella-free, Salmonella-free

Price (DKK) 25, 28, 33, 40, 50, 65, 85, 115

Note: DKK 10 ~ EUR 1.34.
“See also Table A2 in Appendix 1 (available as supplementary data at ERAE online) for further explanation.

health risks. Also, the benefits are most commonly experienced around the
time of purchase. Finally, one has to keep in mind that consumers are able
to handle the risk effectively by exerting good kitchen hygiene. In contrast,
reduced use of antibiotics is more of a public good since reduced use of anti-
biotics is associated with a reduction in the prevalence of resistant bacteria
which is to the benefit of society as a whole (although it also has some
private good characteristic, such as reduced probability of allergic reactions
in human). Also, the benefits are experienced in the future, and not at the
time of consumption. Because of these differences in characteristics, our a
priori expectation of the value associated with tightening the rules on the
use of antibiotics is dual. Respondents might value it higher than Salmonella-
free due to the fact that one as a consumer can avoid Salmonella post-purchase
by exerting good kitchen hygiene — something which is not possible when
considering antibiotics. On the other hand, they might value it lower than
Salmonella-free since the benefits of the latter occur close to the time of pur-
chase, whereas the benefits of reduced antibiotics occur further out in the
future. In other words, discounting would reduce this value relatively more.
With respect to the two food safety attributes in the chicken survey,
Salmonella-free and Campylobacter-free labels are more alike. They both
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exhibit private good characteristics to a large extent, and both give rise to
more or less the same picture of illness. Since the objective risk of being
infected with Campylobacter is much higher than the risk of a Salmonella
infection, we expect a priori that consumers place a lower value on the
Salmonella-free label than on the Campylobacter-free label. On the other
hand, the perceived risk is likely to be highest for Salmonella, since this
food risk has received much more attention in the Danish media than Campy-
lobacter. Hence, we might expect a higher WTP for the Salmonella-free label.
Finally, considering that the post-purchase possibilities for risk removal in
terms of good kitchen hygiene are very similar for Salmonella and Campylo-
bacter, we expect to find no differences between WTP estimates for these two
labels.

In none of the surveys did we provide information regarding the links
between food safety and type of production. From a design point of view,
this was a deliberate choice because many of the attribute combinations in
the choice sets could then be perceived as unrealistic. A closer investigation
of knowledge documented in the literature showed ambiguous findings. First,
there is clear link between Campylobacter and how chicken are produced, as
the prevalence (and counts) of Campylobacter in organic chicken are signifi-
cantly higher than in conventionally produced chicken (Anonymous,
2007: 24). No significant differences in Salmonella prevalence in chicken for
different production systems can be documented due to lack of data (the pro-
duction of organic chicken is very small in Denmark). Recent findings indicate
that the prevalence of Salmonella in Danish pigs from outdoor production
systems is significantly lower than in pigs from conventional production
systems (Zheng et al., 2007; Wingstrand et al., 2009). Struve et al. (2009) docu-
mented differences between the use and occurrence of resistant bacteria in
organic versus conventional productions of slaughter pigs. It is notable that
most of these ‘objective’ differences in zoonotic risk based on production
system are very recent (apart from the increased risks of Campylobacter infec-
tions in chicken) and it is our strong impression (based on consulting the soci-
ologists involved in the associated research projects) that these links are not
common knowledge. Hence, we have treated the attributes as independent in
the design.

Each respondent in the pork product survey received six choice sets,
whereas respondents in the chicken product survey received eight choice
sets. In each choice set, the respondents were faced with two alternative
minced pork or chicken breasts fillet products, respectively, plus a third
status quo alternative (all packages of 500 g). The latter characterised the
respondents’ usual purchase, which was identified earlier in the questionnaire.
This approach, using the respondents ‘own’ status quo values, has been
recommended and used in other studies to mimic the actual purchasing situ-
ation as close as possible (Johnson et al., 1998; Kontoleon and Yabe,
2003). A D-optimal fractional factorial design was used (Carlsson and Mar-
tinsson, 2003). The pork product survey consisted of 12 choice sets (2
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blocks of 6 choice sets each), and the chicken product survey consisted of 8
choice sets (no blocking used).

The between-attributes embedding effect was tested externally using a
split-sample design. Respondents in the pork product survey were randomly
assigned to choice sets which, besides the ‘Salmonella-free’ attribute,
were constructed either without the ‘reduced use of antibiotics’ attribute
(sample A), or with the ‘reduced use of antibiotics’ attribute included
(sample B). In the chicken survey, the experimental setup was similar:
sample C is presented with only one food safety attribute, namely the
‘Campylobacter-free’ attribute, whereas sample D is presented with the
same plus the additional ‘Salmonella-free’ attribute.

5. Results

The socio-demographic distributions of the two samples in both surveys
(A and B, C and D) of Danish consumers are shown in Appendix 2, Tables
A3 and A4 (available as supplementary data at ERAE online), with respect
to gender, age, number of children and household income. Sample sizes for
samples A and B were 1,278 and 1,322, respectively, resulting in an overall
sample of 2,600 respondents in the pork survey. In the chicken survey,
samples C and D consisted of 381 and 372 respondents, respectively.” In
Tables A3 and A4, the demographic distributions in these samples are com-
pared with each other and with the Danish population in 2007, as this was con-
sidered the relevant target population. The results show that there is an
over-representation of individuals who are middle aged, have a high income
or have children in samples A and B and women, individuals above 50
years old or have a high income in samples C and D. However, when
samples A and B are compared (x” test p-values presented in the outer right
column, A/B), the results suggest that they are very similar in their socio-
demographic distributions. The only examined characteristic which differs
between the two samples is the number of children present in the household,
but further analyses indicated no correlation between this variable and WTP.
This also holds for samples C and D — the only socio-demographic character-
istic which differs across samples is income, but when analysing the data
further we find that income does not affect choice in sample C or D.®

For analysis of the CE data, we apply a mixed logit error component model
with 300 Halton draws in the simulation process. The results of the four main
effect models of samples A and B, and C and D, respectively, are presented in
Table 3. All the discrete variables were effect-coded (Beck and Gyrd-Hansen,
2005), whereas the price was coded as a continuous variable.

7 Since no blocking structure was used in the design for the chicken survey, a lower number of
respondents than for the pork survey (which used blocking) was sufficient.

8 Since none of these four split-samples is representative of the target population (i.e. Danish
households with Internet access), one could argue that our data may suffer from sample selec-
tion issues. However, the purpose of the paper is not to generalise results from these samples to
the population, rather it is to compare results across split-samples.
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Table 3. Estimates of model parameters for the minced pork survey (samples A and B) and the chicken breast survey (samples C and D)

Parameter

Sample A

Sample B

Sample C

Sample D

Alternative/organic production
Country of origin Denmark
Campylobacter-free label
Salmonella-free label

Fat content 3—6 per cent
Fat content 7—10 per cent
Fat content 11-13 per cent
Reduced use of antibiotics
Price

ASC

Opi_2

Log L

Adjusted LRI

N

0.3580 (0.0432)
1.5530 (0.0675)
0.9820 (0.0575)
1.4614 (0.0746)
1.3914 (0.0794)
0.9094 (0.0717)

—0.0502 (0.0020)
0.7522 (0.0770)
1.9356 (0.0785)

—5504

0.3466

7,668

0.3992 (0.0446)
1.1034 (0.0526)
0.9017 (0.0555)
1.2219 (0.0824)
1.1417 (0.0766)
0.6750 (0.0703)
0.3287 (0.0475)

—0.0461 (0.0019)
0.9465 (0.0779)
1.9504 (0.0708)

—5784

0.3362

7,932

0.3796 (0.0833)
1.4353 (0.0847)
0.8821 (0.0720)

—0.0404 (0.0024)
0.0704 (0.1058)
1.7168 (0.1165)

—2327

0.3034

3,048

0.4747 (0.0790)
1.2229 (0.0822)
0.8565 (0.0644)
0.4950 (0.0725)

—0.0338 (0.0024)
0.4857 (0.1035)
1.6997 (0.1138)

—2362

0.2754

2,976

Note: Standard errors are given in parentheses. ASC is an alternative specific constant for the status quo alternative. LRI refers to the likelihood ratio index presented by Louviere et al. (2000).
Because the discrete variables are effect-coded, these coefficients have been multiplied by 2, to account for the fact that the reference level is assigned a value of —1 instead of 0.
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All the main effects of the models from samples A and B presented in
Table 3 show statistically significant effects on the choice of the minced
pork product at the 0.1 per cent significance level. All the signs of the coeffi-
cients are as expected with positive coefficients for all ‘quality’ attributes, and
a negative coefficient associated with the price. As expected, the coefficients
of the variables for the fat content decrease as the fat content increases. The
coefficients capture the marginal increase in the probability of choosing a
minced pork product when the given characteristic is present as compared
to a base level (indoor, non-domestic produce, no Salmonella label, fat
more than 13 per cent, existing rules for using antibiotics).

Both models for samples A and B indicate that fat content and whether or
not the minced pork is produced in Denmark are the most important charac-
teristics, followed by the product being Salmonella-free. The alternative
specific constant (ASC) shows that respondents associate positive utility
with the status quo scenario per se, which suggests some reluctance to switch-
ing from the current product. Furthermore, the log-likelihood ratio index
(LRD) indicates that the two models provide a good fit to the data with
values at 0.35 and 0.34, respectively.

The main effect models for the chicken product are also presented in
Table 3. All the estimates but the ASC are statistically significant at the 0.1
per cent significance level. Furthermore, the signs are as expected relative
to the base levels (indoor, non-domestic produce, no Salmonella-free label,
no Campylobacter-free label).

Also in the case of the chicken product, the models indicate that whether or
not the product is produced in Denmark is the most important characteristic,
but here followed by the product being Campylobacter-free. Furthermore, the
LRI indicates that the two models provide a good fit to the data with values at
0.30 and 0.28, respectively.

All models show that the correlation coefficients between alternatives 1 and
2 (041_2) are significantly positive, supporting the choice of a more flexible
substitution pattern than the one assumed in a standard multinomial logit
model, and suggesting that the experimentally designed alternatives are
close substitutes and have a higher error variance than the status quo
alternative.

In order to set up an explicit test of our main hypothesis of embedding
being present, we compare preferences at the attribute level across the two
splits. Direct comparison of utility parameter estimates across splits is not
appropriate, as the utility parameter estimates confound the unobserved
scale factors which may differ across the splits (Swait and Louviere,
1993). The workaround is to compare WTP estimates instead. The scale
factor cancels out when calculating the ratio of two coefficients, and
this is exactly how the WTP is calculated. Hence, when comparing
WTP estimates across different splits, the scaling issue is of no concern
(Train, 2003).

The WTP estimates presented in Table 4 are calculated as the marginal
rate of substitution between a given attribute and the price attribute. The
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Table 4. Comparison of WTP estimates between samples A and B, and between samples C and D (in DKK)

Hy: WTP(A) = WTP(B)

Hy: WTP(C) = WTP(D)

Parameter Sample A Sample B t-Value p-Value, CC test Sample C Sample D t-Value p-Value, CC test
Alternative/organic production ~ 7.13 (0.944)  8.66 (1.185) —1.007 0.854 9.40 (2.14) 14.06 (3.11) 1.255  0.102

Country of origin — Denmark 30.94 (0.786) 23.93 (1.060) 5.307 0.000 35.54 (2.48) 36.21 (2.89) 0.168  0.433
Campylobacter-free label 21.84 (1.86) 25.36(2.04) 1.338  0.088
Salmonella-free label 19.56 (0.961) 19.56 (1.067) 0.004 0.507 14.66 (1.83)

Fat content, 3—6 per cent 29.11 (1.314) 26.50 (1.560) 1.280 0.091

Fat content, 7—10 per cent 27.72 (1.436) 24.77 (1.501) 1.423 0.074

Fat content, 11-13 per cent 18.12 (1.692) 14.64 (1.431) 1.568 0.058

Reduced use of antibiotics

7.13 (1.030)

Note: Standard deviations are given in parentheses. DKK 10 ~ EUR 1.34.
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standard errors of the WTP estimates are obtained using the Krinsky—
Robb method (Krinsky and Robb, 1986) with 1,000 replications. We
test whether or not the relative importance, as measured by the WTP,
of consuming ‘Salmonella-free’ minced pork or ‘Campylobacter-free’
chicken breast fillet changes when the ‘reduced use of antibiotics’ attribute
or the ‘Salmonella-free’ attribute is introduced to the attribute bundle. If
the WTP estimates remain unaffected (null hypothesis), we conclude
that an embedding effect is not present and that consumer’s preferences
for one food safety characteristic are independent of the introduction of
another food safety characteristic. To compare the different WTP esti-
mates across the two splits, we have applied both a #-test and the com-
plete combinatorial test (CC test) suggested by Poe et al. (2005). The
combinatorial test is a non-parametric test, where all possible combi-
nations of the generated WTP estimates from the Krinsky—Robb pro-
cedure are compared (see, e.g., Lusk and Schroeder, 2004; Carlsson
et al., 2005; Carlsson et al., 2007b, for earlier applications). We have gen-
erated 1,000 WTP estimates for each sample, which implies 1,000,000
differences. The main reason for also applying the CC test is that it
does not assume that WTP is symmetrically distributed, as is the case
for the t-test.

The results from the #-tests and CC tests are shown in Table 4. The mean
WTP estimates for the ‘Salmonella-free’ attribute are DKK 19.56 for both
samples A and B in the pork survey. Using the usual 5 per cent cut-off
level for statistical significance, WTP does not differ significantly across
the samples for five out of the six attributes (including the attribute
Salmonella-free), as indicated by both the low #-values and p-values from
the CC test.” Hence, the null hypothesis cannot be rejected, suggesting that
embedding between the food safety characteristics is not present in this
study. Moreover, the result shows that the introduction of the ‘reduced use
of antibiotics’ characteristic causes a statistically significant increase in the
consumers’ WTP for food safety as a whole by an average DKK 7.13 for
the pork product.

In the chicken product survey, the results are similar. The mean WTP
estimates for the ‘Campylobacter-free’ attribute are DKK 21.84 and 25.36
for samples C and D, respectively, which are not significantly different
from each other. Finally, the model for sample D shows that the respondents
express a positive WTP for the ‘Salmonella-free’ attribute in a chicken
product at DKK 14.66. As this does not significantly affect the WTP for the
chicken breast fillet being ‘Campylobacter-free’, it constitutes a significant
increase in the consumers’ WTP for food safety in general.

9 The only effect the introduction of the characteristic ‘reduced use of antibiotics’ has on consumer
preferences is that WTP for domestic meat decreases. A reason could be that the respondents
associate reduced use of antibiotics with domestic produce. However, only 7 per cent of the
respondents state that they believe domestic meat is produced with reduced use of antibiotics.
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In summary, both surveys show that the introduction of an additional food
safety attribute does not reduce the value of the initially present food safety
attribute, and, hence, we find no evidence of embedding.

6. Discussion and conclusion

The present article seeks to improve our understanding of consumers’ WTP
for food safety. This is done by performing a CE that focuses on testing the
presence of embedding between two food safety characteristics for two differ-
ent products. The results indicate that consumers are willing to spend an extra
amount of money on food safety when they are introduced to products with
additional food safety characteristics. More specifically, we found that the
WTP for avoiding Salmonella in pork and for avoiding Campylobacter in
chicken was not affected by the introduction of a second food safety attribute
(reduced use of antibiotics and Salmonella-free, respectively). Hence, we did
not find evidence of an embedding effect between the food safety attributes in
question. Going back to the underlying potential reasons for embedding, in
line with Brookshire et al. (1982) this suggests that adding additional food
safety attributes was in none of the present CEs associated with an excessive
cognitive burden, leading to the application of heuristics as suggested by
Olsen et al. (2004). This is maybe not surprising since we are considering
market goods where only few of the attributes are likely to be associated
with moral satisfaction (Kahneman and Knetsch, 1992). Furthermore, we
can conclude that if the underlying preference structure is steered by mental
accounting as suggested by Thaler (1985), the budget related to the compound
good food safety was not exhausted by our two food safety attributes.

It should be noted that if the WTP for ‘Salmonella-free’ in the pork product
survey or ‘Campylobacter-free’ in the chicken product survey had declined
due to the introduction of either the ‘reduced use of antibiotics’ characteristic
or the ‘Salmonella-free’ characteristic, it would not necessarily be a proof for
an embedding effect being present. In order for embedding to be present, the
overall WTP across the two food safety characteristics must be equivalent, i.e.
not larger than the WTP for the initial single food safety characteristic. In both
cases, we find aggregate WTP to increase.

As mentioned, Carlsson et al. (2007a), Fischhoff et al. (1993) and Ryan and
Wordsworth (2000) found that CE reduces the problem of embedding when
valuing attributes instead of goods. Our finding of no embedding in an exter-
nal between-attributes test is somewhat in support of these findings, although
we do not specifically compare to CV results. Another explanation, which
partly is connected to the elicitation method, might be found in what Ariely
et al. (2003) define as ‘coherent arbitrariness’. They find that valuations of
goods and experiences have a large arbitrary component, but after one valua-
tion has been made, people provide subsequent valuations that are coherent in
the sense that consumers remember earlier choices, which in the sense of a CE
reflect some kind of anchoring effect to the first choice set. Ariely et al. (2003)
show that consumers’ absolute valuation of goods is surprisingly arbitrary, but
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that consumers’ relative valuations of the different amounts of the good
appeared orderly. In the present analysis, it is interpreted as an indicator of
no embedding that consumers’ relative valuation of the different character-
istics does not change when a new food safety characteristic is introduced.
However, Ariely et al.’s (2003) findings may add an interesting twist to our
discussion as our results might actually also be explained by the potential pres-
ence of coherent arbitrariness. Unfortunately, we are not able to test for this as
all respondents in our survey have received identical choice task sequences.
A proper test would require different respondents being subject to different
first-choice sets, e.g. by randomisation of the choice set sequences. We
leave it to future research to shed more light on this interesting issue.

When presenting respondents with prevalence data, as is done in this case
study, respondents’ perception of such data is likely to depend on their risk
perception. Following the line of Baron and Kenny (1986) on the role of
mediators on attitude formation, and further exemplified by Moon and Bala-
subramanian (2004) through the mediating role of risk perception on public
attitudes towards agrobiotechnology, a possible explanation of the findings
of no-embedding may be due to risk-averse individuals playing a significant
role in our sample.10 If there is a large degree of heterogeneity in risk
perception in the present samples, the observation that there is no embedding
could be driven by a minority of highly risk-averse respondents who are
willing to pay large premiums to minimise an additional food risk (indicating
no embedding), whilst the remaining samples are insensitive to the increased
risk (indicating embedding). Unfortunately, we have no independent measure
of risk aversion, and cannot test for associated heterogeneity in preference
structures. Therefore, we cannot identify whether our results are driven by a
highly risk-averse minority or a general risk aversion to food risk across the
sample. We can conclude, though, that the average respondent’s preferences
in the case studies do not exhibit embedding in relation to the investigated
zoonotic risks. Future research on embedding in relation to food risks
should focus more on establishing context-specific risk perceptions as well
as the degree of heterogeneity in these perceptions in order to better under-
stand why embedding is found in some studies, and not in others.

Finally, respondents might consider the two food safety characteristics in
the two surveys to be very different food safety characteristics and, hence,
do not relate them to an overall food safety characteristic. This is in contrast
to the findings by both Goldberg and Roosen (2007) and Hayes et al. (1995),
who identified embedding effects between food safety characteristics. These
authors focus on reduced Salmonella and Campylobacter bacteria and three
other pathogens, respectively, and find evidence of an embedding effect
across these attributes. This result is most likely due to the very similar
nature of the food safety characteristics, which with regard to consequences
and illnesses are very similar. In the present paper, this is taken into consider-
ation by examining food safety characteristics which are very similar with

10 We thank a reviewer for bringing our attention towards this issue.
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respect to consequences and illnesses (the chicken product survey), while at
the same time investigating food safety characteristics which are not (the
pork product survey). As the results show, the inclusion of related food
safety characteristics gave rise to the same conclusions regarding embedding
as the inclusion of food safety characteristics more dissimilar in nature.

With respect to the pork survey where Salmonella and antibiotics are
included, the issues of valuing different food safety attributes that have
private and public good characteristics, respectively, could have been
addressed in the design as suggested by Carlsson et al. (2007b). This would
enable an internal test instead of the external test we use. Even though we
have not done so in our design, our results based on the external test show no
embedding effect between food safety attributes with public and private good
characteristics (the pork survey) as well as between attributes which both
have primarily private good characteristics (the chicken survey). This is some-
what in correspondence with the findings of Carlsson et al. (2007b) that WTP
for labelling a genetically modified food product (representing a private good
value) was not significantly different from WTP for banning a genetically
modified food product (representing private and public good values). Still, an
internal test of embedding effects between attributes with public and private
good characteristics would be interesting to pursue in future studies.

Other studies suggest that embedding is generally of minor importance
when valuing market goods (Brookshire et al., 1982; Kahneman and
Knetsch, 1992). This is in line with our conclusions in the present paper.
While more research is clearly needed in order to further understand the
extent to which food safety characteristics are perceived as a compound
good, our results do indicate that valuing only one food safety characteristic
does not necessarily give rise to overestimated value estimates due to
embedding.

Supplementary data

Supplementary data are available at ERAE online.
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Appendix 1: The description of the four food safety characteristics.

Table Al: The description of the two food safety characteristics presented to the

respondents for the pork product survey

Salmonella-free

Reduced use of antibiotics

The risk of a Salmonella infection can be
eliminated by good kitchen hygiene."
Nevertheless, there were between 25 and 100
incidents of Salmonella infection per 100,000
Danes in 2005, which could be traced back to
pork meat. Usual symptoms of a Salmonella
infection are fever, headache, nausea, vomiting,
and diarrhoea for a duration of 3-6 days (on
occasion weeks). In rare cases Salmonella can
cause death.

Today it is not possible to purchase pork
labelled Salmonella-free. Now imagine that it is
possible, and that you can choose between a
product which has been tested and found free of
Salmonella (Labelled Salmonella-free) and a
product which has not been tested (Not labelled
Salmonella-free).

Antibiotics are used to fight bacteria related
illnesses in pigs. Use of antibiotics increases
the risk of resistant bacteria (e.g. Salmonella).
If humans become infected with resistant
bacteria, it is difficult to find effective
treatment. Medical residue from antibiotics can
cause allergic reactions in human. Tests show
that medical residue from antibiotics are only
found in very rare cases in meat.

By reducing the use of antibiotics in the pork
production, a reduction of the above mentioned
risks is expected. In the choice experiment we
distinguish between pork produced under the
existing rules of the use of antibiotics (Existing
rules) and pork produced under tightened rules,
where the use of antibiotics is reduced
(Tightened rules).

! In Denmark quite a lot of information has been provided to the consumers concerning what is
embraced in having good kitchen hygiene, so consumers are quite familiar with the term good
kitchen hygiene. Furthermore — follow-up questions concerning the respondents’ practise at home
when dealing with meat from chicken and pork, showed that over 95 per cent of the respondents




Table A2: The description of the two food safety characteristics presented to the

respondents for the chicken product survey

Campylobacter-free

Salmonella-free

Campylobacter is the most common cause of
food poisoning from especially poultry. In
average 1 out of 3 chickens in Danish
supermarkets are infected with Campylobacter.
The risk of a Campylobacter infection can be
eliminated by good kitchen  hygiene.
Nevertheless, there are between 20,000 and
40,000 incidents of Campylobacter infection per
year, which can be traced back to chicken.

Usual symptoms of a Campylobacter infection
are fever, headache, nausea, vomiting, and
diarrhoea for a duration of 3-6 days (on
occasion weeks). In rare cases Campylobacter
can cause death.

As mentioned, in the following questions you
will have to choose between different types of
chicken fillet. With regard to whether the
chicken fillets are labelled ‘Campylobacter-free’
or not - we distinguish between yes and no

Salmonella is the second most common cause
of food poisoning from especially eggs, poultry
and other meat. In average 6 out of 100
chickens in Danish supermarkets are infected
with Salmonella. The risk of a Salmonella
infection can be eliminated by good kitchen
hygiene. Nevertheless, there are between 1,500
and 3,000 incidents of Salmonella infection per
year, which can be traced back to chicken.

Usual symptoms of a Salmonella infection are
fever, headache, nausea, vomiting, and
diarrhoea for a duration of 3-6 days (on
occasion weeks). In rare cases Salmonella can
cause death.

As mentioned, in the following questions you
will have to choose between different types of
chicken fillet. With regard to whether the
chicken fillets are labelled ‘Salmonella-free’ or
not - we distinguish between yes and no

(stated that they) did cook the meat sufficiently, kept meat and vegetables separate, and washed

their hands after touching raw meat.




Appendix 2: Socio-demographic distributions of the four samples.

Table A3: Socio-demographic distribution of the respondents in the two samples
A and B for the minced pork survey.

Sample A Sample B STAT Denmark Chi-square test P-values
Freg. (A) Freq. (B)  Percent Exp.(A) Exp.(B) A B A/B
Total 1278 1322
Men 626 652 49.01 626 648
0.9860 0.8205 0.8051

Women 652 670 50.99 652 674
Age
18-19 3 3 291 37 38
20-24 39 42 7.00 89 93
25-29 99 89 7.65 98 101
30-39 321 335 18.13 232 240

4.42E-22  9.11E-23 0.9371
40-49 228 246 18.86 241 249
50-61 312 319 20.93 268 277
62-66 108 112 7.37 94 97
67 and older 168 176 17.15 219 227
Children
No Children 737 763 68.32 873 903
1 Child 204 240 13.02 166 172
2 Children 237 241 13.38 171 177

1.76E-15 1.83E-14  0.01491
3 Children 85 61 4.09 52 54
4 Children 13 13 0.79 10 10
5 Children or more 2 4 0.40 5 5
Household income
Up to DKK 99,999 18 15 3.77 48 50
DKK 100,000-199,999 112 102 26.05 333 344
DKK 200,000-299,999 137 139 17.19 220 227 1.03E-82  3.28E-95 0.3448
DKK 300,000-399,999 181 194 12.48 159 165
DKK 400,000 or more 830 872 40.50 518 535

Note: DKK 10 ~ EUR 1.34. The first and second p-values of the chi-square tests concern sample
A and B, respectively, compared to Denmark in general. The third p-value, A/B, concerns the
comparison of distributions between samples A and B. It is calculated from the actual number of

respondents in sample B compared to an adjusted sample A.



Table A4: Socio-demographic distribution of the respondents in the two samples,

C and D for the chicken breast survey.

Sample C Sample D

STAT Denmark

Chi-square test P-values

Freq. (C)  Freq. (D) Percent Exp.(C) Exp.(D) Cc D C/ID
Total 381 372
Gender
Men 167 166 49.01 187 182
0.0433 0.0908 0.7570
Women 214 206 50.99 194 190
Age
18-19 5 3 291 11 11
20-24 9 10 7.00 27 26
25-29 12 18 7.65 29 28
30-39 43 52 18.13 69 67
3.2E-19 27E-13 0.3184
40-49 57 59 18.86 72 70
50-61 113 106 20.93 80 78
62-66 65 60 7.37 28 27
67 and older 77 64 17.15 65 64
Children
No Children 284 268 68.32 260 254
1 Child 45 49 13.02 50 48
2 Children 42 45 13.38 51 50
0.0811 0.2682  0.7644
3 Children 9 8 4.09 16 15
4 Children 1 2 0.79 3 3
5 Children or more 0 0 0.40 2 1
Household income
up to DKK 99,999 9 8 3.77 14 14
DKK 100,000-199,999 35 26 26.05 99 97
DKK 200,000-299,999 49 46 17.19 66 64 9.15E-21 7.38E-22 0.0054
DKK 300,000-399,999 44 70 12.48 48 46
DKK 400,000 or more 244 222 40.50 154 151

Note: DKK 10 ~ EUR 1.34. The first and second p-values of the chi-square tests concern sample
C and D, respectively, compared to Denmark in general. The third p-value, C/D, concerns the
comparison of distributions between samples C and D. It is calculated from the actual number of
respondents in sample D compared to an adjusted sample C.



