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The European Union (EU) is the world’s largest market for fishery and aquaculture products (FAPs) in nominal
terms. Given the importance of these products, EU authorities and policy-makers are continuously monitoring
consumer preferences and attitudes, analysing whether or not the implementation of EU policies and regulations
improves the market conditions. For example, the Eurobarometer (European Union, 2018a) surveyed 27,732 EU
residents including a specific module to analyse the fishery and aquaculture EU market. In this study, the dataset
is used to estimate Ordered Probit models using effects coding and their marginal effects to identify the main
determinants of the frequency of FAPs at-home consumption. Results indicate that the highest probability to
consume more frequently FAPs is related to considering that one of the main reasons for buying or eating fishery
and aquaculture products is because they are healthy, while the highest probability to consume less frequently
FAPs is related to consumers who do not understand at all the information accompanying the products. Similarly,
other important reasons for consuming FAPs more frequently are their good taste and low relative price. Also,
results indicate a higher frequency of consumption of FAPs for those consumers who are over 55 years of age, are
wealthy, have a wild product preference, live in a household of 3 persons or more and are very satisfied with
their lives. To our best knowledge, there is not a similar approach in the current literature that considers such an
extensive sample which is representative of all the countries that conform the EU28. Results provide valuable
information especially for producers and authorities in terms of marketing and policy analysis.

1. Introduction

The EU is the world’s largest trader of fishery and aquaculture
products (FAPs) in nominal terms reaching around EUR 30.3 billion in
2017 and surpassing second-ranked China by more than EUR 2.3 billion
(FAO, 2018). These high figures are a consequence of the importance of
FAPs for the human diet, accounting for around 17% of the intake of
animal protein for the global population (FAO, 2018), and more spe-
cifically, because of the many benefits offered by the consumption of
these products. In fact, according to FAO (n.d.), fish is not only a source
of protein and healthy fats but also an exceptional source of nutrients,
fatty acids, iodine, vitamin D and calcium. The importance of FAPs is
also due to the consumption patterns of European residents, as accord-
ing to data from 2016, the EU seafood average global consumption per
capita of 24.33 kg. (European Union, 2018b) was higher than the global
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consumption value of 20.3 kg (FAO, 2018). Additionally, for European
residents, home is the most common place to consume the FAPs with
70% of consumers eating them at home at least once a month and 41% at
least once a week (European Union, 2018a).

Given the importance of FAPs, some EU regulations, framed into two
different sections: Common Fisheries Policy (CFP) and Common Market
Organisation (CMO), have become an indispensable instrument for the
appropriate functioning of the market and industry (D’Amico et al.,
2016). The CFP consists of a set of rules for the management of the
fishing fleets and the market of FAPs, as well as for the conservation of
fish stocks (European Union, 2018a). Meanwhile, the CMO ensures that
consumers receive more and better information for FAPs sold in the
European market, with the same rules applying regardless of their origin
(European Commission, 2016). The CMO is currently regulated by the
1379/2013 EU regulation, which amongst other things, establishes the
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mandatory labelling information for FAPs (D’Amico et al., 2016) and a
list of the voluntary information that can be added to FAPs, such as
information related to the environmental, ethical or social aspects of the
products, production techniques and practices, and others (European
Parliament, 2013).

The European Commission aims to accurately develop and imple-
ment changes to the commented regulations. Thus, it is important to
know the state of the fisheries and maritime industry as well as the
opinions of citizens and stakeholders (European Union, 2018a). The
understanding of consumers’ habits and attitudes is necessary to better
address their appropriate implementation and the potential foreseen
changes. For example, the success of the CMO requires consumers to be
able to understand the information of labels, the necessity and benefits
of eating fish and the nutritional properties of different species available
in the market. The European Parliament (2013) advised the Member
States to invest in marketing and educational campaigns aiming to in-
crease FAPs consumption. The European Commission (2017) found a
total of 685 FAPs promotional campaigns and projects in the period
2007-2015 in 26 EU Member States, and only two Member States
(Austria and Luxembourg) have not carried out any campaigns. In our
view, the campaigns should be customized to the preferences and atti-
tudes of consumers. A better understanding of the internal market of
FAPs allows operators to raise their competitiveness and to adopt new
strategies or to modify their current ones based on consumers’ demands,
to pursue the strengthening and growth of the internal market and, as a
result, to stimulate the creation of jobs (European Union, 2018a).

Despite the importance of knowing FAPs’ preferences and habits of
European consumers, most of the previous econometric models are only
focused on a particular geographical context (specific city, region, or
country). The literature is not scant as many papers have analysed the
socio-demographic and economic factors as well as other individual and
attitudinal factors as the main determinants of FAPs’ consumption fre-
quency. Nevertheless, to our knowledge, the previous studies are more
limited in several aspects such as the sample representativeness and the
number of determinants studied. From the methodological perspective,
the study is also novel as Ordered Probit models in the context of FAPs
consumption are still scarce (Lee and Nam, 2019).

In our view, the success or updating of the current conditions of EU
policies depends more on a better understanding of FAPs’ consumption
across the EU. Thus, the present study aims to fill this important gap,
analysing the main determinants that explain at-home FAPs’ consump-
tion frequency in the EU through the use of an Ordered Probit model.
This type of model permits to analyse the consumers’ preferences in an
effective way (Kumar et al., 2008; Quagrainie, 2006). Concretely, we use
a representative sample of the EU to analyse one of the most extensive
lists of determinants that have been used to date. The determinants used
in the study are: demographic factors (country of residence, age, place of
living and household-size), economic factors (difficulties in paying the
bills and society class) and individual and attitudinal factors (wild-
caught preference, easiness and clearness to understand FAPs’ infor-
mation, main reasons for buying or eating FAPs, important aspects when
buying FAPs, expectations of life conditions in five years and life
satisfaction).

Besides other prerogatives, it is important to identify the main de-
terminants that affect the frequency of consumption of these products
because it is well known that consumers who purchase seafood more
frequently are willing to pay higher prices than those who purchase it
less frequently (Quagrainie, 2006). For this reason, marginal effects will
be estimated to determine which are the most important factors or at-
titudes that increase the probability of consuming FAPs at home at least
once a week. The results provide important insights for stakeholders in
the fisheries and aquaculture sector on the factors and attitudes that
should be highlighted in the marketing campaigns and information
accompanying the products. Additionally, the results of the marginal
effects may also be valuable for researchers, academics, and authorities
to propose policy lessons or to guide the scope of future investigations.
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The remainder of the paper is organized as follows: Section 2 offers
some insights from the literature, section 3 presents some information
about the database, section 4 describes the methodology, section 5 de-
tails the results, section 6 discusses the results and section 7 offers some
concluding remarks.

2. Literature review

The literature shows that the preference for FAPs can be studied by
analysing their frequency of consumption or the choices of consumers.
While both types of investigations provide information on the patterns
of consumption for these products, the choice-base studies usually focus
more on the general preferences and the willingness to pay estimates for
these products, while the studies analysing the frequency of consump-
tion aim to identify the factors or attitudes that enhance the repetition of
the action of consuming or buying these products. The present investi-
gation is in the context of the second type.

The literature shows different approaches that determine the main
factors affecting the frequency of consumption of diverse seafood
products, such as the Ordered Probit models (Almendarez-Hernandez
et al., 2017; Kumar et al., 2008; Lee and Nam, 2019; Myrland et al.,
2000; Terin, 2019; Thong and Solgaard, 2017), the ordered logit models
(Almendarez-Hernandez et al., 2017; Santeramo et al., 2017), the theory
of planned behaviour as a conceptual framework (Higuchi et al., 2017;
Thong and Olsen, 2012; Tomic et al., 2016; Tuu et al., 2008; Verbeke
and Vackier, 2005; Yousuf et al., 2019), the structural equation models
(Rortveit and Olsen, 2009, 2007); some regression models such as the
ordinary least square regression (Cavaliere et al., 2019), the logistic
regression model (Herrmann et al., 1994), the multiple linear regression
(Can et al., 2015) and the hierarchical regression models (Hall and
Amberg, 2013); and other statistical analyses such as ANOVA (Almeida
et al., 2015), frequency distribution (Islam et al., 2018) and Spearman’s
correlations (Murray et al., 2017).

Focusing on the studies that used ordered probit models, Lee and
Nam (2019) studied the determinants of the frequency of live fish con-
sumption in South Korea. They found that respondents with a low price
elasticity of demand and who consider safety to be a more important
factor than the price are likely to consume live fish more frequently;
whereas preference for wild-caught fish was relevant in consumers’
choices, but not in their consumption frequency. Similarly, Thong and
Solgaard (2017) determine how psychological and socio-demographic
variables have an impact on the frequency of consumption of fish,
shrimp and mussels in France. Results indicate that female, elderly,
high-income consumers, living with children, living with family or
partner tend to consume seafood more frequently, but there may be
some differences depending on the seafood product being considered. In
addition, the most important positive driver was weight control among
the nine reasons assessed for the frequency of fish consumption, while
convenience was the most relevant barrier. Almendarez-Hernandez
et al. (2017) assessed the frequency of consumption of tuna in Mexico
and found that the marginal effects decreased as income increased. They
also found that consumers who prefer canned tuna have a lower fre-
quency of consumption compared to those who prefer fresh tuna;
however, consumers who have been informed about the ’dolphin-safe’
eco-label are more eager to consume canned tuna. Kumar et al. (2008)
identified factors affecting the frequency of purchases of farmed catfish
by consumers in the United States. Results indicate that fresh catfish
buyers are more likely to purchase them more frequently than those who
buy frozen catfish. Married couples, and Caucasian and African Ameri-
cans were also more eager to buy catfish more frequently. Myrland et al.
(2000) designed a recursive sequential model of the decision-making
process for the consumption of seafood at home in Norway. The meth-
odology included a set of ordered probit models, that showed that the
attributes of the product are more important perceived barriers to
consumption than price beliefs. They also found that consumption in-
creases when individuals are older, have higher education or larger
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household size. Moreover, Terin (2019) studied how the frequency of
fish consumption of households in Turkey is related to socio-
demographic factors and attitudes, and found that consumers with
higher incomes, with a higher number of children in the household, and
where the householders consume other aquaculture products other than
fish tend to have a higher frequency of consumption. In general, all the
models found on these investigations consist mostly of ordered probit
models with or without interaction effects, but none of them have
considered the heteroscedasticity that might be present in the effects of
the variables.

In general, the studies in the literature show some differences
regarding the independent variables considered, the countries included
in the analysis and the species evaluated. Moreover, only a few studies
analysed the frequency of consumption at home separately (Almeida
et al., 2015; Herrmann et al., 1994; Myrland et al., 2000), which might
be appropriate given that there are differences between the significant
factors affecting at home and outside-home consumption (Almeida
et al., 2015; Herrmann et al., 1994).

The factors that affect the frequency of consumption of seafood can
be grouped in economic, demographic and attitudinal factors (Herr-
mann et al., 1994). As far as economic and demographic factors are
concerned (see Table 1 in the appendix), the results obtained from the
literature do not lead to a robust and clear hypothesis regarding their
frequency trends. Some of the observed differences may be due to the
characteristics of the sample, the species studied, and the methodology
used in the investigations. Thus, there are no general trends regarding
the frequency of consumption of seafood products for the gender, age,
household size, the presence of young children, the education level, the
income, and the marital status factors. On the other hand, most studies
suggest that women, older people, people with higher education, higher
incomes, married or living with a partner and a higher social class tend
to have a higher frequency of consumption of seafood products.

In addition, factors related to individual conditions or attitudes to-
wards the attributes of seafood products present a more general fre-
quency trend pattern (see Table 2 in the appendix). Thus, the positive
drivers to a higher frequency of consumption are having a positive
attitude towards seafood, considering important the low calories and
low fat of the products, being satisfied with the safety of the products,
being an expert judging the safety of the products, preferring fresh
products, caring about eco-labels and environmental issues, being a
regular consumer, being involved in recreational fishing activities,
executing often physical activities, frequent consumption of seafood
during childhood, high knowledge of the production of seafood and
consumption of other products other than fish. Meanwhile, the main
barriers are the price or cost, not purchasing wild seafood for environ-
mental concerns, and being uncomfortable when cooking or preparing
seafood.

Furthermore, factors related to familiarity, health and sensory
qualities are largely dependent on the species of seafood examined. For
familiarity, as expected, Hall and Amberg (2013) found that consumers
who are familiar with aquaculture products tend to consume them more
frequently, while Thong and Solgaard (2017) found different results
about the familiarity factor for shrimp and mussels. Moreover, for the
health attribute, most studies have agreed as expected that consumers
who care about food-related health issues, consume FAPs more
frequently. Seafood products, in general, are thought to be healthy,
although Santeramo et al. (2017) found opposite results for the partic-
ular case of oysters, which consumption is explained more by being used
to eat them, rather than by their healthy nature. Finally, as regards
sensory qualities attributes, contrary to expectations, Santeramo et al.
(2017) found that consumers who value oysters as tasty consume oysters
less frequently, and the authors concluded that oysters are consumed for
reasons other than their particular taste.

Other factors that have been analysed and affect the frequency of
consumption of seafood products are the profession or occupation
(Almendarez-Hernandez et al., 2017; Can et al., 2015; Herrmann et al.,
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1994; Lee and Nam, 2019), the living location (Herrmann et al., 1994;
Islam et al., 2018; Lee and Nam, 2019; Myrland et al., 2000; Thong and
Solgaard, 2017), the ethnic group (Kumar et al., 2008), the origin of the
product (Kumar et al., 2008), the packaging presentation (Kumar et al.,
2008), the type of store (Kumar et al., 2008), the preference for certain
species (Lee and Nam, 2019), the nationality (Yousuf et al., 2019) and
the seasonal period (Can et al., 2015).

3. The database

The database used to estimate the models was obtained from the
Special Eurobarometer 2018 (European Commission, 2019), which was
the second survey on this topic and consisted of a block of questions that
were asked in a similar survey conducted in 2016. The survey aimed to
analyse the internal market for FAPs of the EU and to provide important
information that helps stakeholders for the formulation of policies that
might enhance the market.

The survey was conducted by the Kantar Public Brussels network at
the request of the European Commission. The surveys were administered
between June and July of 2018 in the 28 countries of the European
Union. The interviews were made face to face at home and in the native
language according to the country of residence. A total of 27,734 EU
residents with different social and demographic characteristics were
surveyed. In the electronic appendix, there is a table that presents the
sample description that includes the countries involved, the frequency of
surveys for each country and their respective percentage over the total
sample (see Table EA1 in the electronic appendix).

The dependent variable in the current study is based on the responses
for the frequency of consumption at home of FAPs, while the indepen-
dent variables are related to the attitudes, economic and demographic
factors of respondents. The answer format for the frequency of con-
sumption at home goes from 1 to 5, according to the frequency of con-
sumption that varies from never (1) to at least once a week (5),
respectively. The other levels are: less than once a year (2), several times
a year but less than once a month (3) and at least once a month but less
than once a week (4).

4. Methodology

The conceptual framework of the study assumes that the frequency of
home consumption of FAPs is influenced by some economic and de-
mographic consumers’ characteristics and some attitudes that serve to
approximate consumers’ preferences toward the seafood products. Or-
dered Probit models were estimated to analyse the frequency of con-
sumption at home for the mentioned products, by using it as a
categorical and ordinal dependent variable. The Ordered Probit models
are an appropriate analytical framework when survey responses are
ordinal (Kumar et al., 2008; Thong and Solgaard, 2017).

The estimated probit models are rooted in the random utility
modelling approach, and in them, it is assumed that the latent depen-
dent variable Y; (home consumption frequency) depends on two ele-
ments: first, a linear combination of a vector of independent variables X;
and the parameter vector 6 that must be estimated; and second, an error
term ¢; that makes possible to elicit non-observed factors of the indi-
vidual i. Equation (1) shows the latent regression model used.

K
Yi:ZQinJre,» (l)
k=1

Moreover, as the dependent variable in the former equation is not
observable, it is measured by a set of indicators y;that represent the

4 The data can be publicly accessed in the webpage of the Leibniz Institute for
the Social Sciences Data Archive for the Social Sciences (DAS): https://doi.
org/10.4232/1.13212
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different categories of the dependent variable (Eq. 2), where y,, s, jis,
u, and g are category threshold parameters that must be estimated
subject to y; < py < p3 < py < ps. These category thresholds indicate
the points in which there is a variation in the level of consumption due to
a high change in the latent preference.

Never: y; =1 if Yy,
Less than one year: y;, =2 if yu, <Y<y,
Several times a year but less than once a month: y; =3 if p, < Y;<pu,
At least once a month but less than once a week: y; =4 if p; <Y<y,
At least once a week: y; =5 if pu, <V

(2)

Given a distribution function for the error term, and setting u, =
—oo0 and y; = oo, the probabilities for each of the outcomes can be
obtained according to:

P(y; =j) = P(ei<u; — 0X) — P(eisp;_y — 0X) = 3
= F(u; — 0X) — F(u;_; — 0X)

Where F is the assumed cumulative distribution function (cdf) for the
error term, that in the case of the ordinal probit is the normal
distribution.

The heteroscedastic model permits that the variance of the error term
varies by allowing the standard deviation to be determined according to
the following equation: ¢ = exp(6Z;) , where Z; is a vector of variables
that explain the level of variance and § is a vector of parameters to be
estimated.

The parameters of the model are estimated by maximising the log-

likelihood function according to:
L H; — 0X;

exp(ﬁZ,-)) B

1(y; = j)log <F( Pl QXI')) @

L(0,6,p) = ; exp(5Z;)

=

where I(y; =j) = 1 when consumer i answers j and O otherwise. The

— —
ﬂj79X] F”j7170X1
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Mannering, 2017; Fountas and Anastasopoulos, 2017); the observations
can be differentiated by the use of a latent class model (Bago d’Uva,
2005; Fountas et al., 2018; Greene et al., 2008; Stone et al., 2019); the
outcomes can be differentiated by the use of zero-inflated ordered probit
models that accounts for some unobserved differentiation in one of the
outcomes such as no-consumption vs. consumption or accidents with no
injuries vs. accidents with injuries (Fountas et al., 2020; Jiang et al.,
2017).

The independent explanatory variables considered in the models
include dummies related to the country, age, place of living, household
size, social class, wild product preference, attitudes regarding the main
reasons for buying or eating FAPs, the most important aspects when
buying FAPs, information regarding how easy and clear is to understand
the information of the products, the difficulties of paying the bills, and
life satisfaction and expectations. A table in the electronic appendix
shows the questions of the survey that were used to obtain the infor-
mation of the dependent and independent variables (see Table EA2 in
the electronic appendix).

It is also important to note that, although there may be some simi-
larities between the variables related to the main reasons for buying or
eating FAPs and those related to the most important aspects of buying
FAPs, there is a clear difference as the first category refers to both buying
and eating behaviour while the second category refers only to buying
behaviour.

For the present study, three ordered probit models were estimated: a
homoscedastic model and two heteroscedastic models. Also, the mar-
ginal effects of the different consumption patterns at home were esti-
mated. The marginal effects determine how much the probability of fish
consumption at home outcome will be affected by a change in the value
of the independent variables included in the model. In our study, the
marginal effects can be calculated as follows as all the variables included
in the model are binary or categorical:

exp(&?l) exp(é?l)

heteroscedastic ordered probit model is estimated by maximum likeli-
hood estimation (MLE) and provides one of the basic extensions of the
traditional ordered probit models that have been previously used in the
context of fish consumption (Almendarez-Hernandez et al., 2017; Kumar
et al., 2008; Lee and Nam, 2019; Myrland et al., 2000; Terin, 2019;
Thong and Solgaard, 2017). The basic idea of the traditional ordered
probit model relies on the use of an unobserved latent variable through a
mechanism based on a set of thresholds (Greene and Hensher, 2010;
Winkelmann and Boes, 2009). However, both methods do not permit to
analyse unobserved heterogeneity as one strict assumption is that the
estimated parameters are considered fixed. The main limitations arise
from considering that there exists a homogeneous process that generates
the outcomes for all the observations (Fountas et al., 2020).

A number of model extensions that account for unobserved hetero-
geneity have been proposed in other research fields mainly in accident
analysis. For example, the threshold parameters can depend on a set of
explanatory variables (Avsar et al., 2017; Fountas and Anastasopoulos,
2018, 2017; Pudney and Shields, 2000); the coefficients can vary with
the outcomes through fixed effects (Avsar et al., 2017; Cubas-Diaz and
Martinez Sedano, 2018; Pfarr et al., 2010); the coefficients can vary with
the observations through the use of random parameters (Behnood and

) (5)

In the vectors X and Z, the variable of interest is equal to one or zero
for the dummy variables when the subindex is 1 or 0, respectively. In the
case of the categorical variables, the vector Xj is substituted by its code.
The marginal effects are calculated at the mean values of the sample.
The practical implications of the formula are that the marginal effects of
one variable in the model depend on all the model parameters, the data
and the outcome of interest.

5. Results

Initially, a homoscedastic Ordered Probit model was estimated using
effects coding for all the categorical variables included in the model (see
Table EA3 in the electronic appendix for the detailed results). Effects
coding normalization is not as popular as dummy coding normalization,
but it presents a number of advantages (Hensher et al., 2005) that are
relevant in the study. First, it avoids the always tricky selection of the
reference base of the dummy coding normalization. Second, the mar-
ginal effects for each of the outcomes and levels of the categorical var-
iables are referred to the average of all the levels of each variable and
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Fig. 1. Marginal effects for the consumption of FAPs at home at least once a week.



J. Cantillo et al. Food Quality and Preference 88 (2021) 104085

0 750 1500 km
| |

Prob. of consuming FAPs at least once a week (%)
-34,9% to -20,1%

-20,1% to -4,9%

-4,9% to 8,5%

8,5% to 26,8% )
26,8% to 46,5% rogics

BRR00

[~ Other countries

a1

N

P (
Denmarke
P AT
United

7
Netherlands

Bel’g‘iUm

Portugal

Gyprus‘

Fig. 2. Probabilities to eat FAPs at least once a week at home for the countries.



J. Cantillo et al

Food Quality and Preference 88 (2021) 104085

Fig. 3. Confidence intervals for the marginal effects of consuming fish at least once a week by country.
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this is usually a better approach than an ex-ante selection of a specific
category.

Results showed a significant and a higher frequency of consumption
of FAPs for those consumers who: are older than 55 years, are part of the
upper-middle class of society, have a wild product preference, live in a
household of 3 persons or more, are very satisfied with their lives and
never or rarely have difficulties paying the bills. Similarly, there is a

consider that they are products for special occasions), as well as for those
who contemplate as relevant any of the important aspects mentioned
related to the product (except for the cost). In contrast, it was found that
there is a lower frequency of consumption of FAPs for those consumers
who: do not understand at all the information accompanying the prod-
ucts, are between the ages of 15 and 54, live in cities or large urban
areas, are not satisfied with their lives and expect no changes in their
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Fig. 4. Confidence intervals for the marginal effects of consuming fish at least once a week by the attitudes (reasons to buy or eat fish and aspects to buy fish).

higher frequency of consumption for consumers who select as important
any of the reasons listed for buying the products (except for those who
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Fig. 5. Confidence intervals for the marginal effects of consuming fish at least once a week by the easiness to understand the information that accompanies

fish products.
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Fig. 6. Confidence intervals for the marginal effects of consuming fish at least once a week by age.

living conditions for the next five years.

After that, a heteroscedastic Ordered Probit model using effects
coding (see Table EA3 in the electronic appendix for the detailed results)
was estimated considering the same parameters, and it was found that,
in many cases, the standard deviations of the factors could be explained
by some of the factors included in the homoscedastic model. Thus, the
homoscedasticity assumed in the homoscedastic model might lead to
biased results for the obtained coefficients of some of the parameters.
Furthermore, the heteroscedastic model showed a better adjustment

than the homoscedastic model according to the Likelihood-ratio test. A
more parsimonious heteroscedastic model was estimated considering
just the parameters and standard deviations that were significant to a
minimum significance level of 0.1, while the rest were fixed to 0.
Nevertheless, the likelihood-ratio indicated that the fit of the model was
lower than the previous model, so the first heteroscedastic ordered
probit model was chosen to describe the results. Concretely, the analysis
is focused on the marginal effects for the consumption frequency of at
least once a week”.

5 The rest of the marginal effects for the other consumption frequency levels
are also available upon request.
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The marginal effects from the heteroscedastic model indicate that the
frequency of consumption at home of FAPs differs across countries in the
EU28. The largest marginal effects are observed in Spain, while Hungary
presents the lowest marginal effects. Regarding the results on the main
reasons for buying or eating fishery and aquaculture products, we obtain
that the highest positive impact on the frequency of consumption is
related to considering that FAPs are healthy, in contrast with other
reasons such as the cost or the origin of the product. Another interesting
issue to remark is that the most negative impact is related to not un-
derstanding at all the information accompanying the products. The
marginal effects for the consumption of FAPs at home at least once a
week are illustrated in Fig. 1 for the significant factors, in which the
results are summarized succinctly according to the demographic factors
(country of residence, age, place of living and household-size), the
economic factors (difficulties in paying the bills and society class) and,
individual and attitudinal factors (wild-caught preference, easiness and
clearness to understand FAPs’ information, main reasons for buying or
eating FAPs, important aspects when buying FAPs, expectations of life
conditions in five years and life satisfaction).

Results also show that attitudes of consumers towards the main
reasons for buying or eating them are also very important determinants.
Consumers who think that one of the main reasons for buying or eating
FAPs is that they are less expensive than other foods, taste good, are easy
to digest, are quick and easy to prepare or that they contain little fat,
tend to consume them at home more frequently. In addition, less
important factors to consume FAPs more frequently at home are related
to those who believe that one of the most important aspects for buying
FAPs refers to the product’s appearance, the brand or quality labels, the
origin of the product, the environmental, social or ethical impacts, or
their easiness and quickness to prepare, also tend to consume the
products more frequently. Interestingly, the cost result can be partly
explained because it was only significant for the standard deviation, so,
in general, it can be concluded that it is not relevant for the average
consumer, but it might be important to some particular segments of the
population.

The preference between wild and farmed products was found to be
significant for the frequency of consumption of FAPs. The consumers
who showed a clear preference for wild products were more eager to
consume them more frequently. Besides, results indicate that the older
generation of residents, especially those over 55 years old, are more
eager to consume FAPs more frequently at home, as well as those living
together with more people and in areas such as towns and suburbs or in
small urban areas. Moreover, the results show a tendency for higher
consumption rates for consumers who are part of higher social classes,
while results also indicate that those who rarely or never had difficulties
to pay their bills have a higher frequency of consumption of FAPs at
home. It was also found that consumers who are not satisfied with their
lives are less likely to eat FAPs at least once a week at home. Moreover,
regarding the life condition expectations in five years, the results
showed that those consumers who believe that their current living
conditions will not change, tend to consume FAPs less frequently.

Analysing the probabilities to eat FAPs at least once a week at home
for the countries according to their spatial distribution (see Fig. 2), it can
be seen that countries which do not have a coastline or a very small one
such as the Czech Republic, Slovakia, Hungary, Austria and Slovenia
have the lowest values. Similarly, the countries on the western side of
Europe, Sweden, Estonia and the United Kingdom have a higher prob-
ability of consuming FAPs more frequently than those on the eastern
side of Europe.
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We also present the 95% confidence intervals for the marginal ef-
fects” values of each one of the analysed parameters (the country’s
specific constants, the attitudes, the easiness to understand the infor-
mation that accompanies the products and the age). Thus, it is possible
to evaluate at first glance different pairwise comparisons. For example,
the analysis of Fig. 3 indicated that the higher marginal effects mean
values for the countries are observed in Spain, Portugal, Great Britain
and Sweden. In general, the order of the countries according to the
values of the parameters shows a similar tendency to their order ac-
cording to the percentage of the population consuming FAPs at least
once a week (European Union, 2018a), except for some specific cases.

Similarly, as shown in Fig. 4, the marginal effects’ values for the
attitudes towards eating or buying FAPs indicated that the most
important reasons to eat or buy them were their healthiness, low relative
cost and good taste, while the least important aspect was their specific
cost. The marginal effects’ values related to the levels of understanding
the information accompanying the products are presented in Fig. 5,
which exhibits that there is a high difference between the various levels
of understanding the information accompanying the products and those
who don’t understand it at all. Finally, Fig. 6 shows the marginal effects’
values of the age factor, which expose clearly that there is a tendency of
higher consumption of FAPs for older consumers.

6. Discussion

Model results indicate that consumers who do not understand at all
the information accompanying the products have a lower probability of
around 20% to consume FAPs at least once a week than the average
consumer. Therefore, the possibility of increasing the consumption of
these products in the EU28 by simply providing clearer and easier to
understand information can be considered an adequate policy to
implement, especially, keeping in mind, that around 3% of respondents
from the Eurobarometer survey indicated that the information accom-
panying FAPs was not at all clear or easy to understand (European
Union, 2018a, 2018b). This strategy is also supported by several studies
in the literature, which conclude that providing quality information to
consumers enhances product attributes (Bronnmann and Hoffmann,
2018; Kumar, 2018).

Also, it was found that when consumers considered that the main
reasons for buying FAPs are that they are healthy, less expensive than
other foods and taste good, they have a higher probability of consuming
FAPs at least once a week of 19.9%, 17.8% and 17.6%, respectively. The
results confirm the previous findings by Can et al. (2015), Murray et al.
(2017) and Thong and Solgaard (2017), in which the authors found that
there is a higher frequency of consumption for consumers who are
concerned with health issues. Other studies have shown that consumers
are willing to pay premiums for health-related labels on seafood prod-
ucts highlighting the content of Omega 3 (Banovic et al., 2019; Bi et al.,
2016; Fernandez-Polanco et al., 2013), the high content of protein
(Banovic et al., 2019) or how the product improves heart (Banovic et al.,
2019; Lim et al., 2018) and brain function (Banovic et al., 2019).
Moreover, Thong and Solgaard (2017) also found that more frequent
FAPs consumers were also characterized by those who considered the
sensory qualities of FAPs to be important, such as the smell, texture, and
taste.

In addition, our results indicate that other reasons that increase the
probability of consuming FAPs at least once a week by around 11%, are
the consideration of the products as being easy to digest and easy or
quick to prepare. This finding is consistent with Murray et al. (2017) and
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Thong and Solgaard (2017). In both papers, the authors found that there
is a lower frequency of consumption for consumers who are uncom-
fortable cooking or preparing these products. For this reason, ready-to-
cook FAP’s products can be considered an adequate policy that could
promote the consumption of FAPs in the EU (Husein et al., 2020). Stead
et al. (2004) warned that there are no simple solutions to those who are
identified as feeling uncomfortable cooking FAPs, as the lack of confi-
dence could be better aligned with unfamiliarity than with lack of
cooking skills.

Other important individual and attitudinal determinants related to
increasing the probability to consume FAPs at least once a week are:
contain little fat (9.0%), appearance —freshness and presentation-
(6.4%), the brand and labelling (4.6%), the origin of the product (4.6%)
and the environmental, social or ethical impacts (4.4%). With regard to
labels and environmental impacts, Almendarez-Hernandez et al. (2017)
and Santeramo et al. (2017) found that there is a higher frequency of
consumption for consumers who care about eco-labels and environ-
mental issues. In fact, some studies suggest that consumers are willing to
pay premiums for products labelled as certified according to the stan-
dards of Aquaculture Stewardship Council (Banovic et al., 2019;
Bronnmann and Asche, 2017; Bronnmann and Hoffmann, 2018; Hinkes
and Schulze-Ehlers, 2018), Marine Stewardship Council (Bronnmann
and Asche, 2017; Bronnmann and Hoffmann, 2018; Chen et al., 2015;
Wakamatsu and Miyata, 2017) or Naturland (Hinkes and Schulze-
Ehlers, 2018), or labelled as produced with a more sustainable alter-
native process such as Integrated Multitrophic Aquaculture or Closed
Containment Aquaculture (Yip et al., 2017). Concerning the appearance
(freshness, presentation, etc), Almendarez-Hernandez et al. (2017), Can
et al. (2015), Hall and Amberg (2013), Kumar et al. (2008) and Yousuf
et al. (2019) found similar results for fresh products, with higher con-
sumer consumption rates than other presentations. Other studies have
stated that consumers are willing to pay more for fresh seafood pre-
sentations than for other frozen presentations (Ankamah-Yeboah et al.,
2019, 2018; Bronnmann and Asche, 2017; Davidson et al., 2012), while
specifically for farmed salmon, consumers are willing to pay more for
redder colour options, even after knowing that the red colour is artifi-
cially added (Alfnes et al., 2006; Olesen et al., 2010, 2006; Steine et al.,
2005). Moreover, other studies have found that fillet presentation is
preferred over whole fish (Ankamah-Yeboah et al., 2019, 2018) and
steak (Thong et al., 2015) presentations.

In addition, according to the literature, the origin of the product is
also an important determinant for consumers’ decisions on seafood,
with consumers having a higher willingness to pay for domestic or local
products than for imported products (Ankamah-Yeboah et al., 2019,
2018; Ariji, 2010; Davidson et al., 2012; Fernandez-Polanco et al., 2013;
Hinkes and Schulze-Ehlers, 2018; Lim et al., 2018; Mauracher et al.,
2013; Rudd et al., 2011; Stefani et al., 2012; Thong et al., 2015; Uchida
et al., 2014; van Osch et al., 2019, 2017; Witkin et al., 2015).

Furthermore, with regard to environmental, social and ethical im-
pacts, according to Schlag and Ystgaard (2013), European consumers
are very concerned about the environmental impact of both wild and
farmed fish. For example, Bronnmann and Hoffmann (2018) found that
the environmental conditions of seafood products have an impact on
consumers’ choices and that consumers’ preference for wild products
was partially related to the negative environmental impact of farmed
products. In fact, some studies have found that consumers are willing to
pay premiums for environmentally friendly products (Fonner and Syl-
via, 2015; Hynes et al., 2019; Lim et al., 2018; Olesen et al., 2010, 2006;
Rudd et al., 2011). On the other hand, lower importance is given to
social and ethical issues. For example, in Germany, Hinkes and Schulze-
Ehlers (2018) found that although consumers are willing to pay pre-
miums for generic fair trade labels, they are willing to pay more for other
certifications who focus more on environmental aspects such as the
certifications by the Aquaculture Stewardship Council and Naturland.

All of these findings can be used by different stakeholders, mainly
retailers, producers and policy-makers, to promote FAPs’ consumption
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in the EU highlighting the healthiness, the taste of the products, the
cheaper protein ingest in comparison with other foods and the ease of
digestion. The retailers and the food industry should provide products
that are easy and quick to prepare, as this strategy is not currently so
common on the market in comparison with other food categories. Other
less important determinants that could be improved are the appearance
of the products, as well as the provision of clearer information regarding
the origin, quality labels, and environmental, social, and ethical im-
pacts. It is important to note that the information about the quality of the
products, environmental, social, and ethical impacts may be added as
voluntary labels as long as they comply with article 39 of the 1379/2013
EU regulation.

Moreover, regarding the distinction between farmed and wild
products, consumers who prefer wild-caught products have a higher
probability of 10.8% to eat them at least once a week. As a matter of fact,
many investigations have shown that consumers are willing to pay more
for wild-caught fish over farmed fish (Ariji, 2010; Bronnmann and
Asche, 2017; Bronnmann and Hoffmann, 2018; Darko et al., 2016;
Davidson et al., 2012; Fernandez-Polanco et al., 2013; Roheim et al.,
2012; Thong et al., 2015; Uchida et al., 2014). This finding reaffirms
how important is the inclusion of the production method (wild-caught or
farmed) as mandatory information for FAPs in the 1379/2013 EU
regulation. Besides, this preference for wild-caught products is in line
with the investigation of Murray et al. (2017) and exhibits a handicap
that aquaculture producers and authorities need to correct by designing
planned programs that can change the negative image of aquaculture
products (Bronnmann and Hoffmann, 2018). In fact, several studies
indicate that consumers describe farmed fish as less healthy and of lower
quality when compared to wild fish (Claret et al., 2014; Verbeke et al.,
2007). On the other hand, some studies have found that the key ele-
ments that conditioned the image and acceptance of the reared fish were
the comparatively low costs, the perception of being an artificial product
and the lack of information regarding sustainable breeding techniques
(Altintzoglou et al., 2010; Claret et al., 2014; Vanhonacker et al., 2011).

Consumers between 65 and 74 years old (baby-boomers’ generation)
or over 75 years old have an increased probability of at least 5.4% and
9.6%, respectively to consume FAPs at home at least once a week. Given
that young people have a lower frequency of consumption at home for
these products, strategies such as product differentiation, online shop-
ping of ready-to-eat or ready-to-cook FAPs may increase their interests.
Some studies in the literature found similarly a higher frequency of
consumption for older consumers (Herrmann et al., 1994; Murray et al.,
2017; Myrland et al., 2000; Thong and Solgaard, 2017).

Results also show that consumers with a household size of 3 persons
or more are more likely to consume FAPs more frequently. The same
result was also found by Islam et al. (2018), Myrland et al. (2000) and
Yousuf et al. (2019). Our results also show that there is a higher fre-
quency of FAPs consumption for those who have a better financial sit-
uation (social class equal or higher than the upper-middle class, and
rarely or never have difficulties to pay their bills). This result is due to
the fact that FAPs are normal goods and is consistent with the in-
vestigations of Can et al. (2015), Cavaliere et al. (2019), Herrmann et al.
(1994), Lee and Nam (2019), Thong and Solgaard (2017) and Yousuf
et al. (2019).

7. Conclusions

The results provide valuable information for different stakeholders
such as fisheries, fish farms managers, retailers, food industry and
policy-makers, which can be used for production improvement, mar-
keting, and policy analysis. The use of an adequate representative
database enhances the robustness and credibility of the results.

The greatest negative marginal effect on the frequency of home
consumption of FAPs correspond to not understanding at all the infor-
mation accompanying the products. Despite this, further analysis is
required to confirm if this result is rather due to not actually paying
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attention to the mandatory information provided by the labels, instead
of not really understanding it. For example, some consumers may have
never read the labels, either because they could have good knowledge of
FAPs based on childhood habits or because they could trust the sug-
gestions made by local fishmongers. Additional studies are therefore
needed to understand how information can be provided in a more
attractive, clearer and easier way and to identify the information needed
by consumers, to analyze and confirm the effectiveness of the current
mandatory information set out in Article 39 of the EU Regulation 1379/
2013.

The findings also highlight the importance of certain attitudes that
increase the consumption frequency at the home for FAPs. These atti-
tudes suggest that one of the main reasons for buying or eating FAPs is
that they are healthy, less expensive than other foods, taste good, easy to
digest, quick and easy to prepare and contain little fat. Similarly, other
attitudes related important aspects for buying fish product such as the
easiness and quickness to prepare, the product’s origin, the product’s
appearance, the brand or quality labels, and the environmental, social or
ethical impacts, also increase the consumption frequency but are less
important than the previous ones. Results also indicate that FAPs are
more frequently consumed by those who: prefer wild-caught products;
are older than 55 years old; live in larger households; have a better
financial situation, are very satisfied with their lives and live in towns
and suburbs or small urban areas. It is also important to note that since
the attitude towards the importance of the cost was not significant in
general, but only for certain groups, producers should risk on looking for
higher quality products that might be more attractive to some con-
sumers despite their higher costs. However, before this, studies that
evaluate the willingness to pay for these new products should be per-
formed to understand the products’ market feasibility and the popula-
tion that might be interested in the product.

The study is not exempt from limitations. As mentioned in the
methodology section, the heteroscedastic ordered probit model could be
extended to account for unobserved heterogeneity. For example, the
zero-inflated ordered probit model with its two-steps structure of a bi-
nary probit component and an ordered probit component could be
proposed to analyse the two underlying states (no fish consumption vs.
fish consumption). It is not unrealistic to suppose that these two states
could greatly differ between countries. This model has been successfully

Table 1
Economic and demographic factors.
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applied in the analysis of low and severe accidents by Fountas et al.
(2020). In addition, the systematic variation could also be analysed
using sub-samples of the consumer population (grouped effects). For
example, the effects of countries or other systematic geographical effects
are likely to occur because consumers can share some cultural back-
ground regarding fish consumption. To that end, a grouped latent class
ordered probit model with class-probability functions can be used to
study the determinants that affect fish consumption at home in the EU.
This type of models has been used by Fountas et al. (2018) to compare
two latent class models (one based on segments and other based on
accidents) that analyse the vehicle accident-injury severities in the state
of Washington. Nevertheless, a word of caution for the search of more
sophisticated models that better accommodate the unobserved hetero-
geneity is needed here as the payoff is usually manifested in terms of the
difficulties in interpreting the parameters. Thus, a better model fit is
usually accompanied by an arduous task of interpreting the results into
something meaningful to describe the behaviour of fish consumption at
home.
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Appendix A

Tables 1 and 2

Factor Frequency trend Supporting studies
Gender Higher frequency of consumption for women Can et al., 2015; Cavaliere et al., 2019; Thong and Solgaard, 2017
Higher frequency of consumption for men Islam et al., 2018
Age Higher frequency of consumption for older people Herrmann et al., 1994; Murray et al., 2017; Myrland et al., 2000; Thong and Solgaard,

Higher frequency of consumption for younger people
Higher frequency of consumption for a larger household
size

Higher frequency of consumption for a shorter household
size

Higher frequency of consumption

Lower frequency of consumption

Higher frequency of consumption for a higher education
level

Higher frequency of consumption for a lower education
level

Higher frequency of consumption for a higher income

Household size

Presence of young children

Education level

Income

Higher frequency of consumption for a lower income
Higher frequency of consumption for being married or
living with a partner or family

Higher frequency of consumption for being single

Higher frequency of consumption for a higher social class

Married or living with
partner or family

Social class
Household head
survey is the head of the household

Higher frequency of consumption if the head of the
household works

Household head working

Higher frequency of consumption in the respondent of the

2017
Can et al., 2015; Cavaliere et al., 2019
Mpyrland et al., 2000; Yousuf et al., 2019

Islam et al., 2018; Thong and Solgaard, 2017

Myrland et al., 2000; Terin, 2019; Thong and Solgaard, 2017
Herrmann et al., 1994
Can et al., 2015; Cavaliere et al., 2019; Islam et al., 2018; Myrland et al., 2000

Yousuf et al., 2019

Can et al., 2015; Cavaliere et al., 2019; Herrmann et al., 1994; Lee and Nam, 2019;
Terin, 2019; Thong and Solgaard, 2017; Yousuf et al., 2019
Almendarez-Hernandez et al., 2017

Cavaliere et al., 2019; Kumar et al., 2008; Thong and Solgaard, 2017

Can et al., 2015
Islam et al., 2018
Terin, 2019

Terin, 2019
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Table 2
Individual and attitudinal factors and product attributes.
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Factor

Frequency trend

Supporting studies

Attitude or favourability toward
seafood products
Product presentation

Freshness
Ecolabels and environmental issues

Habitual consumers or being used to
eating the product

Weight control (low calories and low
fat)

Safety

Recreational fish participation

Lifestyle-related to the level of
physical activity
Childhood consumption

Subjective knowledge related to
seafood production

Price or cost

Inconvenience

Higher frequency of consumption for a positive attitude or favourability
toward seafood products

Higher frequency of consumption for consumers who prefer fresh products
over other presentations

Higher frequency of consumption for a higher freshness of the product
Higher frequency of consumption for consumers who care about eco-labels
and environmental issues

Higher frequency of consumption for habitual consumers or who are used to
eat some seafood products

Higher frequency of consumption for consumers that value as important that
the seafood products have low calories and fat

Higher frequency of consumption for consumers who are satisfied with the
safety of the product

Higher frequency of consumption for consumers who care about the safety of
oysters and are experts on judging its safety

Higher frequency of consumption for consumers who are involved in
recreational fish activities

Higher frequency of consumption for consumers who execute physical
activities more often

Higher frequency of consumption as adults for consumers who consume
seafood frequently when they were children

Higher frequency of consumption at home for more knowledgeable
consumers

Lower frequency of consumption for a higher price or cost

Lower frequency of consumption for consumers who are uncomfortable

Kumar et al., 2008; Lee and Nam, 2019
Almendarez-Hernandez et al., 2017; Can et al., 2015;
Kumar et al., 2008; Yousuf et al., 2019

Hall and Amberg, 2013; Kumar et al., 2008
Almendarez-Hernandez et al., 2017; Santeramo et al.,
2017

Santeramo et al., 2017; Yousuf et al., 2019

Thong and Solgaard, 2017

Lee and Nam, 2019

Santeramo et al., 2017

Herrmann et al., 1994

Myrland et al., 2000

Murray et al., 2017

Almeida et al., 2015

Hall and Amberg, 2013; Lee and Nam, 2019; Terin, 2019;

Thong and Solgaard, 2017
Murray et al., 2017; Thong and Solgaard, 2017

cooking or preparing seafood
Wild vs. farmed seafood distinction
seafood
Familiarity
aquaculture products

Lower frequency of consumption of shrimp and mussel for consumers who
give importance to the familiarity of the food
Higher frequency of consumption for consumers who care about health issues

Health
of the product

Lower frequency of consumption for consumers who care about health issues

of the product
Sensory qualities (smell, texture,

taste) sensory quality of the product

Lower frequency of consumption for consumers who value oysters as tasty
Higher frequency of consumption for consumers that eat other aquaculture

Other seafood consumption
products apart from fish

Lower frequency of consumption for consumers who do not purchase wild

Higher frequency of consumption for consumers who are familiar with

Higher frequency of consumption for consumers who consider important the

Murray et al., 2017

Hall and Amberg, 2013

Thong and Solgaard, 2017

Can et al., 2015; Murray et al., 2017; Thong and Solgaard,
2017

Santeramo et al., 2017

Thong and Solgaard, 2017

Santeramo et al., 2017
Terin, 2019

Appendix B. Supplementary data

Supplementary data to this article can be found online at https://doi.

org/10.1016/j.foodqual.2020.104085.
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