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Abstract. The application of biotechnology and genetics to plant science and agron-
omy is at the basis of the new breeding techniques, including Genome Editing (GE).
A choice experiment was undertaken to investigate Italian consumers’ preferences for
bread made with gene-edited wheat. Respondents were randomly assigned one of the
two versions of a questionnaire, including either a neutral or negatively biased defini-
tion of GE. Results demonstrate that the information effect is limited, which confirms
that consumers are struggling to understand new breeding techniques. The scientific
community should therefore develop better communication strategies for society to
comprehensively understand biotechnologies and support policymakers in the defini-
tion of informed regulations.
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1. INTRODUCTION

In spite of over a half century-long global agricultural productivity
growth (FAO, 2017), food security is still an issue, as almost 800 million peo-
ple are undernourished and more than 150 million children under the age
of five face stunted development (FAO, 2016). The scenario is indeed expect-
ed to worsen, as food systems experience growing pressure due to climatic
and demographic changes. While the demand for food is expected to per-
petuate its positive trend, production is experiencing growth constraints, as
a consequence of the physical limitations of land, water and fisheries, as well
as global, often anthropogenic, climate change and extreme weather events
(Myers et al., 2017).

Scientists and practitioners worldwide are involved in the development
of new, innovative strategies and technologies to adapt to, and mitigate, the
vulnerability of food systems, and stem food insecurity. Agricultural reorien-
tation and transformation, together with global and national policies to sup-
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port fair distribution of resources, are now mandatory to
ensure food security, which is the fundamental presup-
position of sustainable development (Pecl et al., 2017).
On the one hand, holistic and agroecological approaches
propose to overcome the conventional, industrial para-
digm, in favour of alternative and resource-conservative
approaches, such as permaculture, urban agriculture,
precision agriculture, digital farming (Pigford et al.,
2018). On the other hand, the application of biotechnolo-
gy to plant science, as in conventional genetic modifica-
tion (GM) and new breeding techniques (NBTs) provides
methods and tools to accelerate breeding and domes-
tication, thus allowing the selection and transmission
of specific genetic traits to obtain resistant and resilient
plant varieties (QDsterberg et al., 2017). Among the NBTs,
Genome Editing (GE) is a genetic engineering method
which enables modification, replacement, insertion and
deletion of genetic material in specific locations of the
genome of a living organism, thus generating changes
in specific physical traits. To be more specific, while GM
is based on the transfer of genes among very distantly
related, and sexually incompatible, organisms, GE mim-
ics domestication and natural mutagenic events, speed-
ing up traditional breeding processes (European Com-
mission, 2017). According to some scholars, NBTs are
not necessarily in contrast with agroecology: in fact, giv-
en their potential to produce vegetable varieties which
demand less or no chemical, synthetic, and potentially
harmful inputs, while reducing natural resource deple-
tion, NBTs may directly promote and support sustain-
ability in agriculture and food production (Ryffel, 2017).
A growing share of consumers appreciate sustain-
able production systems, and related “green” food prod-
ucts. The positive attitude towards agroecology is related
to the growing demand for quality food and concerns
over food safety, as well as limited trust in the agrifood
industry, and ethical considerations on resource deple-
tion and environmental impact of human activities (Vit-
tersg, Tangeland, 2015). On the contrary, especially in
Europe, biotechnologies are often conceived as risky and
potentially harmful to both humans and nature (Lucht,
2015; Malyska et al., 2106), even though public aware-
ness and knowledge on these topics is limited, and often
negatively biased (Bertuol-Garcia et al., 2018; Helliwell et
al., 2017; McFadden and Lusk, 2016). Indeed, while dif-
ferences and definitions are clear among practitioners
and experts, non-technical communication and dissemi-
nation on biotech are generally simplistic and reduc-
tionist, and superficially present different techniques as
part of a heterogeneous whole of complex, obscure and
risky technologies. Ruling institutions as well are some-
times unable to identify complete definitions (Halford,
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2019). As an example, in 2018 the Court of Justice of
the European Union decided that organisms obtained
by mutagenesis are Genetically Modified Organisms
(GMOs) (Court of Justice of the European Union, 2018),
and should therefore comply with the European GMO-
Directive (2001/18/EC), imposing obstacles and limita-
tions for the application of consolidated and efficient GE
techniques (Wasmer, Robienski, 2018).

The literature demonstrates the ambiguous relation-
ship between consumers and biotech food: while trans-
genic and cisgenic food products are often opposed a
priori, the framing used to present different technolo-
gies may alter consumers’ opinions and preferences (De
Marchi et al., 2018; Harvey, 2018; McFadden, Smith,
2019). The application of biotechnologies to food produc-
tion is an example of “post-normal science”, a scientific
issue with prominent ethical, legal and social implica-
tions, whose risks and benefits demand to be assessed
under different perspectives (Brossard et al., 2019). The
aim of this paper is to deepen knowledge of consumers’
opinion on GE, and how clear communication on this
topic may influence public acceptance of this technology.
To this end, a Choice Experiment (CE) was undertaken
with Italian consumers, who were asked to state their
preferences for a novel bread product made with flour
from GE wheat. In order to test for information effect,
respondents were randomly assigned one of the two ver-
sions of the questionnaire, including either a neutral or
a negatively biased definition of GE. The results demon-
strate that the information effect is limited, if not irrele-
vant, which confirms that consumers are still struggling
to effectively understand what NBTs and GE are.

In the next section, we briefly discuss the literature
on GM and GE, and on consumers’ preferences for bio-
technologies. Section 3 describes the methodology and
data used for the analysis. Results are presented in Sec-
tion 4. Section 5 draws the conclusions and the limita-
tions of the research.

2. BACKGROUND

Through domestication, humans started controlling
the reproduction and dispersal of other species to bet-
ter satisfy their needs (Purugganan, 2019). The selection
process remained mainly intuitive and elementary up
until the 19t century, with the publication of Mendel
and Darwin’s studies on trait inheritance and evolution
of the species. During the following century, the evolu-
tion of the field of genetics confirmed these intuitions,
with the decryption of the DNA, the discovery of the
mechanisms through which genes are transmitted from
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parents to offspring, the effects of gene mutations and
the development of genetic techniques to induce DNA
alteration. The new discoveries were rapidly applied
to crop science and, together with the introduction of
machinery and synthetic fertilizers, strongly contributed
to the improvements in agricultural productivity during
the 20" century (Pellegrini, Ferndndez, 2018).

More recently, since the 1980s, transgenic tech-
niques have been developed to precisely target spe-
cific genes, and directly alter DNA in order to obtain
the desired modifications (Tagliabue, 2016). With the
first generation of GM techniques, the DNA of crops
and animals could be altered with the addition of spe-
cific genes, in order to produce individuals with specific
characteristics (Bawa, Anilakumar, 2013; Krishna et al.,
2016).

Further evolution of biotechnologies led to the
development of NBTs, through which it is now possible
to transfer specific genes or DNA fragments between
conspecific organisms or sexually compatible species, or
precisely edit, crop or insert genetic material of plants,
animals and humans (Hartung, Schiemann, 2014; Maaf}
et al., 2019). Among the broad category of NBTs, GE
refers to a set of molecular approaches, which allow
scientists to deliver deletions or integrations of genetic
material fragments, or entire genes, in specific DNA
sites, thus inducing desirable mutations (Jouanin et al.,
2018; Lassoued et al., 2019). Besides functional genom-
ic research, GE can be used to improve yield, qual-
ity of crop varieties, and biotic and abiotic stress resist-
ance (Bao et al., 2019). GE-induced DNA mutations are
technically analogous to spontaneous mutations, even
though non-random and precisely aimed at producing
the desired genetic traits. In other words, GE accurate-
ly and time-efficiently replicates natural evolution and
selective crossbreeding, bypassing the need to grow sev-
eral plant generations to obtain a specific genetic combi-
nation (Morgante, Di Gaspero, 2017; Ricroch, 2019).

Food, and its production methods, being one of the
main pillars of human civilization, culture and iden-
tity, the introduction of disruptive innovations in these
fields is not straightforward. In fact, the way we choose,
produce and consume food contributes to defining our
individual and communal identity. As values and tech-
nology proceed at different speed and on different paths,
mismatch and contrasts may occur between culture and
ethics on the one hand, and science on the other. Since
the introduction and early diffusion of modern biotech-
nologies, scholars and practitioners have looked into
consumers’ acceptance of biotechnologies. American
and Asian consumers seem to be more positive about
GM and NBTs (Gatica-Arias et al., 2019; Oz et al., 2018;

Lucht, 2015; Son, Lim, 2021). While several studies show
that public opinion in the EU is averse to biotechnolo-
gies (Bredahl, 2001; Delwaide et al., 2015; Special Euro-
barometer 354, 2010), recent evidence from the litera-
ture suggests (Hess et al., 2016; Wolfe et al., 2018) that
European consumers are not more reluctant to accept
GMOs and biotech food; in line with these results, the
latest Special Eurobarometer Survey on Food Safety in
Europe (EB91.3, 2019) registered fewer negative views on
GM food. According to Harvey (2018), the introduction
of new technologies could create ethical unrest, as also
described in Kato-Nitta et al. (2021), whose results high-
light the emotional hurdle associated to the application
of gene editing techniques to livestock. The differences
in perceptions among the public reflect the complex-
ity of the topic and the factionalism and partisanship it
causes. Civil society organizations, NGOs and agricul-
tural organizations have largely contributed to the polar-
ization of public opinion through anti-GM food advo-
cacy actions, propaganda and political pressure (Frewer,
2017; Oliveira et al., 2006; Welsh, Wynne, 2013), and
they have recently raised similar concerns for GE (Helli-
well et al., 2019); furthermore, science communication in
the mass media is often centred on controversial report-
ing, politicized issues, and PR efforts (Schifer, 2017).
Moreover, the uncertainty of the legal framework, in the
EU in particular, is slowing down the adoption of NBTs
(Hundleby, Harwood, 2019). In addition to these ele-
ments, differences in perspectives and language between
policymakers and scientists limit the possibility of cur-
rent scientific literature to effectively and reliably sup-
port decision-making (Catacora-Vargas et al., 2018).

As a result of a confusing public discourse, the rela-
tionship between information and consumers’ accept-
ance of biotechnologies and GE is not yet clear. Indeed,
while some studies demonstrate that positive commu-
nication on environmental and individual benefits may
increase the acceptance of GM and GE foods (Beghin,
Gustafson, 2021; Lusk et al., 2004), according to Wuep-
per et al. (2018) the role of information is negligible.
This ambiguity reflects the complexity of the relation-
ship and interactions between information and con-
sumer behaviour, which have been widely addressed in
the literature. While the neoclassical assumptions of
perfect information and rational agency of consumers
are merely theoretical (Nelson, 1970; Welsch, Kiihling,
2010), new institutional approaches recognize the exist-
ence of information asymmetry and stress the need to
provide as much information as possible to support con-
sumer choice (Kherallah, Kirsten, 2002). Behavioural
economics approaches suggest that emotional and moti-
vational factors may alter information perception, hence



reduce rationality in consumer behaviour (Slovic et al.,
2002); furthermore, Grunert and Wills (2007) state that
consumers’ interest in information on food varies across
situations and products. More recent evidence sug-
gests that consumers often receive poor quality infor-
mation, in terms of clarity and verifiability, and this, in
turn, hampers its trustworthiness and usability (Oehler,
Wendt, 2016). In view of all that has been mentioned so
far, the analysis and correct use of information is a non-
trivial problem, especially when introducing food tech-
nology innovations (Raley et al., 2016).

3. MATERIALS AND METHODS
3.1. The Choice Experiment

To improve our knowledge about consumers’ opinion
on GE, and to identify the role of clear communication
on public acceptance of gene-edited food, we conducted a
survey including a Choice Experiment (CE). This method
is based on the principle that goods differ in their char-
acteristics, and each combination of characteristics yields
a different good. CE mirrors real purchase decisions
more closely than simple items in surveys, as respondents
are asked to choose from an array of products, and select
the one they prefer. CE combines insights from Lancas-
ter’s consumer theory (1966), the psychological process-
es of judgment and decision making (Hammond, 1955;
Anderson, 1970), and McFadden’s random utility model
(1974). In detail, Lancaster’s consumer theory states that
consumers’ utility derived from a good is the sum of the
utilities derived from its characteristics; in mathematical
terms this condition is formally expressed as:

Uni:U(Xni’sn)

where consumer n’s utility from good i depends on a
vector of characteristics x of the good, and on the con-
sumer’s socio-economic characteristics S. Secondly, the
psychology literature includes discussions about how
consumers evaluate items, and use these evaluations in
choosing among items. Finally, the random utility the-
ory (McFadden, 1974) states that the utility function of
each respondent is the sum of a deterministic part (i.e.
a function of factors that influence the respondent’s
utility) and a stochastic random component, which is
unobservable; while the researcher is not able to directly
measure respondent utility, he can however observe con-
sumers’ choices.

According to this framework, consumers are
assumed to maximize their expected utility when choos-
ing among different alternatives that return distinct levels
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of benefit. In a CE, the alternatives are decomposed into
their key attributes, then a range of levels are associated
to each attribute. With the experimental design it is then
possible to create different choice sets. The overall utility
of an alternative can be decomposed into separate utili-
ties for its attributes, and becomes a function of alterna-
tive characteristics. Such a design allows researchers to
estimate the effect or value of each product characteristic
on respondents’ stated choices. CE was originally applied
to marketing research and transport literature, but has
recently been extended to food and agriculture research
(Hauber et al., 2016; Lancsar et al., 2017; Louviere, Wood-
worth, 1983). A number of applications could also be
found in the field of bread products.

Since consumers’ interest towards food knowledge
is basic, and information is essential to convey the exist-
ence of the characteristics desired by consumers (Aker-
lof, 1970), it is interesting to enhance the analysis of the
effect produced by the provision of information when
choosing products.

3.2. The survey

To analyze consumers’ preferences towards GE tech-
niques, and to verify the abovementioned role of infor-
mation on consumers’ choices of food produced using
GE, we conducted a survey among Italian consumers.
Data were collected from 2017 to 2018 through a face-
to-face questionnaire with citizens in the Friuli Venezia
Giulia Region, an area of North-Eastern Italy, bordering
Austria and Slovenia to the north and east, the Veneto
Region to the west, and Adriatic Sea to the south. As is
usual in this kind of research, interviewees were con-
tacted in the main lobby area of a number of super-
markets and groceries, in order to mirror at least partly
the point-of-sale context. In detail, three trained inter-
viewers randomly encountered consumers who stepped
out. A number of studies aimed at exploring consum-
ers’ preferences and behaviour were conducted by using
convenience samples (Garavaglia, Mariani, 2017; Nasir,
Karakaya, 2014; Thach, Olsen, 2006). Only citizens over
17 years of age were contacted.

To be able to elicit WTP for GE products we per-
formed an empirical analysis based on a CE. According
to Valente and Chaves (2018) several studies involving
GM food used the stated preferences methods, either
contingent valuation or the CE methodology, to find a
price premium, but only a few investigated willingness to
pay (WTP) for GE food by using a CE (e.g. Edenbrandt et
al., 2018; Muringai et al., 2020; Shew et al., 2018).

In our experiment, bread was chosen as a product
for which the notion of gene-edited food is meaningful.
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We decided to use this specific food product, as several
focus group discussions, conducted with ten researchers,
operators, consumers and technicians, indicated it as the
most suitable, reasonable although not neutral product
when comparing the preferences of consumers towards
new breeding techniques used to cultivate wheat.
According to Aerni (2011), bread is a product which
every consumer is familiar with, even though its per-
sonal, cultural and religious connotations may influence
respondents. The literature provides several examples of
investigations of consumers’ preferences towards bread
attributes with a CE (e.g. Edenbrandt et al., 2018; Hu et
al., 2005; Wuepper et al., 2018); however, to the best of
our knowledge, no study has been conducted including
both the GE attribute and controlling for information on
this technique provided to respondents.

The experimental design process was based on
focus groups and pilot testing to develop a question-
naire which included a definition of the GE technique.
With the aim of analyzing the effect of question word-
ing (Kolodinsky, DeSisto, 2004) when expressing pref-
erences towards GE products, two treatment groups
were used, which differed by the inclusion or omis-
sion of stakeholders’ opinions (i.e. long/negative and
short/neutral information treatment) on potentially
consequences of GE. The formulations of the descrip-
tions were discussed and pointed out during the above-
mentioned focus groups. Participants were randomly
presented either the long or short information treat-
ment according to a simple randomization method.
The information effects for short and long information
treatments were subsequently analyzed to understand
the impact on consumers’ preferences and valuation.
More in detail, we decided to test whether the esti-
mated information effects could provide a foundation
for identifying different consumers’ WTP. Both formats
provided respondents with this definition (English
translation, original in Italian):

«Several studies show that genetic improvement already
exists in nature and man has encouraged it for thousands
of years with the selection and domesticating of plants
up to current biotechnologies, which allow to more to be
produced, consuming fewer resources and reducing pol-
lution. Through the “targeted modification of the genetic
heritage” (genome editing) any favourable mutation can
be produced in a cultivated variety (e.g. wheat) without
introducing new genes. The result is a wheat resistant to
diseases and cultivable reducing the use of chemicals and
water»;

while the following sentence was included exclusive-
ly in the long information treatment:

«According to some farmers and environmentalists, the
“targeted modification of genetic heritage” could cause
many chain, unexpected and negative mutations with
possible implications for the safety of food, feed and the
environment. Furthermore, they highlight the ethical
issues arising from improper or uncontrolled use of these
techniques».

3.3. The questionnaire

The questionnaire was designed to familiarize
respondents with different technologies used for wheat
crop and breeding techniques, and then elicit prefer-
ences. In detail, the questionnaire consisted of two parts.
The first part included questions on socio-demographic
characteristics and generic food consumption prefer-
ences. With the aim of easing comparison with previ-
ous studies conducted to identify preferences towards
these technologies, this first section of the question-
naire was based on the topics of the Special Euroba-
rometer 354 (2010). Because of the potential presence
of opinion about this specific topic among respondents,
a set of 4-point Likert scales (1 = “completely disagree”,
4 = “completely agree”) were used to measure opinions
about different crop techniques (i.e. GM, GE, organic,
traditional/conventional). A vast amount of study has
been done on the impacts of including or not includ-
ing a midpoint in the scale (e.g. Boone, Boone, 2012;
Chyung et al.,, 2017). given that respondents could
either have already formed their opinion on the survey
topic (Johns, 2005) or have little or no involvement in
it (Weems, Onwuegbyzie, 2001), we decided to omit the
midpoint and offer instead the “I do not know” option.
Following Chyung et al. (2017) the “I do not know”
option was not presented as a separate option off the
scale in order to take into consideration the characteris-
tics of collected data. The CE was included in the second
section. CE attributes and their levels were identified
through preliminary focus group discussions. A total
of five attributes were set to examine the interactions
between different characteristics of bread we presented
in this experiment (Tab. 1).

The country of origin (COO) of wheat (Triticum
aestivum L.) attribute was chosen as in focus groups it
emerged as one of the defining elements of bread. Given
that the literature demonstrates that consumers are will-
ing to pay more for domestic food products, we included
Friuli Venezia Giulia Region, other Italian Regions, and
the rest of the world as possible alternatives. In addi-
tion, as regards breeding techniques, previous works
on the interaction effect of GM and COO attributes on
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Tab. 1. Attributes and levels in the choice experiment design.

Attributes Levels

Friuli Venezia Giulia Region,
Other Italian Regions,
Other countries

Country of origin of wheat

Flour “00”, whole-wheat (or wholemeal)

Yes, No

Genome editing,

Genetic modification,
Conventional breeding techniques
2,00; 3,00; 4,00

Organic

Agricultural biotechnology

Price (€/kg)

Source: our elaboration.

consumer preference showed that respondents exhibited
heterogeneous preference for the origin of GM products
(Gao et al., 2019). Furthermore, referring to bread, Kim
et al. (2017) demonstrated that consumers are more will-
ing to accord a premium for local wheat.

The second attribute we took into consideration was
the flour type, either “00” or whole wheat. The name 00
(as in zero zero) refers to refined white flour, made using
only the grain endosperm. The grading system, ranging
from 2 to 00, indicates how finely ground the flour is
and how much of the bran and germ has been removed.
In detail, 00 is the most refined one, and presents the
lowest level of bran content. This type of flour is used for
both pasta and bread making, and is the most common
commercial wheat flour. Whole-wheat (or wholemeal)
flour is made milling all parts of the grain (i.e. bran,
germ and endosperm). Because of this process, it has a
brownish appearance, but its nutritional profile is supe-
rior to 00 flour.

Organic certification was also included as a variable
attribute describing wheat production with two levels,
i.e. present or absent. The inclusion of this attribute was
decided as multiple studies (e.g. Bernard et al., 2006)
point out that simple GMO-free food is considered just
as important to consumers as organic food. Accord-
ing to Christensen et al. (2020) consumers with posi-
tive preferences for organic products generally also tend
to have healthy eating habits. Furthermore, Bartkowski
et al. (2018) pointed out that different factors influence
acceptance of genetic engineering (e.g. breeding tech-
niques, breeding goals and cultivation methods, includ-
ing organic).

Besides conventional breeding techniques to culti-
vate wheat, both GM and GE were taken into considera-
tion since our objective was to compare different types
of agricultural biotechnologies. According to Friedrichs
et al. (2019) GE has already been successfully used with
agricultural crops, improving the efliciency of plants and
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offering the possibility of new methods for the control of
pests. However, the rapidly growing use of GE has policy
implications and instigates human health and environ-
mental safety considerations. Moreover, moral implica-
tions can be part of the debate (Harvey, 2018).

Three price levels were chosen, based on both retail
prices and the Italian Institute for Monitoring Agro-
Food price reports for bread (ISMEA, 2016).

By means of a fractional factorial orthogonal
design, which was generated with the SPSS® software,
18 alternatives (i.e. profiles) were selected. These alter-
natives were randomly combined into six choice sets
involving the comparison among different breads with
varying levels of the attributes. An example choice set
taken from the final questionnaire is provided in Table
2. Each choice task required respondents to choose
among three hypothetical bread products defined
according to the attributes, and the “opt-out” alterna-
tive, to give the respondents the freedom of choice they
have in real market situations. The respondents were
also informed that, except for these attributes, the three
types of bread did not differ in any other aspect. They
were then asked to consider the choice tasks as separate
situations and answer each choice set. Moreover, bread
attributes were described in the survey, so that inter-
viewers could explain differences among levels. Further-
more, following good practice in conducting CE, the
choice sets were shown in colour pictures to the survey
participants. The dependent variable, i.e. what alterna-
tive respondents chose, takes on four values (three alter-
natives and “neither of these” alternative). Field testing
with randomly selected respondents was conducted and
50 consumers filled in the pilot questionnaire provid-
ing feedback on survey comprehension, technical ease
and length. This pre-test resulted in a number of minor
changes in the formulation of questions.

Three trained interviewers collected the question-
naires through face-to-face interviews. As usual in this
kind of study, respondents were contacted in the main
lobby area of some supermarkets. Following Rossi et
al. (2013), people were contacted every day of the week,
at different times of the day. Every third person was
approached (if unwilling, the following one was asked).
Prior to the actual participation, interviewees had to
confirm to be over 17 years old and have full or partial
responsibility for food shopping in their households.

3.4. Model specification

Choice experiment data were analyzed with NLog-
it6°. The utility function we first considered is illustrated
as follows:
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Tab. 2. A choice set example (English translation, original in Italian).

SET 1

Attribute Alternative 1 Alternative 2 Alternative 3 Alternative 4
Price/kg of bread €2,00 € 3,00 € 4,00 None of these
Origin of wheat Erei;l(i):enezia Giulia Other Italian Regions Rest of the world

Agricultural biotechnology ~ Genome editing

Organic wheat No Yes
Flour type “00” “00”
Which bread would you

most likely buy? © ©

Conventional breeding

Genetic modification
No
Whole-wheat

O @)

Source: our elaboration.

U(x;) = OPT-OUT + B,-FVG; + B, ITALY; +
B; TECCONV; + B, TECGE, + 35-ORGANIC; + 6))
Be-00FLOUR; + Byyic-PRICE,

where OPT-OUT is the dummy for the “none of these/
no choice” option, FVG is the dummy for wheat pro-
duction in Friuli Venezia Giulia Region; ITALY is the
dummy for wheat production in the remaining Ital-
ian Regions; TECCONYV is the dummy for the use of
conventional agricultural practices attribute; TECGE
is the dummy for Genome editing practices attribute;
ORGANIC is the dummy for organic wheat; 00FLOUR
is the dummy variable for the 00 flour option; PRICE is
the price of bread (€/kg). The P, coeflicients can be read
as the marginal utilities of each attribute of the utility
function.

An RPL model was estimated using a dummy vari-
able to point out differences in respondents’ prefer-
ences. This dummy variable interacted with all the
bread attributes included in the questionnaire, giving
us the opportunity to verify the effect of information on
respondents’ choices. In detail, the following function
was used to estimate the model:

U(x;) = OPT-OUT + XB;-A; + Xpi-A; - LongInfo + 2)
Bprice’PRICEi

where A is a vector of all attribute levels apart from price,
B, is a vector of the n — 1 attribute levels coeflicients,
LongInfo is the interaction dummy for the presence of
long information, and ;. is the price coefficient.

The variables taken into consideration were dum-
my coded, with the exception of price levels, and five
parameters (conventional breeding technique, GE tech-
nique, “00” white-flour, organic wheat, FVG Region
for wheat origin and rest of the world for wheat origin)
brought heterogeneity in interviewees” preferences. In

the model specification, we assume that all the param-
eters, apart from price, are random and have a normal
distribution.

Secondly, a Latent Class (LC) analysis was con-
ducted to classify respondents according to their evalu-
ation of product attributes when buying bread. In fact,
unlike conventional logit models, in which consumers’
preferences are assumed to be homogeneous, both LC
and RPL models relax the assumption of homogeneity
of preference, hence allowing for heterogeneity. How-
ever, while heterogeneity is accommodated as a continu-
ous function of the parameters (i.e. they are random
underlying some ex-ante specified distribution) in an
RPL model, the LC model can be considered as a semi-
parametric version of the previous model. Indeed, LC
derives heterogeneity from a number of different classes
or groups which are hypothesized to differ significantly
in preferences but have homogeneous within-class pref-
erences. The LC model utility function we used was
similar to Equation (1), with the inclusion of additional
parameters to better describe the class membership.

Both abovementioned methods were used in this
study, as we were not able to draw any a priori observa-
tion on heterogeneity nor to assume whether the differ-
ences in preferences were antipodal among the respond-
ents’ classes. Consequently, taking into consideration the
objective of this study, and according to Sagebiel (2011),
both RPL and LC models were estimated (Boeri et al.,
2020; Yang, Hobbs, 2020).

The presence of the monetary attribute enabled the
premium price, or WTP, to be obtained for each attrib-
ute level. In detail, by means of the RPL it is possible to
estimate the average marginal WTP and the distribution
of frequency of the individual marginal WTP. As the
price coefficient and the coefficients of the attributes are
estimated separately, the marginal WTP can be calcu-
lated:
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WTP = - [3/ Bprice (3)

where the marginal WTP is the marginal willingness
to pay to move from the omitted dummy level to a level
of an attribute; P is the marginal utility of a level of an
attribute; B is the marginal utility of money that is
measured by the coeflicient of the price attribute.

According to Train and Weeks (2005), when dealing
with random parameter models, two different approach-
es can be applied to compute marginal WTP. The first,
defined as in “preference-space”, identifies the distribu-
tion of the parameters in the utility function and derives
the marginal WTP using Equation 3, while in the second
approach, which is defined in “WTP-space”, the research-
er specifies the distribution of the marginal WTP for
each of the parameters in the utility function and then
derives the coeflicients. One great advantage of this sec-
ond approach is to allow a certain degree of heterogene-
ity to be supposed in the monetary parameter (Meijer,
Rouwendal, 2006) that, on the contray, is usually kept
fixed (non-random) in preference-space models (Hoyos,
2010). However, the fit of the model in WTP space could
not be as good as that of the corresponding model in
preference space (Scarpa et al., 2008; Train, Weeks, 2005).
Because of the exploratory aim of this study, and after
comparing the results of both approaches, we applied the
former. The average premium price was calculated, which
is useful in particular in a management context.

Given the aim of the research, interaction terms
were added to the base model to test the effects of infor-
mation. The RPL model was estimated using dummy
variables to highlight the differences in preferences
among respondents receiving different information. In
detail, a dummy variable referring to the respondents
that received the long information treatment was inter-
acted with the bread attributes under analysis in the
utility function used to estimate the model.

Only significant interactions were considered in
the final model. The RPL model was chosen taking into
consideration both the McFadden pseudo-R? and Akai-
ke’s information criterion. To investigate the relation-
ship between premium price and quantity sold we used
the RPL model, which gives the opportunity to ana-
lyze respondents’ heterogeneity and their WTP for each
attribute included in the CE.

Finally, we estimated an LC model to test whether
information similarly affected groups of respondents.

4. RESULTS

A sample of 389 consumers was collected (Tab. 3).
The share of female respondents was 55.3%, which is
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adequately similar to the general regional population
(51.34%) (ISTAT, 2020). The sample includes all the rel-
evant age classes, even though most respondents (40.2%)
fall in the 24-44 years old class, overrepresented with
respect to the regional figure (25.53% of population aged
18 and over) (ISTAT, 2020). Almost half of the respond-
ents had a secondary educational level, while the figure
for the general population is 37.8% (ISTAT, 2021). Inter-
viewees were mainly employed (66%). Data collected
among respondents using different treatments do not
differ significantly (Tab. 3).

The majority of the sample preferred to eat bread
(84.1%), while 7.5% declared their preference for bread-
sticks. 41.6% of respondents declared they regularly eat
bread at meals, while 28.3% only occasionally eat it.
Most respondents (93.6%) affirmed to be familiar with
organic food, and half of the sample sometimes con-
sumed it. With respect to GMOs, respondents who
received the short (neutral) information treatment on
biotechnologies did not develop different views from
those of who received the long, negatively biased, infor-
mation treatment, as summarized in Table 4.

Similarly, Table 5 shows that the two subsamples did
not statistically differ in the identification and ranking
of the main attributes through which they define food
quality.

Tab. 3. Socioeconomic characteristics of the sample (n=389).

Long Info Short Info

Total Treatment Treatment
n. % % %

Gender Female 215 55.3 55.0 55.6

Male 174 44.7 45.0 44.4
Ageclass g4 55 141  13.2 15.0
(years)

25-34 80 20.6 22.0 19.3

35-44 76 19.6 214 17.9

45-54 68 17.5 19.8 15.5

55-64 55 14.1 11.0 16.9

65-74 39 10.0 9.3 10.6

Over 74 16 4.1 3.3 4.8
Education  Primary and lower 52 134 137 13.0
level secondary

Secondary 190 488 484 49.3

Graduate 147 37.8 379 37.7
Employmentp 1 ved 256 658  69.8 62.3
status

Non-employed or 35 3, 35, 37.7

retired

Source: our elaboration.
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Tab. 4. Opinions on GM food.

Tab. 6. RPL model results.

Short info  Long info

Statement treatment  treatment

Mean* (SD) Mean* (SD)
GM food is good for the Italian economy 2.77 (1.21) 2.71 (1.20)
GM' food is not good for you and your 3.40 (120) 3.66 (1.17)
family
GM food is safe for your health and your
family’s health 2.68 (1.19) 2.37 (1.12)
GM fo.od helps people in developing 3.13 (1.30) 3.00 (1.31)
countries
GM food is safe for future generations 2.62 (1.11) 2.43 (1.08)
GM food benefits some people but puts
others at risk 3.54 (1.22) 3.68 (1.21)
The development of GM food should be 262 (1.38) 2.51 (1.42)

encouraged

* Results referred to a 4-point Likert scales (1 = “completely disa-
gree”, 4 = “completely agree”).
Source: our elaboration.

Tab. 5. Most relevant food quality attribute.

Short info
treatment
135 (65.22%)
45 (21.74%)

Long info
treatment
118 (64.83%)
44 (24.18%)

Attribute

Organic production method
Conventional production method

GE technology 22 (10.63%) 18 (9.89%)
GM technology 5(2.41%) 2 (1.10%)
Total 207 (100%) 182 (100%)

Source: our elaboration.

RPL and LC models were estimated and results are
reported in Table 6 and 7.

The RPL model was estimated using the simulated
maximum likelihood method with 1,000 Halton draws
with all attributes but price being randomly and nor-
mally distributed. The price coefficient was modelled
as a fixed parameter (Lusk et al., 2003). The RPL model
has a reasonably good fit (McFadden Pseudo R-squared
= 0.32). All the coeflicients are statistically significant
(p<0.05), indicating that the attributes were important in
determining bread purchase intentions among respond-
ents. As anticipated, the price coefficient is negative and
all the other signs are as expected.

The different information treatment employed in
our study (i.e. long and short information treatment,
including or omitting opinions about potential negative
consequences of the use of GE) does not seem to pro-
vide useful knowledge on how information may influ-
ence respondents’ purchase behaviours. Table 6 presents

WTP (€/ 95% Confidence
Coef. kg) Interval

Random parameters in utility function
Opt out -1.620%**
Conventional practices 2.890*** 7.76 4.72 13.68
GE 2379 6.39 3.80 11.44
00 Flour -0.308* -0.83 -1.37 0.23
Organic flour 1.014*** 2.72 1.16 5.76
Other countries 2,497 -6.71 -6.47 -7.17

Friuli Venezia Giulia

Region 1.061%* 2.85 1.53 5.41

Nonrandom parameters in utility function

Price -0.372%**

Heterogeneity in mean parameter: Variable

Opt out x long information -0.291
Conv.entlonal Practlces X 0285
long information

GE x long information 0.088

00 Flour x long information -0.123
Organic flour x long

. . -0.037
information
cher copntnes x long 0511
information
Friuli Venezia Giulia 0,071

Region x long information

Derived standard deviations of parameter distribution

Coeff.
Opt out 4.636%*
Conventional practices 2.386%**
GE 2.024%%*
00 Flour 0.695%**
Organic flour 0.860%**
Other countries 2.788%**
Friuli Venezia Giulia L264%%*

Region

*** significant at the 99% level; ** significant at the 95% level; * sig-
nificant at the 90% level; N = 2334; R-squared = 0.315; Log likeli-
hood = -2216.14; Halton draws = 1000; Coeff. = estimated coeffi-
cient; WTP = willingness to pay.

Source: our elaboration.

firstly the RPL model and WTPs without considering
the effect of different information treatment. On average,
consumers showed the highest WTP for conventional
breeding techniques (€ 7.76/kg), even though WTP for
GE is positive as well (€ 6.39/kg), followed by the local
origin (i.e. Friuli Venezia Giulia Region) (€ 2.85/kg), and
organic production of flour (€ 2.72/kg). Considering the
effect of the different information provided, none of the
variables that interacted with “long information” (i.e.
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Tab. 7. Latent class model statistics.

LCM-2 LCM-3 LCM-4 LCM-5
LL -2420.66  -2259.35 -2246.83  -2207.74
AIC 2.090 1.962 1.960 1.936
BIC 2.137 2.036 2.061 2.065
HQIC 2.108 1.989 1.997 1.983
McFadden pseudo R? 0.252 0.302 0.306 0.318

Source: our elaboration.

information treatment including opinions about poten-
tial negative consequences deriving from the use of GE)
was significant, meaning that the WTP of interviewees
who received this information treatment is not statisti-
cally different from that of respondents who did not.

A three-latent class model was chosen as the best
compromise between interpretability and the evaluation
of the decrease in the Bayesian information criterion
(BIC) and the Akaike information criterion (AIC), which
are commonly used to evaluate model fit in LC analysis
(Train, 2009) (Tab. 7). In addition, according to Nylund-
Gibson and Choi (2018) and Pastor and Gagné (2013),
we took into consideration that a larger number of vari-
ables are statistically significant in the three-class model
than in the four-class one, indicating that the former
outperforms the latter. Furthermore, in line with the lit-
erature, additional criteria to select the optimal number
of classes included, in concordance with a number of
past studies, the statistical significance of the parameter
estimates in each class and the number of observations
in each class (Greene & Hensher, 2003; Pacifico & Yoo,
2012). The results of the three-cluster solution and the
parameters for each segment are shown in Table 8.

LC model results highlight a differentiated set of
preferences among respondents. The three-latent class
model shows that the sample had heterogeneous prefer-
ences and respondents could be divided into classes,
representing 57%, 22% and 21% average class probabil-
ity respectively. Each class is characterized by a differ-
ent structure of preferences. In detail, members of class
one were more interested in GE (WTP € 10/kg) and con-
cerned about “rest of the world” origin of wheat (negative
WTP € -9.93/kg), moreover they gave importance to the
organic certification (WTP € 4.73/kg), the local origin
of wheat (WTP € 4.53/kg), and the use of conventional
agricultural techniques (WTP € 4.4/kg). These respond-
ents could be considered “GE food consumers”. Members
of class two gave more importance to cultivation tech-
niques adopted for wheat. They preferred conventional
wheat production (WTP € 9.23/kg), however they seemed
to be also attracted by GE breeding technique (WTP €
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7.31/kg). Consequently, they could be defined as “sug-
gestible consumers”. Regarding the origin of wheat, they
preferred wheat produced in Friuli Venezia Giulia Region
(WTP € 1.23/kg). Furthermore, considering the organic
production attribute, members of this class preferred
organic wheat (WTP € 2.15/kg) while whole-wheat flour
decreased their utility (negative WTP € -2.23/kg).

Looking at class three, it is interesting to notice how
the price coeflicient was not statistically significant (p
> 0.05). Members of this class who chose the most pre-
ferred alternatives among the proposed bread products
seemed indifferent to this attribute while sensitive to all
the others. We will refer to members of the third class
as “price-insensitive consumers” because of their indif-
ference to the specified price levels (Lanz and Provins,
2013). However, this class strongly preferred bread pro-
duced with conventional techniques, while the foreign
origin of wheat (“rest of the world”) provided negative
utility. It is interesting to observe how the coefficient of
whole-wheat flour for this class is positive, meaning that
respondents’ purchase decisions were positively influ-
enced by this characteristic. Moreover, they preferred
organic production.

In the attempt to better explain class probabil-
ity, socio-demographic and behavioural variables were
included in the LC model; however, we found that these
were not generally significant in explaining the probabil-
ity of class membership. We retained the most signifi-
cant socio-demographic variable, which is “female”. In
detail, this variable had a negative coeflicient relative to
the second class. This result means that female respond-
ents were much more likely to fall into the first or third
latent class.

With respect to the two information treatments, the
long information did not have any significant impact,
and it is not statistically significant in any latent class.
Consequently, apart from confirming heterogeneity in
respondents’ preferences for the proposed bread, the LC
model analysis did not allow us to identify at least one
group of respondents for which the different information
treatment could be considered a characteristic of the
preference heterogeneity.

The ASC was significant (P < 0.05) for all classes,
but negative for classes one and two. For class three, the
ASC was positive, meaning that there was a propensity
among respondents to choose the opt out option.

5. DISCUSSION AND CONCLUSIONS

In spite of their different characteristics, approaches
and results, biotechnologies are often considered as a
whole in the public discourse. Even though the results of
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Tab. 8. Three-LC model results.

Class 1 Class 2 Class 3
Variable
Coeff. (S.E.) WTP (€/kg) Coeff. (S.E.) WTP (€/kg) Coeff. (S.E.) WTP (€/kg)

-1.06 4.97

Opt out -1.91 (0.30) / (0.28)** / (0.44)*++ /
. -0.15 -0.26

Price (0.06)** / (0.07)*** / -0.19 (0.14) /
Conventional 0.66 (0.15)*** 4.4 © 15?:%2 9.23 4.52 (0.34)* /

1.90 2.43

%%

GE 1.50 (0.14) 10 020y 7.31 (038 /
00 Flour -0.18 (0.14) / -0.58 (0.15)*** -2.23 0.37 (0.20)* /
Organic flour 0.71 (0.17)*** 4.73 © 22)5*5 2.15 0.92 (0.29)*** /

0.27 -2.12

i _ k% _

Other countries 1.49 (0.19) 9.93 (0.18) / (0.20) /

0.32 1.22

3 3 %%

Friuli VG R. 0.68 (0.08) 453 (0.13)°" 1.23 (0.20)%¢ /

Average probability 0.57 0.22 0.21

. -0.50 0.00

Long info 0.03 (0.27) (0.34) (fixed parameter)

-0.90 0.00

Female -0.27.(0.28) (0.34)*** (fixed parameter)

*** significant at the 99% level; ** significant at the 95% level; * significant at the 90% level.

Source: our elaboration.

species selection through GE are not technically differ-
ent from conventional breeding or random mutagenesis,
civil society organizations raise doubts and questions on
the safety of biotech food and on the ethical and moral
consequences, as already happened with GMOs (Ishii,
Araki, 2016).

Both public and private actors have a role to play in
improving knowledge among citizens (Kolodinsky, Lusk,
2018), and experts in life and social sciences agree that
the development and diffusion of GE critically depends
on public understanding of the differences between
these biotechnologies and conventional GM (Lassoued
et al., 2019). In this study, we contribute to this debate
by investigating consumer knowledge and preferences
towards GE and gene-edited food.

In order to verify the effect of information on con-
sumers’ preferences for GE, a CE was designed to meas-
ure WTP for GE bread. Respondents randomly received
two different treatments of the survey, which included
either a balanced or positively biased description of the
GE technique and its impact. The analysis shows that
participants who initially read the technical and bal-
anced statement did not answer differently from those
who read the biased description. These results are coher-
ent with the findings from Wuepper et al. (2018). In

addition, it seems that our findings could be considered
coherent with Kolodinsky and Lusk (2018), who stated
that providing simple information with no bias in either
direction can actually improve consumer attitudes. The
rift between civil society and the scientific community,
in fact, suggests that consumers are not fully aware of
newer biotechnologies (Busch et al., 2021) and may not
have fully developed their opinion on GE yet.

In the light of these considerations, the scientific
community should cooperate to develop better commu-
nication and dissemination strategies, in order to clearly
and effectively inform consumers and policymakers on
what GE is, how it works, and how it differs from con-
ventional GM. The public debate on GE is at an early
stage: it is therefore the responsibility of the scientists,
as laymen, to share knowledge for the society to com-
prehensively understand biotechnologies and interact
with institutions and policymakers, and support them
in the definition of rational and informed regulation
(Bartkowski, Baum, 2019; Bechtold et al., 2018; DeLong,
Grebitus, 2018). While science alone cannot answer all
the political and social questions linked to the introduc-
tion of new technologies (Johnson et al., 2007), effective
and factual communication is fundamental to integrate
scientific knowledge in decision making (Sundin et
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al., 2018); nevertheless, it is the responsibility of poli-
tics to bridge scientific knowledge, values and beliefs in
informed decision making (Guo et al., 2020; von Win-
terfeldt, 2013).

On the theoretical side, our study contributes to the
literature by informing it with a NBTs’ consumer pref-
erence and WTP perspective and providing an illus-
tration of the lack of precise knowledge of these tech-
niques among citizens. The literature has had consider-
able developments when it comes to GMOs, while only
a few studies analyzed consumer preferences and WTP
towards gene-edited food products. Moreover, to the best
of our knowledge no studies have used CE to compare
GE with other breeding techniques using different infor-
mation treatments and identifying respondents’ WTP.

Following on from the results, we can draw some
key implications for producers and marketers. Our
study highlights heterogeneous consumers’ preferences
for GE. Findings point out that a group of respondents
were willing to pay a premium price for the GE tech-
nique, while another class of participants seemed to be
disoriented. This evidence implicates the importance of
carefully selecting the characteristics of the information
proposition that are devoted to the different public seg-
ments. The latent class analysis denotes the existence of
an important group of consumers willing to pay a pre-
mium price for food from GE varieties: this confirms
the rising openness of Italian, and European, consum-
ers towards the adoption of biotechnologies and their
application in food science. This emerging niche market
partly overlaps with the sustainable and organic food
consumer segment. Taken together, these results suggest
that producers and marketers willing to adopt GE varie-
ties should adequately frame communication, in order to
enhance the technological content of gene-edited food as
well as its benefits in terms of food system sustainability.

However, a number of limitations of our study merit
emphasis. Firstly, it seems to be important to extend the
research to real consumers’ behaviour to better under-
stand their preferences. Moreover, it may be useful to
extend this research to other states or regions. Our find-
ings are relative to the specific case study, bread consid-
ered and panel interviewed we analyzed. It is therefore
recommended to further investigate bread consumer
preferences for GE wheat in different geographical con-
texts. In addition, since our study captures the marginal
effects of the two information treatments it seems to be
useful to extend the survey having a control group to
better estimate the effects of information.

Despite the limitations of our study, we believe the
results may have significant impacts. Our results add
useful data to currently available literature on consum-
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ers’ preferences towards GE food. In addition, our find-
ings should be useful for farmers in areas where the
development of GE food as niche market product can be
an important element for the improvement of costs and
benefits of the agricultural sector and therefore for the
increase of its revenues. However, effective adoption of
GE will largely depend on the evolution of public and
political discourse.
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