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Abstract: Shifting from conventional methods of food production to genetic modification methods
benefits sustainable agri-food production and environmental preservation. However, one of the
main problems genetically modified food manufacturers have ever had to deal with is the public
acceptability of GM foods. This study has two major objectives. First, it intends to apply principles
from behavioral economics to investigate how consumers’ willingness to pay for GM corn oil can be
affected. For this purpose, two different nudges are tested by providing consumers with positive
information regarding GMO and changing the wording of the GMO label. Then, a comparison
between the effectiveness of each of them is provided. Second, it investigates the impact of trust in
GM food institutions, GMO information, and perceived GMO risk on both WTP for GM edible oil
and the effectiveness of each nudge. A between-subjects choice experiment with a sample size of
550 Iranian corn oil consumers was conducted in Mashhad from March to April 2021. The results of
mixed logit models indicate that both nudges affected consumer valuation of GM corn oil significantly,
while their effectiveness differed according to the consumer level of trust in the GM food institutions
and the perceived risk of GMO. Increasing consumer trust and information raises the WTP for GM
corn oil; however, perceived risk has no effect. This study introduces effortless tools that GM food
manufacturers can consider in their marketing strategies to affect consumers in the desired way.

Keywords: genetically modified food; choice experiment; willingness to pay; consumer behavior;
experimental economics

1. Introduction

Producing genetically modified (GM) foods has experienced increasing growth over
the past two decades [1,2]. From 1996 to 2016, the global cultivation of GM food crops
increased from 1.7 million hectares to around 185.1 million hectares [3]. Thanks to genetic
engineering methods, it is possible to grow plants with desired characteristics, raise crop
yields, and use fewer chemicals [4]. These characteristics can help the world, particularly
developing countries, move toward sustainable development by addressing some of the
concerns about food security and health [5]. There are also environmental benefits as-
sociated with GM methods of food production. For example, using lower amounts of
pesticides results in a decrease in the amount of emitted gases into the atmosphere [6,7],
and increasing crop yield can also reduce deforestation, decrease water usage, and support
wildlife preservation [5,8–10]. In particular, in developing countries such as Iran, which
are faced with water shortages, replacing conventional methods of food production with
genetic modification methods can address the water shortage to some extent [4,5].

Despite the rapid spread and the advantages of genetically modified (GM) crops, there
has been debate and concern about them since the first GM food product was certified for
human use in 1994. There is a fear among consumers of the harmful effects that GM foods
might have on the environment and public health. Although this backlash against GM foods is
global, studies show that the backlash is comparatively higher in developing countries [4,11].

Sustainability 2022, 14, 12705. https://doi.org/10.3390/su141912705 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su141912705
https://doi.org/10.3390/su141912705
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0001-5713-0613
https://orcid.org/0000-0001-7462-2505
https://orcid.org/0000-0001-6661-2569
https://orcid.org/0000-0001-6466-8841
https://doi.org/10.3390/su141912705
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su141912705?type=check_update&version=2


Sustainability 2022, 14, 12705 2 of 18

To this end, GM food producers can profit from using effective marketing tools to
offset public backlash and raise the willingness to pay (or decrease the willingness to accept)
for GM foods. One approach that can be used in this manner is nudging. According to
the definition of nudge, this approach stays away from explicit directives or compulsion;
instead, it can be simply any method that subtly provides guidance for consumers to make
the desired decision and protects consumer autonomy at the same time [12,13]. There are
several other simple strategies that can be implemented to nudge consumers.

This study intends to adopt concepts from behavioral economics to see how it is
possible to influence Iranian consumers’ behavior towards GM foods. Two nudges were
designed for this study and their impacts on respondent’s willingness to pay (WTP) for
GM corn oil were tested. While several studies have investigated consumer purchasing
behavior towards GM corn-related products such as GM corn flake cereal, GM canned corn,
animal products fed GM corn, and GM corn ingredients [14–19], very few have focused on
GM corn oil. GM corn oil is one of the most common GM products and is used frequently in
Iran. Moreover, since the commitment of the Iranian government to the Cartagena Protocol
on Biosafety, GMO labeling of GM cooking oils has become mandatory [20]. Therefore,
compared with other GM products, Iranian consumers have a more vivid understanding
of this product, and it is more appropriate for this study to be adopted.

To the best of the authors’ knowledge, the only study that has evaluated the effects of
information on WTP for GM corn oil is Terawaki [21], who used a contingent valuation (CV)
approach; the study is solely focused on the GM attribute and lacks other attributes that play
an important role in consumer preference towards corn oil. Since Terawaki’s [21] research
was conducted, more advanced valuation methods have been suggested, which necessitates
a detailed analysis of consumers’ WTP for corn oil. At the moment, the most common
method for determining willingness to pay (WTP) for foods is discrete choice experiments
(CE) [22]. It has become an increasingly widespread approach to studying the behavioral
responses of consumers, households, or even organizations in various sectors [23], and,
above all, to analyzing agri-food products or consumption [24]. Moreover, compared to the
CV approach, the choice experiment method provides a deeper understanding of different
attributes of a product [25]. By building different levels of a product into the experimental
design, choice experiment avoids the part-whole bias problem [26]. “Yea-saying” is another
problem that is avoided in CE [27]. Brand, traceability, and price are attributes of corn oil
that are considered in the discrete choice experiment in addition to being GM or non-GM.

Following the strategy of LaRiviere et al. [28], a between-subjects choice experiment
with a sample size of 550 corn oil consumers was conducted to compare the effectiveness
of nudges. The sample was split into two treatment groups (one for each nudge) and one
control group. Respondents were randomly assigned to one of these groups, and they only
had to engage in this survey once (no respondent participated in more than one treatment).
In addition to the effect of treatments, other possible variables that may affect the WTP of
GM corn oil, including trust in the institutions associated with GM food, information about
GMO, and perceived risk of GMO, are considered. Their effects both on the WTP for GM
corn oil and on the effectiveness of each nudge are interpreted.

The approach of this study, which is based on research from consumer behavior,
experimental and behavioral economics, and food marketing, is novel for three reasons.
First of all, to the best of the authors’ knowledge, this is the first study to discover consumers’
WTP for different attributes of corn oil by conducting a choice experiment. Second, this is
the first study to test two different nudges as a tool to raise consumers’ WTP for GM foods
and compare the effectiveness of each approach. Last, but not least, this study investigates
the effects of trust, information, and perceived risk both on consumers’ WTP for GM corn
oil and the effectiveness of each nudge.

Section 2 introduces and presents previous research on major variables of this study
and formulates the hypotheses and research questions of this study. Section 3 outlines the
survey design, the descriptive statistics of the sample, discrete choice experiments, and
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the econometric method of this study. Then, the results are presented, followed by the
conclusion and limitations of the survey.

2. Literature Review
2.1. Nudge

In 2008, Richard Thaler and Cass Sustein [12] introduced nudge as “any aspect of the
choice architecture that alters people’s behavior in a predictable way without forbidding
any options or significantly changing their economic incentives”. To count as a mere nudge,
the intervention must be easy and cheap to avoid. Compared with conventional meth-
ods, nudges have shown that they can be more effective on a cost-adjusted basis [29,30].
A growing body of studies on the effectiveness of various nudges proves the effect of
this approach on behavior [29,31]. Maas et al. [32] conducted a between-subjects experi-
ment to evaluate the effects of proximity nudge. They discovered that simply increasing
the distance from 20 to 70 cm could significantly affect snack consumption. In another
study by Privitera [33], the results were confirmed for the consumption of apples and
carrots. However, the effect of one nudge can sometimes be different across circumstances.
Gonçalves et al. [34] tested the effect of social nudges to raise the consumption of healthy
foods. They found that while it has a positive effect on those with less healthy diets, those
with healthy diets were affected negatively. In another study by Wensing et al. [35], the
social nudge, compared with nature pictures, reflection questions, and information on bio-
based plastics, had the most significant effect on increasing consumers’ WTP for bio-based
packaging. Therefore, numerous studies should take place to test the effects of nudges
across different countries for different purposes.

According to Gonçalves et al. [34], nudges can be classified into three main groups
based on the way they affect people. The first group includes (i) simplification and framing
of information. The simplification method is focused on providing information, while
framing is about the way the information is presented. The second group is about (ii) a
physical environmental change. In this nudge, the physical environment of the person who
engages in behavior is altered by this nudge. Those nudges that change product placement
in stores can be placed in this group [36]. The third type of nudge is (iii) the default option,
which is the predetermined actions that are implemented if the decision-maker does not
specify anything [12]. When there is inaction, this method is a straightforward yet effective
technique as it does not demand any effort from the decision-maker [37]. The last group
is (iv) social norm nudge, which is performed by letting others know how their actions
match the majority [38]. By capitalizing on people’s desire to fit in with others and social
conformity tendencies, this nudge influences behavior [39]. Both nudges that are tested in
this study are included in the first category. In the following parts, the implementations of
those are provided.

2.1.1. Informational Nudge

Several studies have found that providing relevant information to consumers can
increase their willingness to pay for various products [40–42]. By providing information,
consumers gain a better understanding of the food product and decrease the uncertainty
associated with that product, leading to a wiser purchasing decision [43]. For instance,
Wensing [35] found that by using relevant information in the forms of video and text,
consumers’ WTP for bio-based packaging was elevated. Providing information about GMO
to affect consumers’ purchasing behavior has been frequently studied, even though the
approach has not been introduced as a form of nudge [18,21,44–49]. Their results varied,
but there was a consensus that positive information affects consumers positively.

The groups that received informational nudge in this study were provided with some
information regarding the benefits of GMO. Although GM edible oils have GMO labeling in
Iran, these labels do not provide information regarding the characteristics of GM products
so that consumers are aware of the advantages and disadvantages of these items. The
provided information in this treatment is regarding the features of GMO that ultimately
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lead to environmental preservation, health improvement, and ensuring food security (see
Appendix B). Due to the poor information of Iranian consumers regarding GMO [50]
and the significant impact of consumer information on their attitudes towards GMO [51],
increasing the WTP for the GM attribute of corn oil is likely as a result of this treatment.
Therefore, the following hypothesis is formulated:

Hypothesis 1 (H1): The use of informational nudge raises the WTP for corn oil’s GM attribute.

2.1.2. Wording Nudge

The other approach taken in this study to raise consumers’ WTP for GM corn oil is
wording nudge. This nudge has been tested by Ouvrard et al. [52] to influence people’s
choice of wood ash recycling programs. They implemented this nudge in the choice
experiment by emphasizing the environmental role of the desired options through better
usage of words. The way that this study implements this nudge is exclusive. To explain the
implementation, first a common mistake in the Persian translation of the term “genetically
modified” has to be explained. Although there is a subtle difference between the words
“changed” and “modified” in the English language, “genetically modified” is mistakenly
translated as “genetically changed” in Persian. In English, the word “modify” is used
when the entire theme of performing things is the same, and just some partial changes
need to occur. However, when the word “change” is used, the whole theme may change
completely [53]. As a result, the translation of the term “genetically modified” on the label
of the product for the wording group is corrected. It should be noted that there are GM food
producers in Iran that use the correct translation on their labels, but it is very uncommon.
The mistaken translation can be a cause of Iranians’ negative preference for GM foods to
some extent. Therefore, it can be assumed that the wording nudge may positively affect
this negative preference.

Hypothesis 2 (H2): The use of wording nudge raises the WTP for corn oil’s GM attribute.

2.2. Trust, Information, and Perceived Risk

In order to gain a better estimation, three other variables that were claimed to be
effective in a consumer’s preference towards GM foods are measured. Prior research
suggested that consumers’ intentions to purchase GM food are mainly driven by their trust
in the institutions associated with GM food, their information, and their perceived risk of
GM foods [51,54–58]. The questions that are used for measuring these factors are provided
in Appendix C (Table A1). Their effects are investigated both on consumers’ WTP for GM
foods and the effectiveness of nudges.

2.2.1. Trust

Trust is defined as the desire to accept vulnerability based on optimistic assumptions
about the motives or actions of another [59]. Trust in individuals, groups, and institutions is
the subject of this definition. This kind of trust is additionally known as social trust [60,61].
As the majority of consumers have poor knowledge regarding GM foods, relying on others
to assess the risk of GM foods is one strategy to deal with this lack of information. The
positive effect of trust in GMO institutions on the acceptance of GM foods has been shown
by several studies [61–63]. As a result, the following hypothesis is proposed:

Hypothesis 3 (H3): An increase in the level of trust in the institutions associated with GM food
positively affects consumers’ WTP for GM attribute of corn oil.

Since no other study has ever investigated the effect of trust on the effectiveness of
nudge, instead of hypotheses, the following questions are investigated in this study:

Research Question 1 (RQ1): How does trust influence the effectiveness of wording nudge?

Research Question 2 (RQ2): How does trust influence the effectiveness of informational nudge?
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2.2.2. Information

The effect of information about GMO on consumer behavior towards GMO has been
proven in several studies. To measure the information, two factors are measured, and
then an index is created by using them. First, the self-reported level of information of
respondents is measured on a scale of 1 to 5. Some evidence indicates that more informed
respondents are more positive towards GM food [64]. However, other studies show that this
only happens if the received information was positive [65,66]. If the received information
were negative, the effect on the consumer would be negative too [66]. Therefore, the
second factor that is measured is the information’s positivity, neutrality, or negativity. Then,
the combination of these two factors results in the information index. If the respondent
has positive information, their self-reported level of information multiplies by two; if the
information is neutral, it multiplies by one; and if the information is negative, it multiplies
by minus one. For example, in the case of someone who reported a four on the scale of
the received amount of information, if the received information were positive, neutral, or
negative, the information index would be 8 (4 × 2), 4 (4 × 1), and −4 (4 × −1), respectively.
Thus, the index increases as the level of neutral and positive information increases, while
the increase for positive information is two times larger. In contrast, the index decreases as
the level of negative information increases. This index is what this study means when it
refers to information. Eventually, according to the results of other studies, the following
hypothesis is proposed:

Hypothesis 4 (H4): An increase in the level of Information about GMO positively affects con-
sumers’ WTP for GM attributes of corn oil.

The following research questions are also raised to investigate the effect of information
on the effectiveness of each nudge.

Research Question 3 (RQ3): How does information influence the effectiveness of wording nudge?

Research Question 4 (RQ4): How does information influence the effectiveness of informational nudge?

2.2.3. Perceived Risk

Perceived risk is defined as a person’s evaluation of risks or hazards that could
endanger their health or wellbeing [67]. According to the literature, three aspects of risk
associated with GM foods are measured, including (1) health risk, (2) environmental risk,
and (3) threat to the natural order of things [68–70]. According to the previous literature
on the relationship between perceived risks associated with GM foods and WTP [71], the
following hypothesis is made:

Hypothesis 5 (H5): An increase in the level of perceived risk associated with GMO positively
affects consumers’ WTP for the GM attribute of corn oil.

The research questions regarding the effect of perceived risk on the effectiveness of
each nudge are as follows:

Research Question 5 (RQ5): How does perceived risk influence the effectiveness of wording nudge?

Research Question 6 (RQ6): How does perceived risk influence the effectiveness of informational nudge?

3. Materials and Methods
3.1. Survey

In this survey, three questionnaires were designed that were similar to each other
except for the difference that was made to nudge treatment groups. The questionnaires
were structured into three sections: socioeconomic questions (questions about gender, age,
education, household size, and monthly income), choice experiment, and questions to
measure trust, information, and perceived risk. The first and last sections were the same
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for all groups, but the second section varied depending on the group. Before the final
distribution of the questionnaire, it was investigated by experts (consultants and researchers
in the food industry and cognitive sciences). In addition, a pilot experiment was conducted
on 30 citizens. The reference population was determined to be Iranian consumers of corn
oil residing in Mashhad. Since most of the studies on consumer behavior towards GM
foods are focused on developed countries, this study, by investigating a developing country,
contributes to this literature. Moreover, due to the availability of GM corn oil in Iran, the
answer of Iranians to the questions of the hypothetical choice experiment is close to reality.
Before conducting the survey, ethics approval was obtained from the Ferdowsi University
of Mashhad. In the process of collecting data, respondents were informed regarding the
aim of this study and were asked to answer in an honest manner. They were assured of
the anonymity of their response, the scientific purpose of the survey, and their privacy.
People younger than 18 years old were not allowed to participate. Finally, the survey was
conducted online from March to April 2021 and involved 550 consumers. As indicated
by green [72], size requirements were determined, taking into account a statistical power
of the sample of 80%. The sample size of this study with 550 individuals was closer to
small-effect sizes (sample size requirement = 798) than medium-effect sizes (sample size
requirement = 110). According to Cohen [73], this solution appeared satisfactory for a study
in behavioral sciences. Table 1 outlines the distribution of the sample into different groups
with different nudge.

Table 1. Groups in experimental design.

Group Type of Nudge N

Control group No nudge 255
Treatment 1 (informational group) Informational nudge (provide information regarding benefits of GMO) 148

Treatment 2 (wording group) Wording nudge (correcting the translation of “genetically modified”) 147

3.2. Descriptive Statistics

The demographics of the study participants are presented in Table 2. Due to the
greater willingness of women to participate in online surveys [74], the majority of the
sample was female (68%). The average respondent was 31 years old. Participants showed
a relatively high level of education, with 66% holding a bachelor’s or upper degree. The
sample was younger and more educated than the average population. Given that the
survey was carried out online, this is not surprising; it is natural to anticipate internet
users to be predominantly young and well-educated. Given their young age, most of the
respondents were unmarried (58%). The average size of a household in the sample was 3.9,
which roughly corresponds to the average size of a household in Iran (3.5) [75]. Just over
half the participants reported a monthly net household income of IRR 70 million or more.
The income of an average family in Iran is IRR 75 million [76].

Table 2. Descriptive socioeconomic statistics of the sample.

Variables Frequency (%) Mean

Gender
Male 32

Female 68
Age 31.4
<25 21.3

25–33 36.8
34–49 35.9
>49 6
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Table 2. Cont.

Variables Frequency (%) Mean

Education
Below secondary school 0.5

Secondary school 1.1
High school 32.7

Bachelor’s or equivalent level 44.4
Master’s or equivalent level 17.8
Doctoral or equivalent level 6.5

Marital status
Unmarried 58

Married 42
Household size 3.9

Monthly income(in million IRR)
Below 20 4.9

20–40 11.3
40–70 20.7

70–100 24.4
100–150 16.9
150–200 8.7

More than 200 9.3

Table 3 also shows the scores on trust, information, and the perceived risk of GMO. The
categorization of each factor is based on the level that consumers attribute to themselves by
answering the questions. On a scale of 3 to 15, respondents’ trust in government, scientific
research, and production method labeling was measured. Almost half of the respondents
were uncertain about institutions associated with GM foods. The average information index
in this study was −0.15. This can be attributed to the negativity of received information by
the majority of respondents (54.5%). Finally, more than half of the respondents perceived
either a high risk or very high risk from GMO.

Table 3. Scores on trust, information, and perceived risk.

Variables Frequency
(%) Mean Standard

Deviation

Trust (on a scale of 3 to 15) 8.2 0.0305545
Completely distrust (scored from 3–5) 14

Distrust (scored from 6–7) 21.8
Uncertain (scored from 8–10) 48.4

Trust (scored from 11–12) 12.2
Trust very much (scored from 13–15) 3.6
Information (on a scale of −5 to 10) −0.15 2.972

Amount of information (scores from 1–5) 2.37 1.03
Information types

Negative 54.5
Neutral 36
Positive 9.5

Perceived risk (on a scale of 3 to 15) 10.63 0.033737
Very low

(scored from 3–5) 3.5

Low
(scored from 6–7) 7.3

Medium
(scored from 8–10) 38.2

High
(scored from 11–12) 28

Very high
(scored from 13–15) 23.1
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3.3. Choice Experiment Design

In the discrete choice experiment, participants were presented with two bottles of corn
oil with different empirically generated attributes and a no-purchase option to imitate a
real-world market situation. Then, participants chose their preferred option. The discrete
choice experiment included four attributes influencing customer’s corn oil buying behavior.
These attributes, which are derived from relevant research, include production method,
brand, traceability, and price [77,78]. The attributes and their levels are shown in Table 4.
The production method of corn oil can be genetically modified or non-genetically modified.
In terms of brand, since most of the edible oils in Iran are branded, the comparison will be
between having a known brand and having an unknown brand. Traceability also refers to
whether the product’s origin of manufacture can be tracked across the supply chain [79].
There are two levels of traceable and nontraceable. The last attribute is price, which is
determined based on the market’s real price of corn oil. The price is transformed from IRR
into USD, using the exchange rate when the survey was conducted.

Table 4. Attributes and levels used in the discrete choice experiment design.

Attributes Levels

Production method
Genetically modified

Non-genetically modified

Brand
Having a known brand

Having an unknown brand

Traceability Traceable
Nontraceable

Price

USD 2.40 (IRR 770,000)
USD 3.60 (IRR 1,150,000)
USD 4.80 (IRR 1,540,000)
USD 6.00 (IRR 1,920,000)

Since price has 4 levels and other attributes have 2 levels, 32 combinations of choices
(2 × 2 × 2 × 4 = 32) are generated. Because of the problems that may arise from submitting
too many scenarios [80], by using an orthogonal fractional factorial design, the original
32 combinations were reduced to 8 and divided into 2 groups of 4, with a D-efficiency of
51.925. The design of the discrete choice experiment was obtained by SAS [81], following
techniques developed by Street et al. [82]. An example of a choice set is presented in
Figure 1. Before answering the choice questions, respondents were also given instructions
regarding the DCE. Moreover, to reduce the stated choice hypothetical bias, respondents
were asked to imagine they were buying corn oil and to choose exactly the same thing they
chose in a real situation (see Appendix A).
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3.4. Econometric Modeling

An indirect utility function based on Lancaster’s theory of consumer demand was
defined to model the preference for corn oil attributes from the choice experiments [83].
Unlike the contingent valuation method, which estimates the overall value respondents
assign to a product when considered as a whole, the choice experiment method, which
was inspired by Lancaster’s theory of consumer demand, states that individuals derive
utility from the attributes of the product, not the product itself. A thorough overview of the
conceptual framework and underlying assumptions of the choice experiment method is
provided by Louviere [23]. According to the random utility theory [84], choice experiments
rely on the assumption that the utility derived by individual n choosing alternative j in
choice condition t can be represented as follows:

Unjt = Vnjt + εnjt (1)

Vnjt is the systematic portion of the utility function, which is determined by the
experimentally designed product attributes of alternative j, while εnjt is the stochastic and
unobservable (to researchers) component.

The choice data are analyzed using a mixed logit model (MXL), which accounts for
taste heterogeneity both across respondents and across choice situations encountered by
the same respondent [85]. In MXL, latent variables influence consumer preferences. The
coefficients of the three non-price product attributes are considered to be random, following
normal distributions, because individuals are likely to assign positive or negative values to
the attributes. Eventually, the utility from choosing option j in choice task t can be expressed
as follows:

Unjt = αPricenjt + βn1GMnjt + βn2Brandnjt + βn3Traceabilitynjt +ASCOpt-out + γ1Trustn × GMnjt + γ2Informationn
× GMnjt + γ3Perceived riskn × GMnjt + γ4Treatmentn × GMnjt + γ5Trustn × Treatmentn

× GMnjt + γ6Informationn × Treatmentn × GMnjt + γ7Preceived riskn × Treatmentn × GMnjt + εnjt

(2)

Pricenjt is a continuous variable that contains the four pricing levels in the design;
GMnjt, Brandnjt, and Traceabilitynjt are dummy variables that take 1 if they are genetically
modified, have a known brand, and are traceable, respectively; otherwise, they take 0.
ASCOpt-out is the alternative specific constant of the no-purchase option, which is invariant
in the population; α is price preference; and the β s are the non-price taste coefficients.
To estimate the effects of case-specific variables on GM preference, cross-variables are
considered as well. For example, in the case of a specific nudge, a dummy variable is
created that takes 1 in the presence of that nudge and takes 0 in the absence of it (treatment).
By interacting this variable with GM, the effect of that nudge on preferences towards
the GM attribute can be evaluated. Other case-specific variables are treated the same
way. Information, trust, and perceived risk also interacted with the interaction of GM and
treatment, to investigate the impact of those on the effectiveness of treatments. γi denotes
the coefficients of the GM attributes’ interaction terms with other variables. The impact of
information, trust, and perceived risk on consumers’ preferences for product attributes is
measured by these coefficients. Lastly, εnjt is the unobserved error term, which follows a
Gumbel (extreme value type I) distribution.

Finally, the willingness to pay (WTP) of respondents for each product attribute can
be assessed. WTP is the price change associated with a unit increase in a specific attribute.
It can be computed as the ratio between the partial derivative of the utility function with
respect to the attribute of interest and the derivative of the utility function with respect to
the variable “price” [86]. By rearranging Equation (3), the respondent’s preferences in the
WTP space would be the following:
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Unjt = θn[(−Pricenjt + ω2GMnjt + ω3Brandnjt + ω4Traceabilitynjt + ASCOpt-out) + δ1 (Trust ∗ GMnjt)
+δ2 (Information × GMnjt) + δ3 (Perceived risk × GMnjt) + δ4 (Treatment × GMnjt) + δ5 (Trust

× Treatment × GMnjt) + δ6 (Information × Treatment × GMnjt) + δ7 (Perceived risk × Treatment × GMnjt) + εnjt

(3)

where θn is a random positive scalar that represents the price/scale parameter;ω indicate
the marginal WTP estimates for the different attributes; and δi is the differences in con-
sumers’ WTP for each attribute across case-specific variables. Other elements in (3) are
specified as in (2).

4. Results
4.1. Econometric Results in Preference Space

The results of MXL are provided in Table 5. To investigate the effects of trust, infor-
mation, and perceived risk on consumers’ preference towards GM corn oil, the data of
the control group are used, and to consider each treatment’s effect, the data from each
treatment group must be combined with the data of the control group. All the econometric
models were analyzed using STATA 14 [87].

Table 5. Estimates of mixed logit model in the preference space.

Variables
Control Control vs. Wording Nudge Control vs. Informational Nudge

Coefficient Coefficient Coefficient

(St. Err.) (St. Err.) (St. Err.)

GMO −2.495732 ***
(0.4777509)

−2.874501 ***
(0.5442917)

−2.645346 ***
(0.4905048)

Brand 1.229054 ***
(0.4166691)

1.585579 ***
(0.4533465)

1.027252 ***
(0.3650947)

Traceability 1.976474 ***
(0.1930078)

2.133111 ***
(0.1743071)

2.012244 ***
(0.1593414)

Price −0.2812768 ***
(0.0543392)

−0.3321055 ***
(0.0448029)

−0.2446501 ***
(0.0428691)

ASC (no buy) 0.9287097 ***
(0.2327304)

1.099276 ***
(0.1936268)

0.777884 ***
(0.1883107)

Trust * GMO 0.1647471 ***
(0.0505794)

0.1824065 ***
(0.0592866)

0.1700793 ***
(0.0531857)

Information * GMO 0.1548587 ***
(0.041025)

0.185654 ***
(0.0476279)

0.1698035 ***
(0.0429846)

Perceived Risk * GMO −0.0074552
(0.0384652)

−0.0473359
(0.0415579)

0.0096113
(0.0336817)

Treatment * GMO 3.33369 **
(1.388404)

2.26795 **
(1.150777)

Treatment * GMO * Trust −0.096557
(0.0997228)

−0.1923627 **
(0.0887615)

Treatment * GMO * Information −0.0348108
(0.0985415)

−0.0995556
(0.0726741)

Treatment * GMO * Perceived Risk −0.1904926 **
(0.0944482)

−0.0488306
(0.0661194)

N 255
(3060 choices)

402
(4824 choices)

403
(4836 choices)

Prob > chi2 0.0000 0.0000 0.0000
Log likelihood −787.99296 −1275.7207 −1253.1603

AIC 1597.986 2581.441 2536.321

Significance levels: * p < 0.10; ** p < 0.05; *** p < 0.01.

4.2. Econometric Results in WTP Space

Table 6 provides the results of mixed logit models in WTP space. Unlike preference
space, this approach deals with the issue of scale effects that may arise in preference
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space [88]; therefore, it is more appropriate for comparisons across treatments. It also
prevents the potential overestimation of consumers’ WTP that may arise in the model fit of
preference space [89]. All WTP values are in USD, using the exchange rate when the survey
was conducted (USD 1 = IRR 320,000).

Table 6. Estimates of mixed logit model in the willingness to pay space (in USD).

Variables Control Control vs. Wording Nudge Control vs. Informational Nudge

GMO −8.8728395 *** −8.65538625 *** −10.8127725 ***
Brand 4.3695388 *** 4.774323125 *** 4.198861875 ***

Traceability 7.0267699 *** 6.422992813 *** 8.224987188 ***
ASC (no buy) 3.3017532 *** 3.310022188 *** 3.179578125 ***
Trust * GMO 0.58570969 *** 0.549242531 *** 0.695194188 ***

Information * GMO 0.55055445 *** 0.559021156 *** 0.694066656 ***
Perceived Risk * GMO −0.02650474 −0.14253285 0.039286106

Treatment * GMO 10.0380475 ** 9.270178438 **
Trust * Treatment * GMO −0.290741841 −0.786276844 **

Information * Treatment * GMO −0.104818578 −0.406930656
Perceived Risk * Treatment * GMO −0.573590688 ** −0.199593538

N 255
(3060 choices)

402
(4824 choices)

403
(4836 choices)

Significance levels: * p < 0.10; ** p < 0.05; *** p < 0.01.

4.2.1. Brand and Traceability

Brand and traceability both showed a positive, significant effect on consumers’ pref-
erence towards corn oil. According to the control group, consumers are willing to pay
more than USD 4 per 1.8L corn oil bottle to have a known brand of corn oil. The WTP for
traceability was even 50% higher. This is consistent with the results of Zhang et al. [90],
who found that the traceability attribute of soybean oil has the highest WTP compared
with allergen presence and nutrient change labeling. This importance of traceability for
consumers can be attributed to their distrust of non-GMO labeling of products, and their
need to contact sources to obtain more information to resolve the credibility–adequacy
trade-off [91]. Traceability receives little attention from policymakers in Iran. By provid-
ing the required facilities to make products traceable, they can both increase consumer
satisfaction and raise producers’ profit. The ASC’s positive and significant coefficient also
demonstrates that respondents were hesitant to select one of the corn oil alternatives.

4.2.2. Effect of Trust, Information, and Perceived Risk

The positive willingness to pay for the interaction of trust with GMO and information
with GMO supports hypotheses 3 and 4. The effect of trust on WTP for GM corn oil is
in line with the results of Rodríguez-Entrena et al. [92] and Yue et al. [54], who found an
indirect positive causal relationship between trust in the government and willingness to
buy GM food. The positive effect of information on WTP for the GM attribute of corn oil
also corresponds with the results of Zheng [93], who found the same result for GM rice.
The negative coefficient of perceived risk indicates that by increasing the consumer level
of perceived risk, the WTP for the GM attributes of corn oil increases; however, since the
effect is not statistically significant, hypothesis 5 cannot be accepted.

The WTP for GM attribute cannot be merely measured by its own coefficient, and the
cross-variables should be considered as well. Each cross-variable indicates how multiplied
variables affect the WTP of GM. To investigate the effects of trust, information, and per-
ceived risk, the data of the control group are used. In measuring consumers’ WTP for GM
attribute, only the significant variables are taken into account. For example, the WTP for
GM attribute of corn oil for someone with a medium level of trust (8) and a medium level
of neutral information (3), who received no nudge, would be

(−8.87) + 8 × 0.58 + 3 × 0.55 = −2.58
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4.2.3. Effect of the Treatments

To investigate the effect of each nudge, pooled data from each treatment group and
the control group are considered. The effect of each nudge is then shown by the interaction
of the treatment variable and the GM attribute (treatment × GM). Results indicate that both
nudges increase consumers’ WTP for the GM attribute significantly (hypotheses 1 and 2
are accepted). Additionally, the interaction of treatment and GM is multiplied by trust
(trust × treatment × GMO), information (information × treatment × GMO), and perceived
risk (perceived risk × treatment × GMO) to see how these factors affect the effectiveness
of each nudge. The results indicate that as the consumer’s level of trust increases, the
informational nudge becomes less effective (RQ2). The effect of this factor on the effective-
ness of wording nudge is also negative but insignificant (RQ1). Moreover, information
affects the effectiveness of both nudges negatively but insignificantly, while the negative
effect is more for the informational group. This seems justifiable, as the treatment does
not provide those with high levels of information with something new. Again, since the
effect is insignificant, the effects are not taken into account (RQ3 and RQ4). Perceived risk
affected wording nudge negatively and significantly (RQ5), but the effect on informational
nudge is insignificantly negative (RQ6). It seems that those with a higher risk perception of
GMO appear to be less discriminating between different forms of GMO wording and they
are opposed to these products regardless of their wording.

To assess the WTP of GM, for someone with median level of trust (8), medium neutral
information (3), and medium level of perceived risk (8), and received wording nudge, the
equation would be

(−8.65) + 8 × 0.55 + 3 × 0.56 + 10 − 8 × 1 × 0.57 = 2.87

If the same person was nudged by informational nudge, the WTP would be

(−10.813) + 8 × 0.6951 + 3 × 0.694 + 1 × 9.27 − 8 × 1 × 0.7862 = −0.19

Table 7 provides the WTP across treatments for different groups of people with differ-
ent levels of trust, information, and perceived risk. Based on the findings of the WTP space
model in Table 6, various computations were carried out, accounting for all the variables
with a significant coefficient to compare the WTP for GM attributes in different conditions.
The respondents were categorized into four groups: those with a low level of trust, a high
level of negative information, and a high level of perceived risk; those with an average level
of trust, information, and perceived risk in the sample of this study; those with a median
level of trust, the median level of neutral information, and the median level of perceived
risk; and those with a high level of trust, a high level of positive information, and a low
level of perceived risk.

Table 7. WTP for GM attribute of corn oil for different consumers.

Treatment
Trust = 3

Information = −5
Perceived Risk = 15

Trust = 8.2
Information = −0.15

Perceived Risk = 10.63

Trust = 8
Information = 3

Perceived Risk = 8

Trust = 15
Information = 10

Perceived Risk = 3

No nudge −9.88 −4.15 −2.58 5.33
Wording nudge −8.37 −0.29 2.87 13.5

Informational nudge −5.29 −2.4 −0.19 4.03

According to Table 7, the effectiveness of each nudge differs across respondents
with different levels of trust, information, and perceived risk. Therefore, it is important
to match the nudging strategy with the consumer level of those. For example, for a
distrustful person with high levels of negative information and perceived risk about
GMO, the informational nudge comparatively has the most substantial effect. It can
be justified by the fact that, because this group is constantly bombarded with negative
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information, providing them with positive information about GMO can provide them
with a new perspective and have a significant impact on them. On the other hand, for
those with a high level of trust and positive information and a low level of perceived risk,
the effect of the informational nudge would be negative. This might be because of the
high amount of positive information that this group already has, and, thus, adding more
positive information will not affect them positively. In addition, this can be because of the
negative impact of trust on the effectiveness of informational nudge. Except for this group
of consumers, the informational nudge affects all consumers positively. This contradicts
the results of Valente and Chaves [94], who found no impact of positive information on
consumers’ willingness to accept GM foods. This can be attributed to the sample of their
study: young Portuguese college students who were more scientifically informed than
the rest of the population. Since this group of consumers was already informed enough
regarding GMO, providing additional positive information did not affect them, but if the
sample consisted of the normal population, a positive impact would be likely.

Wording nudge appears to have a positive effect across all groups, with a greater
impact as trust and information levels rise and perceived risk falls. Except for those with a
low level of trust and information and a high level of perceived risk, the wording nudge
was more effective than the informational nudge in other groups. This should be taken into
account by GM corn oil marketers and producers in Iran so that they can raise the WTP of
customers by a large margin by simply correcting the translation of the term “genetically
modified” on their products. In general, producers from other countries should pay close
attention to the wording of their product attributes, as such a subtle difference can have a
significant effect on consumer preference.

5. Conclusions and Implication

The genetic modification method, as a new technique to produce foods with lower
carbon emissions, higher crop yields, and fewer chemicals, can address some of the concerns
over food security and environmental preservation. However, consumer response toward
GM food has been largely negative. By conducting a discrete choice experiment, this
study elicits consumers’ WTP for different attributes of corn oil and tests the effectiveness
of informational and wording nudges to offset the public’s opposition to GM corn oil.
Two treatment groups and one control group were considered, and respondents were
randomly assigned to one of them. In each treatment group, respondents received a specific
nudge, and in the control group, they received no nudge. The control group was set as
the benchmark and then was compared with the treatment groups separately to assess the
effect of each nudge. The effects of respondents’ levels of trust, information, and perceived
risk on their WTP for the GM attribute of corn oil were estimated as well. A mixed logit
model was used to analyze the data, which allows for taste heterogeneity both across
individuals and across choice situations encountered by the same individual.

The findings contribute to the fields of behavioral economics, food marketing, and
policymaking in several ways. First, this study discovered that while both nudges were
effective, the effect of wording nudge in increasing consumers’ WTP for GM corn oil was
larger than the effect of informational nudge in most cases. Thus, producers and marketers
should be careful about the wording of every attribute of their product on the labels, as such
a small change can make a big difference. In addition, in the case of informational nudge,
flyers can provide more positive information about GMO to their customers to inform them
regarding the upside of these products. Owing to the environmental advantages of GM
foods, policymakers can use different nudges to encourage society towards sustainable
agri-food production and address some of the environmental challenges.

Furthermore, this study discovered that the effectiveness of each nudge differs de-
pending on a consumer’s levels of trust and perceived risk. This is the second contribution
to this study. The results indicate that those with a low level of perceived risk from GMO
are more affected by wording nudge, and those with a low level of trust in the institutions
associated with GM food are more affected by informational nudge. Therefore, it is of
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paramount importance, when nudging consumers, to consider the level of trust and perceived
risk of the target market to affect them in the desired direction. However, more evidence is still
required to formulate a comprehensive hypothesis on how each nudge can be most effective.

Regarding consumer preference towards corn oil, this study discovered that an average
consumer in Mashhad with an average level of trust and information has a negative WTP
for the GM attribute of corn oil. By considering this, marketers and manufacturers of GM
foods and other food producers that want to commercialize their biotechnological products
can have a better prediction of public reactions. Policymakers can also use the information
to develop better regulations for product labeling and approval of genetically modified
products for consumption. According to the positive impact of trust and information on
WTP for GM corn oil, policymakers can also help society improve their perception of the
advantages and disadvantages of GM foods and their purchasing behavior by conducting
mass information policy research on the pros and cons of GM foods. Moreover, due to
the WTP heterogeneity for GM corn oil among consumers, market segmentation can be
performed based on consumer level of trust, information, and perceived risk. This can be
useful for determining potential target markets and effectively nudging. Lastly, the result
of the discrete choice experiment indicates that both brand and traceability significantly
increase consumers’ WTP for corn oil, while the WTP for traceability is almost 50 percent
higher than brand. This is an important finding for marketers and producers to consider in
their product development. Policymakers can also benefit society and increase the safety of
foods by providing the required facilities for traceable products.

6. Limitation and Future Research

This study has potential limitations. Given that this study used a hypothetical dis-
crete choice experiment, future studies can verify the findings with real market data by
conducting real discrete choice experiments. Furthermore, the data collection was limited
to Mashhad city, but evidence suggests that preferences for GM foods vary significantly
across countries [11,95]. Therefore, further studies are required to investigate how the
effects of these nudges differ across countries. In addition, there are other factors, such
as socioeconomic variables, knowledge concerning the application of GM technologies,
psychological variables, and religious variables, that affect consumer valuation of GM
foods [11,96–98]. Their effects on the effectiveness of nudges for GM foods can be evaluated
as well. Furthermore, there are a variety of other nudges that can be used for similar pur-
poses. We hope that this study will encourage other researchers in the fields of experimental
economics and food marketing to explore the new marketing strategies that can be used to
affect consumer purchasing behavior.
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Appendix A. Choice Experiment Instruction and Required Information

Before answering the choice tasks, please read the information below:
Imagine you are out shopping at your neighborhood supermarket. We will ask you

four different choice questions. Each choice question offers two corn oil selections and a
“do not purchase” option. Except for the production method, brand, traceability, and price,
the two corn oils in both alternatives are identical. Please try to think as you would if you
had to pay for the product, implying that you would no longer have that much accessible
for purchases, while making your decision.

Appendix B. Information that Informational Group Received

• Agricultural crops can become resistant to diseases and pests by modifying genes.
• The GMFs improve the nutritional value of foods.
• Farmers can use fewer spray pesticides when they plant GMO crops [51,97].

Appendix C

Table A1. Questions about Trust, Information, and Perceived Risk.

Indicator Variables Source

Trust X1: I trust the supervision of government over the GM food effectively. [51,99]
X2: I trust the scientific research claiming GM food has no threats for health.

X3: I trust information on the product label to distinguish non-GM from GM (answers and
scores for X1–X3: 1 = completely disagree; 2 = disagree; 3 = uncertain; 4 = agree;

5 = completely agree).

Information X4: How much information do you receive about GM food? (answers and scores for X5: 1 =
very limited; 2 = limited; 3 = medium; 4 = some; 5 = very much). [51]

X5: Is the propensity of the information on GM food that you receive negative, neutral, or
positive? (answers and scores for X6: 1 = positive; 2 = neutral; 3 = negative). [51,100]

Perceived risk X6: Eating genetically modified food will be harmful to my health and my family’s health. [95]
X7: Genetically modified food threatens the natural order of things.

X8: Growing genetically modified crops will be harmful to the environment (answers and
scores for X6–X8: 1 = completely disagree; 2 = disagree; 3 = uncertain; 4 = agree;

5 = completely agree).
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