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Abstract: In this paper, we investigated educated millennials” evaluation of credence attributes in
food products containing genetically modified organisms (GMO products). Our goal is to assess
whether beliefs about GMO products are determined by scientific knowledge alone or if they are
affected by other factors such as trust in information providers and use of social media. The focus
on millennials is motivated by the increasing relevance of this social group in the public debate and
by their extensive use of social media. We surveyed a sample of 215 Italian college students,
confronting them with questions about safety, environmental impact and ethical issues in GMO
product consumption. Using an ordered probit regression model, we found that educated
millennials build their beliefs using a mix of scientific knowledge and trust in information providers.
The role of the two drivers depended on the issue considered. Scientific knowledge drove beliefs in
health claims, while trust in information providers was a driving factor in almost all claims. After
controlling for trust effects, we did not find evidence of impact of confidence in the reliability of
traditional and social media on beliefs. This result contradicts previous literature.
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1. Introduction

In this paper, we investigate how educated millennials build their beliefs about credence
attributes of food products containing genetically modified organisms (GMO products). Our choice
of focusing on this specific social group is motivated by the increasing role of millennials in shaping
food demand for GMO products and by their unique characteristics, such as the extensive use of
social media [1,2]. Yet, existing literature provides conflicting results regarding their beliefs (e.g., [3—
6]) and their attitude towards GMO products is still an open question [7].

Our study hypothesis is that educated millennials’ beliefs about GMO product credence
attributes are not determined by scientific knowledge alone. Because the scientific debate regarding
GMO products is complex, consumers may be unable to verify information and their evaluation
might be based on their trust in the information providers (such as environmental associations,
farmers, etc.) and the media [8-10]. The study question is of particular importance because
consumption decisions based on incorrect information provided by interested parties might result in
a market failure [11].

Unlike previous studies, we do not focus on willingness to buy or pay for GMO products directly
(e.g., [12]). Instead, we model a set of beliefs regarding ethics, health and environmental safety, under
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the assumption that, ultimately, consumers’ purchasing choice depends on such beliefs. Our goal is
to assess whether beliefs are influenced by trust in information providers or by the use of social
media. The advantage of this approach is twofold. Firstly, we can assess if the influence of social
media or information providers depends on the specific subject of the beliefs. Willingness to pay is a
concise indicator of consumer’s beliefs and information and it does not allow us to address beliefs
about specific issues. Secondly, in this way we attenuate the hypothetical bias that is typical of
questionnaire-based measurement of willingness to pay [13].

Our paper contributes to a long-standing debate in the academia and in the entire society about
consumer acceptance of GMO products [14]. Although a complete literature review on the topic goes
beyond the scope of this paper, in this section we provide a general overview of the contributions
that motivated our research and are helpful to frame our research question (for detailed reviews, see
[15,16]).

Despite the fact that scientific research conducted on GMO products found them no more
hazardous than conventional alternatives [17,18] and the production of extensive public regulation
[19-21], consumer wariness about GMO products persists in many countries [22,23]. The attitude
persisted even when the so-called “second generation” of value-oriented GMO products was released
and consumers could benefit from improved nutritional properties of biotech food [24].

GMO products are perceived by consumers across many countries as a major threat to
biodiversity, the environment and human health [25-28]. Concerns are related both to specific risk
and benefit perception [15,29]. They also relate to general moral issues about manipulating life and
the ecosystem [30,31]. Noticeably, ethical concerns persist even in front of the possible role of GMO
products in reducing world hunger [32]. Given this literature, we focused our investigation on GMO
product credence attributes on health, environmental impact and ethical/moral issues as the key
factors driving consumer acceptance.

Perfectly rational consumers are able to evaluate product attributes perfectly and then decide on
their purchase based on a consistent system of preferences [33]. Existing literature suggests that such
an ideal model can be hardly applied to GMO product consumption. According to Li and Basu [34],
most consumers are unable to fully understand the technical information about GMO products. Kim
and Boyd [6] confirmed this result in their investigation of Japanese consumers. Zhang et al. [35]
pointed out that misinformation might be a consequence of the difficulty of the scientific community
in explaining GMO products concisely to the lay public. Instead, immediate (although imprecise)
metaphors are highly effective in evoking emotions regarding GMO products, when consumers have
incomplete knowledge [36,37].

Bardin et al. [38] found that consumer ability to process technical information regarding GMO
products is a key determinant of acceptance. McComas et al. [39] ran a study on GMO product
acceptance by US consumers and concluded that consumers who are more informed are more likely
to support the use of biotechnology in food production than those who are less informed. Similar
results are reported in Mielby et al. [40] about Danish consumers. Kim et al. [41] interviewed a sample
of Korean respondents and concluded that education programs were needed in order to help
consumers to have a clear assessment of GMO products. Park and Lee [42] found that the framing of
GMO product labels played an important role in shaping perceptions of a sample of US students.

Economic literature investigated consumer choice for products with “controversial
characteristics”, i.e., goods with credence attributes that consumers are not able to evaluate directly
such as GMO products [43,44]. Marette and Roosen [45] modelled the choice of a consumer whose
awareness of a specific product characteristic (or externality) is limited and derived the optimal
policy. A similar approach is in a theoretical paper by Russo and Tufi [11], where the authors
investigated the impact of trust in information providers on the equilibrium in a market when firms
compete in information and price.

The role of trust in information providers was investigated and confirmed in empirical studies
as well [46-48]. A study on risk perception found that consumers trust more public specialists
(university scientist, environmental group and consumer organizations) than governments, retailers
and industry as sources of information on GMO products [49]. A survey by Lang [50] found that
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consumers trust university scientists more than farmers, environmental organizations, government
agencies, retailers and food manufacturers.

Other contributions focused on the means by which consumers collect information. Media
sources are often used as a central channel of communication to transfer information from the
providers to consumers [51]. According to Wunderlich and Gatto [8], consumers trust the internet
and mass media for information about GMO products, even if this information can be imprecise or
ambiguous. As a consequence, purchase decisions may be affected by the level of confidence in each
type of media [9]. De Steur et al. [52] found an association between the type of media used by a sample
of Chinese consumers to collect information and their attitude toward genetically modified rice.

This brief review of the literature suggests that, thirty years after the biotech revolution, GMO
products are still controversial in the eye of public opinion. Educated millennials’ beliefs will become
increasingly important to determine acceptance of GMO products and yet they are still not fully
understood by the economic literature. This result motivates our empirical investigation.

Our research contributes to the understanding of educated millennials’ beliefs regarding GMO
products in two ways. Firstly, we investigate beliefs regarding several issues, without limiting our
analysis to safety. We include in the analysis environmental and ethical concerns that are of
increasing importance for food consumers in general and millennials in particular. This approach
allows us to assess that millennials build their beliefs differently, depending on the issue that is being
considered. Secondly, we provide a joint estimate of the effects of scientific knowledge, trust in
information providers and social media on the educated millennials’ beliefs. By including regression
measures of these three drivers, we are able to control for possible bias in the estimates. In fact, after
controlling for trust, we find that social media do not affect beliefs, a result that contradicts previous
studies [8-10].

The paper is organized as follows: In Section 2 we present the sample data and the empirical
strategy. In Section 3 we report the variable measurement and the result of the ordered probit
regression. Section 4 reports the discussion of the results and Section 5 summarizes the conclusions,
limitations of the study and future research.

2. Materials and Methods

In order to address the study question, we surveyed 215 Italian college students from three mid-
size universities in central Italy. Respondents were contacted in person at the University and invited
to fill in a self-administered online questionnaire. The questionnaire is composed of three parts: (i)
background information, including demographics (gender, age, shopping habits) and education
(type of degree and programs); (ii) respondents’ evaluation of a set of statements (regarding safety,
environmental impact and ethical issues of GM products); (iii) respondents’ assessments of their trust
in a set of information providers, confidence in the reliability of a set of social media. The English
translation of the questionnaire is attached in the Appendix A.

Table 1 reports the descriptive statistics of demographic and education variables. We segmented
the sample based on the field of study, identifying students who were enrolled in Science,
Technology, Engineering and Mathematics programs (STEM). We also distinguish between
undergraduate and master students.

Table 1. Sample descriptive statistics.

Age Gender
Count .

(Average) (Proportion)

Program Degree No. Years F M
Not STEM Undergrad. 58 21 0.59 0.41
Master 22 25 0.82 0.18
STEM  Undergrad. 126 21 0.71 0.29
Master 9 24 0.78 0.22

Total 215 21 0.69 0.31
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Empirical Strategy and Hypotheses

We designed our empirical analysis building on the theoretical foundation in [11]. Following
this approach, we consider an individual consumer i evaluating a claim regarding a credence
attribute of a GMO product. In a perfect information model, the consumer knows whether the claim
is true or false with a probability of one. Instead, under bounded rationality, the consumer must
assess the truthfulness of the statement with the available information, resources and time. In this
approach, consumer i maximizes the following expected utility function:

EWU;) =3;-Ui(xlc=1) + (1 —§;) - Ui(x|c = 0) 1)

where x is a Lancasterian attribute vector [53], ¢ is a binary variable that is equal to 1 if the claim is
true and §; is i’s subjective estimate of the probability that the claim is true summarizing the
respondent’s beliefs about the claim.

Equation (1) describes the role of beliefs in determining consumption when the characteristics
of the goods are controversial. The value of expected utility, and ultimately the consumption decision,
depends on the subjective estimate $;. In our empirical investigation, we are interested in finding the
drivers of §;.

Our hypothesis is that the subjective evaluation by consumer 7 of claim k is a function

Sik =fU, 0, 1,8, Pi €k Br) )

of the set of available information (I), which is assumed to be the same for all consumers, a vector
defining consumer 7’s level of trust in all information providers (8;), a vector measuring i's confidence
in all media (u;), i’s individual ability to process information ({;), a vector of individual characteristics
pi, and an error term ¢ capturing unobserved heterogeneity about i and claim-specific effects. B
is a vector of claim-specific parameters to be estimated.

Our empirical strategy is based on a three-step approach. In step 1, we measure the variables of
interest, namely the subjective estimates of the truthfulness of the claim (§; ), the respondent’s level
of scientific knowledge ({;), the trust in a list of information providers (0;), the confidence in the
reliability of a list of media (u;). The results of the measure are reported in Sections 3.1-3.3.

In the second step, we regress our measure of §;; on the explanatory variables according to the
specification in Equation (2) using an ordered probit model. In this way, we obtain estimates of the
population parameters f;.. The results of the regressions are reported in Section 3.4.

In step 3 we test specific hypotheses on the value of B,. Let B9, Bk, Bf( be the subsets of
population parameters of the three drivers of interest: trust in information providers, confidence in
media, and scientific knowledge, respectively. If a §2 test fails to reject the null hypothesis that a group
of population parameters is equal to zero, we conclude that there is no statistical evidence that the
driver affects beliefs. Furthermore, observing the outcomes of the tests for each regression (claim) we
can assess whether the drivers are the same regardless of the claim or if they are claim-specific. The
results of the tests are reported in Section 3.4.

3. Results

In this section, we report the results of the empirical analysis. First, we illustrate the
measurement strategy for the dependent and explanatory variables, then we present the results of
the regressions and hypothesis testing.

3.1. Measuring Subjective Assessment of Truthfulness

We measure the variable §;; asking respondents to agree or disagree with a set of 13 claims
using a five-point Likert scale (with 1 being “totally disagree” and 5 being “totally agree”). The use
of Likert scales turns the unobservable variable 3;, into a discrete observable y, ;, with
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where 74
[54].

5if T4 <8p <1
4if T3 <8 < Tpa
3if Ty < S < Tya
20f Typq S Sip < Tk
1if 0< §i,k < Tk,1

Vii=

5 of 20

®)

. Ty,4 are probability threshold values, according to standard ordered-response models

The questions were presented in the form of statements related to GMO product credence
attributes and focused on three areas: safety, environmental and ethical issues. Figure 1 reports the
item in the questionnaire and the distribution of the respondents” evaluations.

Panel (A): Health claims
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Panel (C): Ethical claims
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Figure 1. Evaluation of credence attributes of food products with genetically modified organisms.
Panel A reports the evaluation of health claims, Panel B reports the evaluation of environmental
claims, Panel C reports the evaluation of ethical claims.

3.2. Measuring Trust in Information Providers and Confidence in Media

Trust is measured with questions asking for a subjective evaluation of the trustworthiness of a
set of providers of information concerning GMO products. Respondents are asked to rank them on a
5-point scale from 1 (Totally untrustworthy) to 5 (Totally trustworthy). The list of information
providers includes:

. Farmers

e  Corporations

. Environmental associations
. Consumer associations

e  Physicians

e  Researchers

e  Friends/Relatives

e  Other information providers

The set of variables TIP is defined as the respondents’ statements regarding the trustworthiness
of information providers and it is our measure of the vector 6;.

We ask respondents to rate their confidence in the reliability of a broad set of media. Electronic
media includes information websites (such as news website, official sites, etc.), blogs, social media
(such as Facebook, Instagram), P2P media (such as TripAdvisor or similar platforms) or e-buzzword
(such as WhatsApp). We consider Newspapers/Magazines, Radio and TV as traditional media. A
residual category (other media) was included in the questionnaire. Confidence in media is assessed
asking to rank each media on a 1 (Totally unreliable) to 5 (Totally reliable) scale. The set of variables
CIM reporting respondents’ statements regarding the confidence in media reliability measures the
vector ;. Figure 2 reports the results of the survey.
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Panel (B): Confidence in media reliability
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Figure 2. Evaluation of trust in information providers (Panel A) and confidence in media reliability
(Panel B).

In order to consider differences in subjective evaluations, individual TIP and CM variables are
expressed as deviations from the mean evaluation of each individual. The transformation is necessary
to avoid that results are driven by general attitudes toward information providers or media of
respondents (such as trusting everyone or no one). Let TIP;; be the Likert score measuring respondent
i’s trust in the jth information provider (with j = 1,..., 8) and CMi» be the score measuring i’s
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confidence in the h** media (with h = 1,..., 8). We define respondent i’s mean level of trust in
information providers as ATIP; = %Z?ﬂ TIP;; and the average level of confidence in media as

ACM; =% i—1CM;;. In order to avoid perfect collinearity in the relative scores we collected

respondent evaluations regarding additional residual categories (“other expert” for TIP and “other
media” for CM). The residual categories were dropped from the regression but they are used to
compute ATIP and ACM. In this way Ztipk# 0 and XCMn # 0 and we avoided perfect collinearity in
the model.

The two variables control for differences in the average levels of trust in information providers
and confidence in media across consumers. Figure 3 reports the distribution of the average variables
ACM and ATIP. The relative trust in information provider k was defined as tip;; = TIP;; — ATIP;
and the relative confidence in media as cm;;, = CM;, — ACM,.

Panel (A): ACM
45%
40%
35%
30%
3
k 259
€ 25% >%
§ 22%
= 20%
& 20%
o
: 15%
15%
10% 8%
5% 4% 3%
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AcM
Panel (B): ATIP
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41%
40%
35%
30%
g
S 25%
Y
B
g
£ 20%
2
15%
10%
5%
¥ 1%
L L S—" - 0% po—
1 15 2 25 3 35 4 45 5
ATIP

Figure 3. Distribution of ACM (Panel A) and ATIP (Panel B) variables.
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3.3. Measuring Respondents’ Ability to Process Scientific Information

The focus on college-educated millennials allows us to observe scientific knowledge directly.
We measured the ability to process scientific information ¢; with the type of program respondents
are enrolled in. We assume that students in STEM (science, technology, engineering and
mathematics) programs have more advanced capabilities to process scientific information than those
in non-STEM programs. In this way, we can observe the effect of scientific knowledge without the
need to provide specific information to the respondents during the survey, unlike previous literature
[39].

Noticeably, the choice of education program may reflect respondents’ meta-attitudes toward
“science”, with STEM students having a “more positive” attitude than others toward GMO products
[55]. Such meta-attitudes may affect the respondents” assessment of the claim, leading STEM students
to agree with positive claims about GMO products regardless of the available scientific information.
In order to control for a possible meta-attitude effect, we confronted respondents with mixed claims.
Ethical claims have no clear answer from a scientific standpoint. A statistically significant impact of
the study program on the assessment of such variables may be considered as evidence of a meta-
attitude effect.

In order to improve the measurement of respondents’ ability, we collected information on the
type of program (undergraduate or master’s; PhD students were excluded from the sample). In the
regression we used two binary variables and an interaction term. The variable STEM; is equal to 1 if
respondent 7 is enrolled in a STEM program and 0 otherwise, GRAD: is equal to 1 if the respondent is
a master’s student and 0 if undergraduate. The interaction term is obtained by multiplying the two
binary variables. The three variables formed the vector CPI measuring the variable ;.

Finally, we use a gender variable to summarize the vector p; of personal characteristic, due to
data limitation. The variable GENi is equal to 1 if the respondent is male and 0 otherwise.

3.4. The Regression

Our objective is to establish whether there is a systematic effect of CPI, tip and c¢m variables on
the respondents’ evaluations of the credence attributes of GMO products. To this end we run a set of
ordered probit regressions of the respondents’ evaluations regarding the issues of safety,
environmental impact and ethics according to the specification in Equation (2).

Using a typical ordered probit model, we assumed that the observed dependent variable
(respondents’ evaluations on a Likert scale of the k* issues related to credence attributes)
approximated the unobserved §;; variable and that the function fin Equation (2) is linear, with:

1 1
§= Z 2 BS ,STEM® GRAD™ + 2 BY tip; + BEATIP + Z B em, w
g=0h=0
+ BSACM + BP GEN +¢

The f’s are regression parameters to be estimated and ¢ is a heteroskedastic error term (robust
standard errors were used in the regressions). For ease of notation we drop the 7 and k subscripts in
Equation (4) and in the remainder of the paper.

Based on the model, we tested three effects on the evaluation of GMO product credence
attributes. The trust effect assesses the influence of trust in the information providers. The null
hypothesis is that all the coefficients of the tipj variables are jointly not statistically different from zero.
The media effect concerns the joint statistical significance of the coefficients of cmu variables. If we fail
to reject the null hypothesis, we concluded that the confidence in reliability of social or traditional
media does not affect the evaluation. Finally, we investigated an education effect, testing the joint
significance of the CPI variables. If the variable coefficients are statistically different from zero, we
conclude that college education (and therefore scientific education) affects the evaluation of credence
attributes.
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Table 2 reports the results of the model estimation for the questions related to GMO products
safety and health. The estimation identifies at least one statistically significant (95% confidence) effect
for all items except the statement “GMO products may cause allergies”.

We detected a trust effect in the evaluation of four items. The influential information providers
are Environmental Associations (4 items), Corporations (3 items), Researchers (2 items) and Farmers
(2 items). Against expectations, trust in physicians does not affect the evaluation of safety issues.

The signs of the coefficients of the tip variable related to Environmental Associations are
opposite to those of the variable related to Corporations. Because the two information providers often
release conflicting statements, the result is consistent with a statistically significant trust effect.

Our data do not support any media effect. The x? test failed to reject the null hypothesis that all
coefficients are jointly equal to zero.

The education effect was detected in three items (safety, possible association with cancer,
possible role in preventing diseases). There is no final evidence of a meta-attitude effect. The
coefficient of the STEM variable in the regression of the allergy claim is not statistically different from
zero and is opposite to the sign of the interaction variable. The data do not show an unconditional,
consistent and statistically significant positive attitude of STEM students toward GMO products.

We find empirical evidence of a trust effect in the evaluation of issues related to GMO product
environmental impact (Table 3). Environmental associations are the main opinion leaders in these
topics. When considering environmental issues, data do not support a statistically significant effect
of trust in researchers at 95% confidence level. Note that researchers are considered among the most
trustworthy sources (Figure 2). Yet, such trust is not considered when evaluating environmental
issues. This result is consistent with the limited evidence of education effect (that we find in one issue
only). There is no evidence of a meta-attitude effect. No evidence of media effect is found.

Table 4 reports the regression results for the respondents’ evaluations of GMO product ethical
issues. The analysis confirms the importance of the trust effect, that is found in all issues. Education
effect is supported by data only for the evaluation of GMO product role in fighting world hunger
(95% confidence level). We do not find evidence of media effects. Noticeably, the coefficient of the
STEM variable in the regression on the claim “GMO products do not respect life” is negative and
statistically significant at 95% confidence level.
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Table 2. Results of the ordered probit regression of respondents’ evaluation of issues related to GMO product health and safety attributes (the dependent variables are
measured on a 1 (totally disagree) to 5 (totally disagree) Likert scale. (p-values marked in bold indicate coefficients that are statistically different from zero at 95% confidence

level)
GMO Products GMO Products GMO Products May GMO Products May GMO Prod. May Help
Are Safe May Cause Cancer Change My Body Cells Cause Allergies Preventing Diseases
Variable Coef. S.Err. p-Val. Coef. S.Err. p-Val. Coef. S.Err.  p-Val. Coef. S.Err. p-Val. Coef. S.Err. p-Val
GEN 0385 0.169 0.022 -0.190 0.159 0.232 -0.089 0.172 0.606 -0.035 0.159 0.824 -0.076 0.169 0.654
GRAD -0.251 0.285 0379 0.645 0366 0.078 -0.258 0.281 0358 -0.390 0259 0132 -0270  0.297 0.363
STEM 0.704 0205 0.001 -0.446 0.195 0.022 -0.315 0.188 0.094 -0.222  0.191 0.244 0.372 0.182 0.042
STEM*GRAD 0548 0525 0296 -0.503 0435 0.247 -0.180 0.505 0.721 0.474 0.527  0.369 0.527 0.541 0.330
tipj variables Farmers 0.019 0.109 0.862 -0.072 0.103 0.487 0.209 0.111 0.060 -0.085 0.103 0.409 -0.224 0.106 0.034
Corporations 0.345 0.095 0.000 -0.291 0.101 0.004 -0.361 0.087 0.000 -0.144 0.095 0.130  0.126 0.090 0.163
Environ. Assoc.  -0.246 0.088 0.005 0.248 0.092 0.007  0.240 0.100 0.016 0.028 0.088 0.753 -0.257  0.081 0.001
Cons. Assoc. -0.058 0.116 0.617 0.066 0.115 0563 -0.179 0.119 0.132 0.168 0.114 0.139  -0.115 0.109 0.291
Physicians -0.062 0.118 0.600 0.001 0.107 0.993 -0.029 0.099 0.772 -0.097  0.115 0.398  -0.093 0.102 0.365
Researchers 0.530 0.126 0.000 -0.364 0.104 0.000 -0.221 0.113 0.052 -0.054 0109 0.619  0.183 0.109 0.092
Friends/Relativ. = -0.065 0.098 0506 0.150 0.123 0.221 0.142 0.113 0.210 0.080 0.118 0.495 0.086 0.104 0.413
ATIP 0.711 0235 0.002 -0.459 0.193 0.017 -0.156 0.253 0.537 0.229 0.235 0.331 0.527 0.226 0.020
cmi variables Newsp./Mag. -0.144 0.157 0.359 0.188 0.164 0.232 -0.028 0.193 0.887 0.351 0.159 0.027  -0.303 0.155 0.051
Radio 0.086 0.146 0553 0.079 0.149 0.597  0.328 0.162 0.043 -0.051 0.163 0.757  0.103 0.157 0.509
TV 0.015 0.158 0926 -0.149 0.139 0.284 -0.091 0.150 0.544 0.138 0.164 0400 -0.138  0.149 0.352
Websites 0.177 0135 0191 -0.032 0.142 0.822 -0.091 0.178 0.611 0.063 0.154 0.682  -0.051 0.152 0.739
Blogs 0.031 0.134 0.815 -0.049 0.148 0.743 0.097 0.149 0.514 0.287 0.147  0.051 -0.331 0.162 0.042
Social Media 0.063 0.124 0.610 0.087 0.109 0.423  0.048 0.119 0.685 0109 0.139 0432  0.044 0.130 0.734
P2P Media -0.137 0.137 0.319 -0.104 0.148 0.482 0.133 0.142 0.350 0.157 0.170 0.358  -0.176 0.160 0.272
e-Buzzword 0.058 0.122 0.634 -0.076 0.102 0.453 0.053 0.107 0.622 -0.036  0.130 0.782  -0.115 0.121 0.341
ACM -0.073 0.158 0.641 0.349 0.143 0.015 0.125 0.154 0.415 0.004 0.148 0981 -0.060 0.142 0.674
constant -1.651 0.788 0.036 5469 1.490 0.000 1.759 0.743 0.018 1251 0739 0.090 -0.698  0.667 0.295
Trust effect X2 49.817 0.000 48.986 0.000 47.820 0.000 8.434 0.296  32.151 0.000
Media effect X2® 6.305 0.505 2.801 0.903 7.075 0.421 3.976 0.783 9.882 0.273

Education eff. X20) 21.392 0.000 13.389 0.004 4.344 0.227 2.891 0.409 9.065 0.028
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Table 3. Results of the ordered probit regression of respondents’ evaluation of issues related to GMO product environmental impact (the dependent variables are measured
on a 1 (totally disagree) to 5 (totally disagree) Likert scale. (p-values marked in bold indicates coefficients that are statistically different from zero at 95% confidence level).

Conventional Products GMO Products Use GMO Products GMO Products May

Are Better for the Less Natural Have Less Help Mitigating

Environment Resources Pesticide Residuals Climate Change
Variable Coef. S. Err. p-Val. Coef. S.Err.  p-Val. Coef. S.Emr.  p-Val Coef. S. Err. p-Val.
GEN -0.119 0.166 0.475 0.011 0.173 0.951 0.255 0.166 0.125 -0.624 0.190 0.001
GRAD -0.075 0.282 0.790 -0.349 0.241 0.148 0.266 0.281 0.345 -0.850 0.328 0.010
STEM -0.021 0.186 0.911 -0.208 0.181 0.249 0.247 0.177 0.162 -0.429 0.174 0.014
STEM*GRAD 0.021 0.422 0.960 0.840 0.452 0.063 0.061 0.509 0.905 0.768 0.392 0.050
tipj Farmers 0.133 0.098 0.173 0.033 0.098 0.734 -0.170 0.095 0.074 0.106 0.093 0.255
variables Corporations -0.255 0.099 0.010 -0.105 0.092 0.255 0.154 0.098 0.115 -0.287 0.092 0.002
Environ. Assoc. 0.171 0.091 0.062 -0.246 0.089 0.006 -0.293 0.092 0.001 -0.013 0.084 0.879
Consumer Assoc. 0.140 0.111 0.210 0.197 0.125 0.116 0.040 0.121 0.744 -0.018 0.122 0.886
Physicians -0.114 0.105 0.278 -0.116 0.109 0.289 0.199 0.104 0.055 -0.112 0.113 0.321
Researchers -0.141 0.126 0.263 0.178 0.111 0.108 0.200 0.106 0.060 -0.112 0.118 0.341
Friends/Relatives 0.024 0.112 0.833 -0.184 0.106 0.082 -0.184 0.104 0.078 -0.045 0.108 0.678
ATIP -0.170 0.204 0.405 0.239 0.239 0.316 0.550 0.222 0.013 -0.520 0.182 0.004
cnu Newspaper -0.102 0.180 0.573 0.344 0.198 0.082 0.035 0.174 0.842 -0.264 0.170 0.120
variables Radio 0.004 0.176 0.983 0.100 0.150 0.504 0.004 0.157 0.979 0.114 0.148 0.441
TV -0.112 0.153 0.465 0.146 0.147 0.321 0.077 0.156 0.623 -0.156 0.158 0.324
Websites -0.248 0.154 0.106 0.103 0.171 0.546 0.075 0.168 0.653 0.193 0.161 0.232
Blogs -0.156 0.164 0.339 0.238 0.176 0.176 -0.117 0.155 0.449 0.047 0.170 0.781
Social Media -0.260 0.125 0.038 0.078 0.120 0.515 0.147 0.123 0.231 0.000 0.136 0.998
P2P Media -0.264 0.170 0.119 0.261 0.157 0.097 0.051 0.170 0.764 -0.088 0.165 0.594
e-Buzzword -0.079 0.132 0.548 -0.016 0.129 0.903 0.057 0.128 0.656 -0.062 0.124 0.618
ACM 0.246 0.145 0.089 -0.102 0.149 0.493 -0.187 0.149 0.208 0.547 0.155 0.000
constant 1.637 0.667 0.014 1.453 0.811 0.073 0.005 0.693 0.994 1.938 0.675 0.004
Trust effect chi2(7) 26.109 0.000 19.896 0.006 37.070 0.000 17.233 0.016
Media effect chi2(7) 9.628 0.292 8.879 0.353 3.357 0.910 8.758 0.363

Education eff. chi2(3) 0.088 0.993 3.789 0.285 3.124 0.373 9.257 0.026
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Table 4. Results of the ordered probit regression of respondents’ evaluation of ethical issues related to GMO products (the dependent variables are measured on a 1 (totally
disagree) to 5 (totally disagree) Likert Scale. (p-values marked in bold indicates coefficients that are statistically different from zero at 95% confidence level).

GMO Products may Help GMO Products GMO Products GMO Products

Fighting World Hunger Are Not Natural Do Not Respect Life Are for Profits Only
Variable Coef. S. Err. p-Val. Coef. S.Err. p-Val.  Coef. S.Err.  p-Val Coef. S.Err.  p-Val
GEN 0.294 0.169 0.082 -0.236  0.171 0.169 -0.432 0.186 0.021 -0.220 0.189 0.245
GRAD -0.648 0.271 0.017 0.103  0.311 0.741 0.058 0.301 0.846  -0466  0.272 0.086
STEM 0.201 0.177 0.256 -0.239  0.202 0.238 -0.446 0.184 0.015 -0.162 0.180 0.370
STEM*GRAD 0.359 0.378 0.342 -0.313  0.438 0.475 0.300 0.398 0.451 0.800 0.394 0.042
tip; Farmers -0.083 0.109 0.446 0.055 0.111 0.623 0.064 0.098 0.518 0.216 0.097 0.026
variables Corporations 0.235 0.111 0.035 -0.374 0.099  0.000 -0.290 0.083 0.000 -0.159  0.087 0.069
Environ. Assoc. -0.135 0.101 0.182 0.078 0.097 0.423 0.099 0.099 0.316 0.222 0.092 0.016
Consumer Assoc. 0.028 0.132 0.830 0.148 0.121 0.220 0.283 0.123 0.021 0.227 0.121 0.059
Physicians 0.104 0.095 0.270 -0.025 0105 0815  -0.056 0.101 0.583  -0.078  0.100 0.434
Researchers 0.162 0.117 0.169 0.013 0.118 0.912 -0.218 0.118 0.064 -0.269 0.116 0.020
Friends/Relatives -0.129 0.112 0.248 -0.006  0.103 0.951 0.099 0.103 0.337 0.189 0.110 0.087
ATIP 0.047 0.226 0.836 0.116 0.211 0.583 -0.167 0.224 0.457 -0.763 0.236 0.001
cmi Newspaper -0.137 0.178 0.440 0255  0.165  0.123 0.026 0.187 0.887 0.005 0.177 0.976
variables Radio -0.183 0.157 0.245 0.145  0.151 0.334 0.196 0.169 0246  -0.103  0.158 0.515
TV 0.176 0.148 0.234 -0.040  0.164 0.806 0.085 0.177 0.633 -0.066 0.148 0.654
Websites -0.112 0.160 0.482 0.158 0.170 0.354 0.032 0.176 0.857 -0.163 0.166 0.325
Blogs -0.184 0.156 0.239 0.012 0.174 0.947 0.124 0.192 0.520 -0.188 0.170 0.270
Social Media -0.189 0.138 0.173 -0.025 0129  0.846 0.043 0.139 0.756 0.199 0.129 0.123
P2P Media 0.163 0.173 0.345 0.038 0.157 0.810 0.014 0.176 0.938 -0.185 0.157 0.239
e-Buzzword -0.168 0.120 0.160 -0.042  0.139 0.762 -0.030 0.139 0.830 -0.147 0.131 0.261
ACM -0.085 0.145 0.558 0313  0.133  0.019 0.283 0.167 0.090 0.382 0.155 0.014
constant 0.963 0.765 0.208 0.655  0.740  0.376 1.309 0.736 0.075 2.957 0.723 0.000
Trust effect chi2(7) 24.497 0.000 25.611 0.000 40.947 0.000 51.866 0.000
Media effect chi2(8) 11.999 0.151 7.837 0.450 3.666 0.886 7.136 0.522

Education effect chi2(3) 12.295 0.006 3.338 0.342 7.539 0.057 4.401 0.221
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4. Discussion

The regression results support the conclusion that educated millennials” beliefs about GMO
products are not driven by scientific knowledge alone. We find statistical evidence that trust in
information providers shapes respondents’ beliefs. The findings confirm previous results in the
literature (e.g., [6,34]). We find a significant trust effect in the evaluation of 12 claims out of 13. The
most influential information providers are Environmental Associations and Corporation (affecting
beliefs in eight claims each).

Our empirical investigation finds that some interested information providers are consistently
associated with positive or negative beliefs about GMO products. Respondents trusting
environmental associations or farmers more are more likely to totally agree with statements stressing
possible risks or downsides of GMO products. Similarly, those trusting corporations more show a
more positive attitude than others. This finding provides empirical support for the assumptions of
theoretical models about information competition in the industry and the role of interested
information providers ([11,43,44]).

The trust effect is heterogeneous across regressions. Trust in environmental associations affects
beliefs about health and environmental claims [56]. Corporation influence, instead, covers ethical
issues as well. Noticeably, trust in researchers is a statistically significant variable in the evaluation
of health concerns only. This finding is only partially consistent with previous literature assessing
the high reputation of researchers [49,50].

These results suggest that educated millennials builds their beliefs considering different
information sources depending on the nature of the issue [57]. Rather than being dependent on a
single information provider, educated millennials are able to combine different sources to build their
evaluations. When health is considered, respondents believe that researchers are the appropriate
sources for competent and unbiased information. When the questions relate to ethical issues,
respondents are influenced by other information providers and researchers and scientific knowledge
become almost irrelevant. Interestingly, the evaluation of environmental issues is closer to the pattern
detected for ethical claims than for health ones [58] This finding partially contrasts with previous
studies (such as [41]) concluding that education programs were needed in order to promote a
scientific assessment of GMO products. Our analysis suggests that such programs might not affect
the evaluation of ethical and environmental claims.

Our model does not provide evidence of any media effect. The tests on the joint statistical
significance of the cm variables about the confidence in media reliability failed to reject the null
hypothesis in all regressions. We conclude that, after controlling for trust, the role of media in
determining educated millennials’ beliefs is marginal. Media can be considered as the means
information providers use to reach consumers, and have no role per se. This result contradicts
previous studies reporting a media effect ([8,10,59]) and calls for future research.

An education effect, measuring the impact of respondents’ scientific knowledge, is found mainly
in the regressions of health claims (except for the one about allergies). One environmental claim
(about climate change mitigation) and one ethical claim (about fighting world hunger) show a
statistically significant education effect as well. Similar to trust effect, impact of education on beliefs
depends on the issue considered and it appears to be associated mainly with health concerns.

We did not find decisive evidence of a positive meta-attitude effect in STEM students. The
coefficients of the STEM variable, when statistically significant, is consistently associated with
positive beliefs about GMO products, with the exception of the claim about climate change
mitigation. However, there is no consistent evidence of a decisive education effect in the evaluation
of ethical claims, suggesting that STEM students have no ethical bias in favor of GMO products.

5. Conclusions

We investigated the factors affecting educated millennials” evaluation of credence attributes of
GMO products. We found that educated millennials build their beliefs regarding health,
environmental and ethical issues in GMO product consumption using a mix of scientific knowledge
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and trust in information providers. The role of the two drivers differs depending on the issue
considered. Scientific knowledge is associated mainly with health claims, while trust effects are
almost ubiquitous. Once trust effect is controlled for, confidence in the reliability of traditional and
social media does not affect respondents’ beliefs. This result contradicts previous literature.

Our results suffer from two main limitations. We focus on a very specific population segment:
college students from mid-size universities in central Italy. This choice has a clear advantage of
providing a population as homogenous as possible, limiting the possible bias from unobserved
heterogeneity. Yet, the approach may limit the generality of results and future research is needed to
confirm the results.

A second limitation is due to the use of stated beliefs in our analysis. Although we reduced
possible problems by focusing on general claims (instead of stated behavior), still the use of
hypothetical statements may suffer from self-representation bias. Further research might be needed
in this regard, to confirm the results using different approaches (such as experiments).

The results of our analysis question few conclusions in the literature regarding the role of social
media and the effectiveness of information programs. Further research in the field might focus on
two main direction. The first issue is the disentangling of the trust and the media effects to confirm
(or contradict) the preeminence of the former on the latter. The second direction concerns the
explanation of why the role of scientific knowledge in determining beliefs depends on the nature of
the issues.
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C.R. and M.S. All authors have read and agreed to the published version of the manuscript

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.
Appendix A. English Translation of the Questionnaire

Identification of the Data Collector:
[...]

Privacy Statement and Data Treatment

[...]

Objective of the Survey:

This questionnaire contributes to a study on young consumers’ perception of food products
containing genetically modified products (GMO products). According to the World Health
Organization, “genetically modified (GM) foods are foods derived from organisms whose genetic
material (DNA) has been modified in a way that does not occur naturally, e.g., through the
introduction of a gene from a different organism. The technology is often called “modern
biotechnology” or “gene technology”, sometimes also “recombinant DNA technology” or “genetic
engineering”. Currently available GM foods stem mostly from plants, but in the future foods derived
from GM microorganisms or GM animals are likely to be introduced on the market. Most existing
genetically modified crops have been developed to improve yield through the introduction of
resistance to plant diseases or of increased tolerance of herbicides. GM foods can also allow for
reductions in food prices through improved yields and reliability.

We kindly ask you to answer to the following questions about your own perception. The first
part of the questionnaire collects few demographic data, the second part asks you to agree or disagree
with a set of statements regarding GMO products and the third part investigates your trust in a list
of information providers and media.
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The survey targets college students less than 36 years old (millennials). If you are not in this
group, please disregard the questionnaire. We thank you for your time and support in our research.

I read and accept the privacy statement
Yes 0O No O
I give my consent to data treatment

Yes 0 No O

Part I: Background Information

Residence (NUTS2):
Gender:

Age:

Education (diploma):

Are you enrolled in a university program?

No OO

Yes, undergraduate O
Yes, master’s [

Yes, other [

What kind of program are you enrolled in?

STEM (Science, Technology, Engineering, Mathematics) field O

Other fields O

Part II: Perception of GMO Products

Please rate how much you agree or disagree with the following statement on a five-point scale:

1: Totally disagree, 2: Disagree, 3: Neither agree nor disagree, 4: Agree, 5: Totally agree

1

2

3

GMO products are safe

GMO products may cause cancer

GMO products may change my body cells

GMO products may cause allergies

GMO products may help preventing diseases

Conventional products (NO GMO) are better for the environment

GMO products use fewer natural resources (water, soil, etc.)

GMO products use less pesticides

GMO products help mitigating climate change

GMO products help fighting world hunger

GMO products are not natural

GMO products do not respect life

The only reason for producing GMO products is firms’ profit

Part 11T Assessment of Information Providers and Media

The following groups often release information about GMO products. Please rate how much
they are trustworthy on a 1-to-5 scale: 1: Totally untrustworthy, 2: Untrustworthy, 3: Neither

trustworthy nor untrustworthy, 4: Trustworthy, 5: Totally trustworthy.
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4 5
Farmers
Corporations

Environmental associations

Consumer associations

Physicians

Researchers

Friends/relatives

Other experts

The following media often report news and information about GMO products. Please rate how
confident you are in their reliability on a 1-to-5 scale: 1: Totally unreliable, 2: Unreliable, 3: Neither

reliable nor unreliable, 4: Reliable, 5: Totally reliable.

Newspapers, magazines

Radio

TV

Websites

Blogs

Social media (e.g., Facebook, Instagram)

P2P media (aggregators of user comments such as TripAdvisor, etc.)

e-Buzzword (e.g., WhatsApp, etc.)

Other media
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