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Revisiting public debate on Genetic Modification and
Genetically Modified Organisms. Explanations for
contemporary Dutch public attitudes

Lucien Hanssen, Anne M. Dijkstra, Susanne Sleenhoff, Lynn J. Frewer
and Jan M. Gutteling

Genetic Modification (GM) has been a topic of public debates during the
1990s and 2000s. In this paper we explore the relative importance of two
hypothesized explanations for these controversies: (i) people’s general
attitude toward science and technology and (ii) their trust in governance, in
GM actors, and in GM regulations, in explaining the Dutch public’s Attitude
toward GM applications, and in addition to that, the public’s GM Information
seeking behaviour. This will be conducted through the application of
representative survey methodology. The results indicate that Attitudes
toward GM applications are best predicted by both the attitude toward
science and technology and three trust measures. GM information seeking
is predicted by gender and educational level, as well as attitude toward
science and technology, trust in organisations and trust in regulations
(negative). Overall, psychological variables seem better predictors than
demographics. Implications for future research on information seeking
behaviour are discussed.

Abstract

Public perception of science and technology; Risk communication; Science
communication: theory and models
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Introduction Genetic Modification (GM) and Genetically Modified Organisms (GMOs) have
been a topic of many public debates during the 1990s and 2000s in Europe in
general, and the Netherlands specifically [Durant, Bauer and Gaskell, 1998; Bauer
and Gaskell, 2001; Gutteling et al., 2006]. Studies such as the Eurobarometer
surveys, which have been conducted periodically since the early 1990s, have shown
negative public attitudes toward GM and GMOs in most countries in Europe
[Gaskell et al., 2010]. The latest comparative quantitative European study that
included Dutch attitudes, again a Eurobarometer-survey, dates from 2010 and
showed that around 30% of the Dutch population was in favour of applications of
GM in food, while, in contrast, medical applications of GM were supported by 70%
of the Dutch population [Eurobarometer, 2010].
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Based on new unpublished data, this paper focuses on developing new explan-
ations for contemporary public attitudes toward GM and GM applications which
have become an issue of considerable interest in the scientific literature. Previously,
research has suggested that individuals with more positive or negative attitudes
toward science and technology are associated with more positive or negative
attitudes toward GM [e.g. Cormick and Romanach, 2014]. For instance, Kahan
et al. [2009] have found support for nanotechnology, particularly among people
with a pro-technology cultural orientation, when they were exposed to information
about nanotechnology. Earlier survey research in the United States and Europe
has showed that attitudes toward nanotechnology are determined by cultural value
differences in the appreciation of technological innovations [Gaskell et al., 2005].
Several authors have pointed out the relationship between attitudes and the public’s
trust in businesses, public agencies, governments or public interest groups is an
important determinant of attitudes. All of these interest groups potentially commu-
nicate about biotechnology to promote different perspectives or vested interests [e.g.
Landrum et al., 2018; Marques, Critchley and Walshe, 2015; Post and Maier, 2016].

In addition to public attitudes, we also focus on an individual’s information
seeking behaviour. Information is an important component in formation of
attitudes in societal dilemmas such as the use of genetic modification technologies
[Jennings, 2018; Vugt, 2009]. Over the last 20 years, the information landscape has
changed considerably, from a delivery-dependent population (e.g. mass media, or
governmental campaigns providing general information) to a situation where
many people actively and continuously search for information which is of personal
interest on social media [Rutsaert et al., 2013; Rutsaert et al., 2014; Van Dijck, Poell
and De Waal, 2016].

In this paper, we will explore the relative importance of two explanations of the
Dutch public’s Attitude toward GM applications and their GM Information seeking
behaviour. Specifically these will assess the relationship between people’s ‘Attitudes
toward science and technology’, and their ‘Trust in governance organizations with
responsibility for regulating GM’. These two issues will be explored through the
application of representative survey methodologies.

Theoretical
perspectives

Developments in genetic modification

Biotechnology has been developing rapidly since the emergence of recombinant
DNA technologies in the 1990s. Today digitization and robotization of laboratory
processes has resulted in the science of genetic modification becoming more precise
and accessible to potential users, as well as being cheaper in terms of development
costs. Improved reading and analysing of DNA, together with the application of
new genome editing techniques such as CRISPR-Cas systems, has made it possible
to genetically modify organisms precisely and quickly [Sander and Joung, 2014;
Kim and Kim, 2014]. A question arises as to whether society will accept the
application and consequences of such rapid technological advances. The public
image of biotechnology may not have changed since the 1990s. Specific cases of
DNA technology applications have attracted media and stakeholder attention and
societal discussion, for example Dolly the sheep, the Human Genome Project or
Golden Rice. However, it is arguable that few outside the biotechnology “inner
circle” are aware of the radical changes that have taken, and continue to take, place
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in terms of scientific advances [Reardon, 2016; Editorial, 2016]. There is also an
observable difference in implementation of GM technologies between the EU and
the rest of the world, in particular in relation to GM crops [Cyranoski, 2010; Lucht,
2015]. For example, in recent years the planting of new GM crops has increased in
North and Latin America, as well as in Asia, while planting has decreased in
Europe [James, 2016].

At the same time, it has been observed that the distinction between new breeding
techniques and conventional types of crop breeding are no longer as delineated as
before [COGEM, 2016; Border and Walker, 2017]. When applied to plants, these
new techniques enable faster, more precise and more directed results than is
possible using conventional breeding techniques. These new methods provide
opportunities that enable responses to societal challenges, such as the development
of more sustainable agricultural practices, combatting climate change, and the
transition toward a sustainable bio-based economy. New gene-editing tools also
open new possibilities in relation to the modification of the genome of animals with
the potential to enhance productivity or disease resistance in major livestock
species, and to produce medicines or human organs for transplantation [COGEM,
2016; Border and Dawson, 2016]. As well as delivering intentioned benefits, these
developments raise important questions regarding governance as well as societal
and ethical concerns [Frewer et al., 2013; COGEM, 2016; Border and Dawson, 2016].
In addition, there is the dilemma of rising public awareness in an inclusive,
transparent and responsible manner [Cooke and Kothari, 2001; Irwin, 2014;
Hanssen, 2009; Leyser, 2014]. Consequently, it is not clear how public attitudes
toward early genetic modification and contemporary genome editing and its
applications will develop, change and crystallise as novel applications come “on
stream” [Kronberger, Wagner and Nagata, 2014; Nerlich and McLeod, 2016;
Rousselière and Rousselière, 2017].

In the section below, we outline a short theoretical context for the two dependent
variables in our study: the Dutch public’s Attitude toward GM applications, and their
GM Information seeking behaviour.

Attitude toward GM applications

Dutch public protests were triggered by the arrival of imported GM maize into Rot-
terdam in the Autumn of 1996 [Van der Veer et al., 2001], and with Dolly the cloned
sheep, which was introduced in February 1997 [Einsiedel et al., 2002]. The media
coverage of GM foods increased considerably [e.g. see, inter alia, Bauer et al., 2001;
Frewer, Miles and Marsh, 2002]. At the same time, non-governmental organizations
(NGOs) opposing GMOs increased their profile and activities in Europe, with
their campaigns being taken up and multiplied by media attention. Frewer et al.
[2013] reviewed 70 empirical articles through a meta-analysis of perceptions of GM
for food applications. The results indicate that both perception of risks and benefits
of GM food applications increased over the years. Generally speaking, the results
suggest that Europeans perceive more risks than people from the U.S. or Asia.
However, ethical and moral objections were stronger in the U.S. than in Europe.

Gaskell et al. [2004] started from the premise that some stakeholders believed that
the societal resistance to GM food was primarily due to a “biased” risk perception
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of the public, which could be corrected through “accurate” information provision
by trusted sources. However, according to Gaskell and co-authors, this strategy
assumed that the benefits of GM food will be self-evident. Inspired by a series of
interviews with non-experts, they analysed data from Eurobarometer surveys to
test the hypothesis that it is not risk perception that causes resistance to European
citizens, but rather the lack of perceived benefits of GM foods. Some respondents
see both pros and cons and could come to a decision based on a rational
consideration. For others, it seems that the assumed benefits could greatly
influence their final assessment of GM foods.

Since the late 1990s, various researchers have attempted to assess (changes in)
public attitudes toward GM and GMOs in the Netherlands [e.g. Gutteling, 2002;
Gutteling et al., 2006; Dijkstra, 2008]. As previously discussed, the 2010
Eurobarometer showed that the Dutch public is not enthusiastic about the use of
GM in food. Those who oppose GM foods are generally concerned about how
natural DNA modification is. Respondents indicated that they were worried about
safety, and a lack of direct consumer benefits, associated with technological
developments. At the same time, the Eurobarometer results showed a cautious
level of public support for a new generation of GM applications, such as the
introduction of wild apple genes into apples obtained by cisgenesis. Of the Dutch
respondents, 48 percent suggested that this development should continue, while 46
percent disagreed [Eurobarometer, 2010, p. 94]. Applications in the medical sector
or those focused on industrial production were less likely to be associated with
societal resistance. Support for medical applications such as stem cell research was
high in the Netherlands with 74 percent of participants in favour, provided that this
type of research is subject to strict legislation [Eurobarometer, 2010, p. 117].

The influence of cultural orientation in relation to risk perception is central to
the research of Kahan, Jenkins-Smith and Braman [2011]. They focused on cultural
orientations, studying risk perceptions of “scientific facts” through the lens of cul-
tural orientation. Cultural orientation can influence the extent to which one accepts
certain facts regarding risks as reflecting reality [Kahan et al., 2009; Kahan, Jenkins-
Smith and Braman, 2011; Kahan et al., 2012]. This Cultural Cognition approach
has been used to explain attitude polarisation in relation to climate change, nuclear
power or nanotechnology in the United States. People’s political orientation plays
an important role in explaining the cultural orientations toward various topics, es-
pecially the Bi-partisan orientation as that is found in the United States. In contrast,
the Dutch political landscape is formed by a multi-party system, with 21 political
parties running for the elections in 2012. Thereby the Dutch political landscape is
characterised by a consensus democracy, meaning that parties have to work together
striving for a broad consensus in order to implement policies or make laws. Current
GM and GMO legislation in the Netherlands originates within the European
Commission, and GM implementation is strictly regulated and legislation is
mainly focused on the safety aspects of GMOs and GM techniques [COGEM, 2016].

Another approach to understanding the public’s attitude formation is the Gateway
Belief Model [van der Linden et al., 2015]. The model suggests that public attitudes
toward scientific issues such as climate change or GM food are driven by people’s
perception of the degree of scientific consensus on that issue [van der Linden et al.,
2015; Dixon, 2016]. Although people are likely to rely on their political, cultural and
value predispositions when they are processing new information, the Gateway
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Belief Model suggests that people’s attitudes toward technologies are influenced by
their perception of what scientists believe. Despite many ongoing discussions there
still is no scientific [Hilbeck et al., 2015] or political consensus [COGEM, 2016] on
the safety of GMOs in Europe.

Various authors have emphasised the importance of better understanding
attitudes, not only toward GM but also toward other emerging technologies
as nanotechnology [Cormick, 2009; Currall, 2009; Einsiedel and Goldenberg, 2004].
Research, mainly conducted in the U.S. and U.K., suggests that attitudes toward, for
example, nanotechnology are determined by a range of factors as value differences
[Gaskell et al., 2005], and religious beliefs [Scheufele and Lewenstein, 2005].
Earlier research showed that the Dutch, within Europe, are the most optimistic
about the possibilities of science and technology to cure diseases [Dijkstra,
2008]. A segmentation study, conducted in 2011 [Cormick and Romanach, 2014],
studied the role of different values in shaping attitudes toward biotechnology. Four
segments were defined from values-based statements about science and technology
in general, and its possible meaning in daily lives of people. Investigating
support for GM applications within each of the four segments also provided
insights into how these values aligned with attitudes toward different technologies.
For example, the group with values most supportive of science and technology,
who at the same time were not concerned about people “tampering with nature”
as part of scientific and technological progress, had attitudes more in favour
of biotechnology than other groups of people [Cormick and Romanach, 2014].

GM information seeking behaviour

Information Seeking models are not frequently used in the context of GM
[Jennings, 2018]. This study provides the opportunity to study information seeking
in this particular context. Scholars have identified individual risk information
seeking behaviour as an important predictor of both an individual’s propensity to
accept a risk, or taking risk-mitigation actions in times of crisis. The motives for
individual risk information seeking have been reported to be related to acquisition
of knowledge, the reduction of risk or uncertainty associated with the risk, or to
enable sharing or comparing information with important others [Griffin,
Dunwoody and Neuwirth, 1999; Huurne and Gutteling, 2008]. The assumption is
that individuals develop the intention to seek information in case of a perceived
shortage in knowledge or understanding. This reasoning is also assumed in the
Risk Information Seeking and Processing model (RISP) that identifies the gap
between present knowledge and needed knowledge as the psychological motive
‘information insufficiency’ [Griffin, Dunwoody and Neuwirth, 1999; Yang, Aloe
and Feeley, 2014]. Affective reactions, or emotions, may also stimulate risk
information seeking [Griffin et al., 2008]. A relatively high frequency of GM
information seeking could be an indication of a negative attitude toward GM.

The RISP assumes that the individual needs, or prefers, to hold a level of certainty
on risk issues [Yang, Aloe and Feeley, 2014]. When uncertainty associated with the
risk increases, the need for risk information develops and information seeking
behaviour will occur. The model further suggests that uncertainty, trust in other
people, and the information these people can potentially provide about a specific
risk is interrelated. The individual’s social network may influence the individual’s
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need for information, and their information seeking behaviours. When important
others are assumed to have specific knowledge about relevant issues, the
individual is stimulated to seek information to be able to compare her or his skills
and knowledge with that of others. Kahlor et al. [2006] confirmed that perceived
peer pressure to be well informed about a risk represents a powerful predictor of
information seeking.

Trust is an important element of the RISP model. According to Petts [2000], trust is
one of the main influences of risk perceptions or attitudes, and the way people react
to (risk) communication. “Trust is a psychological state comprising the intention to
accept vulnerability based on positive expectations of the intentions or behaviour of
another” [Rousseau et al., 1998, p. 395]. When granting trust to others, according to
various scientific approaches, a number of perceived characteristics of the “object”
of trust are relevant. For example, the extent to which an expert is perceived
to be “competent” influences the extent to which they are trusted. “Fairness”
generates trust if people perceive that all stakeholder perspectives are addressed.
“Objectivity” refers to the individual or institution which is the focus of trust to
provide non-biased information. Next there is “consistency”: the behaviour of the
one to be trusted and whether his or her expressions are predictable; “transparency”
refers to openness and access to information; and “empathy” to a sense
of good intentions in compiling information and a duty of care for others [Connor
and Siegrist, 2010; Frewer, Scholderer and Bredahl, 2003; Petts, 2000; Poortinga
and Pidgeon, 2005; Siegrist, Earle and Gutscher, 2003; Renn and Benighaus, 2013].

Research questions

Information seeking models have been infrequently applied in the context of GM.
The research presented here is exploratory rather than confirmatory. Our research
questions are: what is the relative predictive value of the independent variables: (1)
Attitude toward science and technology, and (2) Trust in governance, Trust in GM
organizations and Trust in GM regulations, on the dependent variables: (a) Attitude
toward GM applications, and (b) GM Information seeking behaviour?

Method Survey methodology was used to assess the attitudes of a representative sample of
the Dutch population of 18 years and older. All data were collected between March
11, 2015 and April 3, 2015, by a commercial company NewCom Research, which
specialises in opinion polling and is based in Amsterdam. Previous quantitative
studies have suggested that online data collection is fast and allows the researcher
to collect the opinion of many respondents in a relatively limited span of time.
However, Dutch online samples tend to be skewed on demographics such as age
group or educational level [personal communication project manager NewCom
Research]. Older and less educated people tend to be underrepresented in online
surveys. For that reason, we combined an online survey with telephone interviews,
resulting in a total sample of N=1208 (online n=809; telephone n=399, with a
response rate of 27%). In the telephone interviews people who declined to
cooperate were asked why they did so. The main reasons were: no interest in
contributing (66%), no time (17%), the topic itself (6%), or language issues (3%).

Demographic characteristics of the final sample (N=1208) were compared to the
Dutch national census data of 2015 [CBS, 2016]. The sample consisted of 46.4% men,
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while 49.1% of the Dutch population is male. The sample consisted of more re-
spondents from 65 years and older than the Dutch population (29.1% versus 21.8%)
while younger age groups were slightly underrepresented (7.5% versus 10.9% for
18 to 24 years, and 10.8% versus 15.3% for 25 to 34 years). We took no further action
to weigh these differences in our statistical analysis because they were very small.

Measurement instrument

Items were selected for inclusion in the questionnaire based on previous findings
from the literature as well as those specifically developed for this study. A
supervisory committee, consisting of scholars and experts from various disciplines
related to GM, reviewed the items to be included, and the questionnaire was tested
online (n=100) to improve the construction of the measures if required. The
questionnaire consisted of four sections. A 5-point Likert-type scale accompanied
the majority of the items. When applicable, a reliability analysis was performed to
indicate internal consistency (Cronbach’s alpha).

The first section of the questionnaire was designed to measure general attitudes
and included six general statements derived from [Cormick and Romanach, 2014],
which measured general attitudes toward science and technology. Originally, both
authors included an item about people’s faith, but this statement was replaced with
the statement ‘Science and technology make our lives easier and healthier’
[Eurobarometer, 2013]. All items were measured with 5-point scales ranging from
‘completely disagree’ to ‘completely agree’. The item ‘Children must be protected from
all risks’, correlated poorly with the other items. Therefore, a construct was created
containing five items excluding this item. The final 5-item reliability analysis
showed an acceptable internal consistency for the scale (Cronbach’s α = .63).1

The second section consisted of measures related to GM and GMOs information
seeking behaviour. Respondents were asked about GM information seeking
behaviour, that is, ‘How frequently they would use which sources to get information about
GM and GMOs’ (4 items: Radio and TV, the internet, social media, print media),
5-point Likert scale from ‘no, never’ to ‘yes, very often’; Cronbach’s α = .76).

In the third section, respondents’ attitudes toward three specific GM applications
(App) were measured in the context of the environmental, food and medical
domains. Two items asked about each application. The applications were as
follows: (App1) The use of detergents containing enzymes made by GM: ‘I do not
really mind what is in a detergent, if only it is affordable’ and ‘I buy detergents in the
organic shop because than I am sure that there are no enzymes in it made using genetic
modification’; (App2) The use of GM for the development of a new potato breed that
is resistant to potato blight: ‘Farmers need to decide if they are going to use this
new-potato breed or not’ and ‘I think that potatoes of this new breed may be sold in the store
as consumer potatoes’; (App3) the use of GM for making artificial insulin: ‘I think it’s
important that enough and good medicines are available, even though they are made using
genetic modification’ and ‘I only use medicines of which I know that they not have been
made using genetic modification’. Each application was introduced by a short and

1Under certain conditions a Cronbach’s alpha > .60 is acceptable [Loewenthal, 2004]. Such
conditions apply to this measurement: we used an existing and modified scale in a new (Dutch)
context, and we took a considerable sample (N=1208).
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neutral explanatory text. For all six items respondents could answer on a 5-point
Likert scale ranging from ‘completely disagree’ to ‘completely agree’. Recoding of
the second and last item so that a higher score on an item would indicate a more
positive attitude toward GM applications, and resulted in an acceptable Cronbach’s
alpha for the Attitude toward GM applications variable (Cronbach’s α = .67).

In the fourth section, six items related to governance issues based on previous
findings of Gutteling et al. [2006] (5-point Likert scale from ‘completely disagree’ to
‘completely agree; Cronbach’s α = .73). In addition, nine items asked about trust in
various organizations related to GM and GMOs (5-point Likert scale from
‘completely distrust to ‘completely trust’; Cronbach’s α = .79). Finally, trust in rules
and regulations related to GM and GMOs was included (4 items, 5-point Likert
scale ranging from ‘completely disagree’ to ‘completely agree’ Cronbach’s α = .91).
See appendix A for all trust items.

Finally, demographic information was collected: Gender, Age group, Level of
education, and Household size.

Results First, descriptive statistics are presented consisting of the Means and Standard
Deviations (SDs) of the measured variables, as well as their inter-correlation
(Table 1). Second, regression analysis will answer the primary question regarding
the relative importance of the conceptual explanations for people’s ‘Attitude
toward GM applications’ or ‘GM information seeking’ preferences, that is the
independent variables ‘Attitude toward science and technology’, and the three
trust-measures: ‘Trust in governance’, ‘Trust in organizations’, and ‘Trust in
regulations’. Demographics were also included in this regression.

Descriptive analysis

To understand the relationships between the measures, we correlated each of the
six variables with each other. The matrix shows multiple significant and positive
correlations with p-values smaller than 0.01.

Table 1. Correlations, Means and Standard Deviations for the six variables under study
(n=1208).

Mean SD 2 3 4 5 6
1. Attitude toward Science
and Technology

3.12 0.65 .26** .20** .09** .20** .10**

2. Attitude toward GM
Applications

3.81 0.65 -.16** .32** .33** .35**

3. GM Information Seeking 1.82 0.73 -.12** -.01 -.20**
4. Trust in Governance 3.29 0.70 .55** .57**
5. Trust in GM Organizations 3.17 0.64 .50**
6. Trust in GM Regulations 3.51 1.12
Interpretation of means: all variables min-max=1–5, with 5 the highest level.
** p < .01.

Table 4 in the appendix B presents the means and standard deviations for the six
variables in Table 1, broken down by the four demographic variables: Gender,
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Educational level, Age, group, and Household size. On average the means in
Table 1 indicate that the sample, representing the Dutch population, is reasonably
positive toward GM applications (3.81), has a relatively high, to scale midpoint,
level of trust in GM regulations (3.51), and has positive expectations toward
governance issues (3.29) and GM organizations (3.17). The self-reported frequencies
of seeking GM information in media and social sources is rather low (1.82).
Attitudes toward science and technology are just above the scale midpoint (3.12).

The general ‘Attitude toward science and technology’ measure correlates
significantly and positively with all other measures, i.e. ‘Attitude toward GM
applications’, ‘GM Information seeking’, ‘Trust in governance’, ‘Trust in
organizations’ and ‘Trust in regulations’. In addition, ‘Attitude toward GM
applications’ correlates significantly with all three Trust-measures as well, but
negatively with the frequency of ‘GM Information seeking’. Furthermore, the
findings show that ‘GM Information seeking’ correlates weakly (negative) with the
three Trust-measures.

Advanced analysis

Tables 2 and 3 present the data regarding the regression analysis, with the ‘Attitude
toward GM applications’ and ‘GM information seeking’ as dependent variables.
For both analyses hierarchical analysis was applied in which the first step, Model 1,
of independent variables consisted of Demographics (Gender, Age group,
Educational level, Household size). The second step, Model 2, added the Attitude
toward science and technology to the equation. And the third and final step, Model
3, inserted the three Trust-measures (Trust in governance, Trust in organizations,
and Trust in regulations). Table 2 summarises the overall statistics of the analysis,
and Table 3 presents the beta’s and significance levels for each independent
variables in each of the three steps of the analysis.

Table 2. Regression Analysis Model Summary: dependent variables Attitude toward GM
Applications and GM Information Seeking.

Model (M) R R2 F change df Sign.
Attitude toward
GM Applications
M 1 .073 .005 1.317 4.974 .262
M 2 .309 .095 96.714 1.973 < .001
M 3 .458 .210 46.860 3.970 < .001
GM Information
Seeking
M 1 .261 .064 17.852 4.974 < .001
M 2 .271 .069 5.554 1.973 < .05
M 3 .339 .108 15.191 3.970 < .001
Independents per Model:
Model 1: Demographics (Gender, Age group, Educational level, Household size)
Model 2: Demographics, and Attitude toward Science and Technology
Model 3: Demographics, Attitude toward Science and Technology, and

Trust in Governance, Trust in Organizations, Trust in Regulations

Table 2 indicates that the demographic variables (Model 1) predict ‘GM
Information seeking’ significantly (F(4, 974) = 17.852, p < .001), but not the
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‘Attitude toward GM applications’. Adding the ‘Attitude toward science and
technology’ significantly contributes to the explained variance of the ‘Attitude
toward GM applications’ (F(1, 973) = 96.714, p < .001) and ‘GM Information
seeking’ (F(1,973) = 5.554, p = .019). With this addition the explained variance in
the dependent variables increases to 9.5% and 6.9% respectively. The increase in
explanatory power is higher for ‘Attitude toward GM applications’ (increase from
0.5% to 9.5%), compared to ‘GM Information seeking’ (increase from 6.4% to 6.9%).
When the third set of independent variables is added, the ‘Attitude toward GM
applications’ is even better explained (21.0%). This addition is statistically
significant (F(3, 970) = 46.86, p < .001). The increase in the explained variance of
‘GM Information seeking’ is relatively small but significant (increase from 6.9% to
10.8%, F(3, 970) = 15.191, p < .001).

Table 3. Coefficients, t-values and significance levels for independent variables in the three
analysed Models. Dependent variables: attitude toward GM Applications and GM Inform-
ation Seeking.

Model 1 Model 2 Model 3
Attitude toward Beta t Beta t Beta t
GM Applications
Gender .010 -.299 .057 1.763 .40 1.331
Age group .049 1.11 .068 2.063 * .058 1.865
Educational level .015 -.453 -.101 -3.135 ** -.037 -1.219
Household size .061 1.43 .072 2.276 .047 0.589
Att Science Technol. .320 9.834 *** .234 7.410 ***
Trust in Governance .112 2.960 **
Trust in Organizations .102 2.816 **
Trust in Regulations .201 5.422 ***
GM Information
Seeking
Gender -.087 -2.701 * -.070 -2.151 * -.074 -2.312 *
Age group -.029 -0.870 -.025 -0.730 -.013 -0.385
Educational level .240 7.609 *** .219 6.697 *** .192 5.902 ***
Household size -.038 -1.189 -.036 -1.108 -.017 -0.549
Att Science Technol. .078 2.357 * .091 2.718 **
Trust in Governance -.042 -1.038
Trust in Organizations .126 3.267 **
Trust in Regulations -.220 -5.619 ***
* p < .05, ** p < .01, *** p < .001
Independents per Model:
Model 1: Demographics (Gender, Age group, Educational level, Household size)
Model 2: Demographics, and Attitude toward Science and Technology
Model 3: Demographics, Attitude toward Science and Technology, and

Trust in Governance, Trust in Organizations, Trust in Regulations
The four demographic variables are coded as in Table 4 in the appendix B.

Table 3 presents each of the individual independent variables and their predictive
power (Beta and significance level) for the three separate models, for both the
‘Attitude toward GM applications’ and ‘GM Information seeking’. For ‘Attitude
toward GM applications’ the most complex model (model 3) has ‘Attitude toward
science and technology’, ‘Trust in governance’, ‘Trust in organizations’ and ‘Trust in
regulations’ as significant predictors. For ‘GM Information seeking’, ‘Gender’ and
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‘Educational level’ are significant predictors, however ‘Trust in governance’ does
not predict ‘GM Information seeking’. For ‘Attitude toward GM applications’ the
‘Attitude toward science and technology’ appears to be the most powerful
predictor (Beta= .234, p < .001). ‘GM Information Seeking’ is predicted best by
‘Trust in regulations’ (Beta= .220, p < .001).

Discussion and
conclusions

The aim of this paper is to explore two hypothesized explanations for the public’s
Attitude toward GM applications and toward people’s GM Information seeking
preferences, namely the more general Attitude toward science and technology and
the three Trust-measures. The data for this study were collected with a quantitative
study, by means of a sample representative for the Dutch population of 18 years
and older (N=1208). The data suggest that on average the Dutch population is
somewhat positive toward GM applications, and has a relatively high level of trust
in GM regulations, and a positive expectation toward governance issues and GM
organizations. The frequency with which people seek GM information is low. Their
attitude toward science and technology is just above the scale midpoint.

In Table 1 we see that the general ‘Attitude toward science and technology’ measure
correlates significantly and positively with all other measures, that is with ‘Attitude
toward GM applications’, ‘GM Information seeking’, ‘Trust in governance’, ‘Trust
in organizations’ and ‘Trust in regulations’. This is true also for ‘Attitude toward
GM applications’, with the exception of ‘GM Information seeking’ where we see a
significant but negative correlation. Furthermore, the findings show that ‘GM
Information seeking’ correlates negatively with ‘Attitude toward GM applications’
and correlates negatively with ‘Trust in governance’ and ‘Trust in regulations’.

These findings correspond to the RISP Model [Griffin, Dunwoody and Neuwirth,
1999; Yang, Aloe and Feeley, 2014] which means that a relatively high frequency of
GM information seeking, would be an indication of a negative attitude toward GM,
or a low level of trust in governance or in regulations. This seems to indicate that
when people don’t experience GM applications as an issue, their information
seeking behaviour declines. Future studies might shed light on how this
phenomenon might impact the overall communication with stakeholders and
publics on GM and GMOs.

The Regression Analysis in Table 2 shows for both dependent variables Attitude
toward GM applications and GM Information seeking that ‘Attitude toward science
and technology’, ‘Trust in organizations’ and ‘Trust in regulations’ are significant
predictors. For the first dependent variable Attitude toward GM applications ‘Trust in
Governance’ is also a significant predictor. For the second dependent variable GM
Information seeking these are ‘Gender’ and ‘Educational level’. For Attitude toward
GM applications the ‘Attitude toward science and technology’ appears to be the
most powerful predictor. GM Information seeking is predicted best by ‘Trust in
regulations’. The explanatory power of the most complex model for both
dependent variables is relatively low, respectively 21% for Attitudes toward GM
applications, and 10.8% for GM Information seeking. We may conclude that the
psychological variables are better predictors than demographics.

Most respondents apparently are not intrinsically in favour of or opposed against
genetic modification or genetically modified organisms. Their attitude is more
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complex and is related to their general attitude toward science and technology, and
to different aspects of trust. The research shows that respondents, regardless of
their attitude toward science and technology, are not actively searching for
information on GM and GMOs. This is also in line with previous studies that
showed that most of the Dutch act passively toward biotechnology. Only when
direct personal interests play a role people show a more active and engaging
behaviour [Dijkstra et al., 2012; Gutteling et al., 2006]. Nevertheless, a positive
attitude toward science and technology is also linked to a higher level of
information seeking.

The analysis further shows that when the attitude of respondents toward science
and technology is positive, this is associated with greater confidence in government
and business and a steering role for both actors. The results also suggest that
respondents themselves do not always think they are able to judge GM
developments and want to delegate this - as a kind of watchdog task - to NGOs
and other civil society organizations without direct interests in GM innovations as
we have seen in the independent variables ‘Trust in organizations’ and ‘Trust in
regulations’ which are significant predictors. The results support the idea that a
more positive attitude toward science and technology is positively related to the
attitude toward the three GM applications.

Further research

For the public it is becoming more difficult to indicate developments in the use of
genetic modification. There is a lack of knowledge and people are not actively
seeking for information as our study shows. At the same time, social media will
pick up these new applications and the framing will be decisive for imaging and
public perception. Discussions on social media usually do not focus on the
technology itself, but on broader issues such as safety, health, economic interests or
moral values [Blancke et al., 2015; Hanssen and De Vriend, 2011]. Therefore taking
into account how people actually process and come across information can further
enhance our insight in the formation of people’s attitudes toward science and
technology in general and toward genetic modification more specifically.

We have looked at the influence of information seeking behaviour on people’s
attitudes, but we did not take into account how the different GM applications are
actually framed in current social media. Although the information seeking
behaviour of our respondents is low with regard to the three GM applications, it is
worthwhile to see what kind of information the Dutch people find within a range
of media and social media sources. Is the information positively or negatively
framed, and which stakeholder or expert is sending or discussing what
information? With the emergence of various social media platforms, individuals
share information and even take an active role in communication processes, at the
same time changing the traditional roles of GM stakeholders and experts in their
interactions with the public.
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Appendix A.
Scales used for
the three
Trust-measures

Items constructing Trust in governance, Trust in organizations and Trust in regula-
tions

Trust in governance (6 items)

I trust that the government is capable in its decision-making on genetic
modification to take into account the interests of the public.

Civil society organizations (such as Greenpeace, WWF, Consumer, Animal
Protection organizations or others) must have a large impact on decisions about
genetic modification.

The government has sufficient knowledge about safety issues of genetic
modification.

Civil society organizations have sufficient knowledge about safety issues of genetic
modification.

I am not confident that businesses decisions on genetic modification sufficiently
take into account the interests of the public.

I do not trust that civil society organizations decisions on genetic modification
sufficiently take into account the interests of the public.

Trust in organizations (9 items)

Newspapers, magazines, radio or television that report on genetic modification.

Companies that make new products with the use of genetic modification.

Universities that do research into new possibilities of genetic modification.

Environmental protection organizations campaigning on genetic modification.

Consumer organizations that test genetically modified products.

General practitioners who advise on new medical tests and new medicines made
with genetic modification.
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Government agencies that monitor the use of genetic modification.

Church leaders who indicate moral limits for the use of genetic modification.

Social media users who send messages about genetic modification.

Trust in regulations (4 items)

The current regulations in the Netherlands protect consumers against potential
dangers or risks of genetically modified products.

There is law enforcement and supervision of companies and research institutes that
work with genetic modification or with genetically modified organisms.

The current regulations in the Netherlands protect the personal data and the
autonomy of patients.

There are procedures to ensure that everyone who doesn’t want to buy genetically
modified products can do this safely.

Appendix B.
Segmentation of
main variables by
demographics

Table 4. Means and (Standard Deviations) for the six variables under analysis, by gender,
educational level, age group and household size.

variables Attitude Attitude GM Trust in Trust in Trust in
Science toward GM Information Governance Organizations Regulations

demographics Technology Applications Seeking
Gender

M (561) 3.26 (0.66) 3.72 (0.66) 1.89 (0.76) 3.25 (0,75) 3.13 (0.65) 3.53 (1.15)
F (647) 3.00 (0.62) 3.66 (0.65) 1.76 (0.70) 3.31 (0.66) 3.19 (0.61) 3.50 (1.08)

Education level
Low (174) 2.83 (0.56) 3.82 (0.60) 1.50 (0.54) 3.31 (0.77) 3.15 (0.74) 3.71 (1.07)

Med. (620) 3.04 (0.61) 3.82 (0.66) 1.76 (0.70) 3.34 (0.70) 3.21 (0.62) 3.60 (1.14)
High (414) 3.36 (0.68) 3.81 (0.67) 2.05 (0.78) 3.19 (0.67) 3.11 (0.60) 3.30 (1.07)

Age group
18–24 (90) 3.34 (0.62) 3.87 (0.62) 1.97 (0.90) 3.37 (0.59) 3.24 (0.50) 3.55 (0.87)

25–34 (131) 3.19 (0.63) 3.80 (0.70) 1.87 (0.81) 3.24 (0.74) 3.19 (0.62) 3.34 (1.18)
35–44 (183) 3.10 (0.60) 3.77 (0.66) 1.85 (0.76) 3.23 (0.66) 3.08 (0.61) 3.48 (1.08)
45–54 (232) 3.07 (0.67) 3.73 (0.66) 1.80 (0.74) 3.22 (0.71) 3.16 (0.65) 3.42 (1.16)
55–64 (220) 3.08 (0.69) 3.81 (0.66) 1.86 (0.69) 3.32 (0.73) 3.14 (0.69) 3.51 (1.11)
>65 (352) 3.10 (0.65) 3.90 (0.63) 1.74 (0.65) 3.33 (0.72) 3.20 (0.64) 3.64 (1.13)

Household size
1 (36) 3.13 (0.64) 3.75 (0.87) 1.78 (0.61) 3.25 (0.74) 3.15 (0.60) 3.39 (1.09)

2–4 (865) 3.13 (0.65) 3.81 (0.65) 1.83 (0.72) 3.30 (0.68) 3.17 (0.63) 3.52 (1.11)
>4 (78) 3.14 (0.62) 3.92 (0.57) 1.75 (0.68) 3.38 (0.70) 3.20 (0.60) 3.79 (0.98)

Interpretation of means: all variables min-max=1–5, with 5 the highest level.
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