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Despite scientific consensus, consumers’ misperceptions about the risks of genetically modified (GM) food in-
fluence product rejection and the persistence of negative attitudes. Building on the mental models approach for
risk communication and the Elaboration Likelihood Model for attitude change, a two-wave repeated measures
randomized controlled experiment on a representative sample of Swedish consumers was used to test the
effectiveness of tailored (to consumers’ mental models of GM food) and persuasive (strong vs. weak) commu-
nication for attitudes and product preferences change. In wave 1 (N = 3,243) and wave 2 (N = 1,554), we

measured consumers’ attitudes and elicited product preferences using a discrete choice experiment. We found a
positive effect of communication on attitudes and product preferences in two out of the four treatment groups,
one of which initially held a negative attitude and perceived GM food as very risky.

1. Introduction

Consumer acceptance of gene technology for applications to food
remains a conundrum. There is a widely held consensus among scientists
that genetically modified (GM) food is as safe for human consumption as
conventionally grown food (AAAS, 2012; Economidis, Cichocka, &
Hoegel, 2010). Moreover, given the urgent need for climate change
adaptations, the use of gene technology in food production can provide a
number of environmental benefits (Phipps & Park, 2002) and play an
important role in agriculture solutions for sustainable future (Abberton
et al., 2016). In the discussion about the novel food production methods
at the legislative level, and current high polarization over the issue,
policymakers and communication specialists have to balance how to
address and engage in consumers’ concerns of the novel technologies in
food production (Scott & Rozin, 2020; Siegrist & Hartmann, 2020).
Nevertheless, extant research has reported a contention of consumer
aversion to GM foods (Lusk, McFadden, & Wilson, 2018; Scott & Rozin,
2020). The negative attitudes and lack of acceptance of GM application
in food are widely reported to be linked to perceptions about GM foods’
high risks and low benefits (Frewer, Howard, & Shepherd, 1996; Frewer
et al., 2013; Gaskell, Allum, & Stares, 2003; Magnusson & Koivisto
Hursti, 2002; Royzman, Cusimano, Metas, & Leeman, 2020; Scott, Inbar,
& Rozin, 2016). Scientists and communication specialists play a role in
informing and changing attitudes for future acceptance of GM foods.
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Specifically, misperceptions about the risks and benefits can be
addressed with communication that focuses on closing the knowledge
gap in relation to the technology. As has been broadly reported in the
literature, greater knowledge about GM food is linked to a more positive
attitude (Costa-Font, Gil, & Traill, 2008; Hossain & Onyango, 2004) and
greater likelihood of GM products’ acceptance (Boccaletti & Moro,
2000), while opposition to GM often relates to a lack of knowledge and a
high level of confidence (Fernbach, Light, Scott, Inbar, & Rozin, 2019).
However, it may not be effective to only provide facts-based information
while ignoring the risk of motivated reasoning triggered by existing
beliefs or knowledge (Landrum and Hallman, 2017).

Previous research has tested the effectiveness of communication for
attitude change, with either messages about benefits or risks of GM
foods, and found either no change in attitudes (Frewer et al., 1996;
Frewer, Scholderer, & Bredahl, 2003) or an unintended change toward
more negative attitudes (Frewer, Howard, Hedderley, & Shepherd,
1999; Scholderer & Frewer, 2003; Valente & Chaves, 2018; Zhu & Xie,
2015). However, and as an alternative communication approach,
existing research on risk communication has identified the effectiveness
of the mental models approach (Morgan, Fishchhoff, Bostrom, & Atman,
2002), which tailors the information to address the gap in knowledge in
a targeted audience. In line with mental models approach, communi-
cation is considered to be an exchange of information, rather than
proving completely new information without accounting for prior
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knowledge or beliefs (Bostrom, 2003; Bostrom, Fischhoff, & Morgan,
1992). The idea behind the mental models approach is that risk
communication can change prior beliefs, attitudes, and knowledge of
how things work, by revising errors, shifting importance, addressing
knowledge gaps, and presenting specific information to unclear, vague,
or general beliefs (Bostrom, 2003). The mental models approach has
been found to be a successful communication method in the context of
hazards and technologies with under- or over-rated perceived risks
(Boase, White, Gaze, & Redshaw, 2017). However, to our knowledge
this approach has not been previously tested in the context of GM food.
Therefore, the objective of the present study is to test the effectiveness of
mental models approach (Bostrom, 2003) in the GM food context when
the information is designed in accordance with the Elaboration Likeli-
hood Model (ELM) (Petty & Cacioppo, 1986) for attitude and product
preferences. In particular, we then also test — conditional on prior per-
ceptions about GM food — whether persuasive communication based on
the central route in ELM is more effective than communication weak in
persuasion in accordance with the peripheral route of processing within
the ELM.

2. Theoretical background and research objectives
2.1. Perceived risks and benefits and consumer acceptance of GM foods

GM food products tend to evoke strong and mostly negative attitudes
(Frewer et al., 1996, 2013; Gaskell et al., 2003; Magnusson & Koivisto
Hursti, 2002; Scott et al., 2016). These negative attitudes towards GM
foods are attributed to understandings of the risks and benefits that are
different from what is scientifically accepted (De Steur, Blancquaert,
Lambert, Van Der Straeten, & Gellynck, 2014). In contrast to scientific
consensus, the general public overestimates the risk associated with
GMO food (Sjoberg, 2008) while underestimating the potential benefits
(Lusk, Mcfadden, & Rickard, 2015; Pidgeon et al., 2005). For example,
Bredahl et al. (1998) interviewed European consumers to investigate the
risks and benefits associated with the genetic modification attribute of
yogurts and beers. For both products, Danish, German, Italian, and
United Kingdom consumers associated genetic modification more with
risks than with benefits. Bredahl et al. (1998) also reported that par-
ticipants perceived the genetically modified products as unhealthy, with
a wide range of negative consequences. Similarly, Dean and Shepherd
(2007) found that consumers viewed genetically modified food as
harmful, unethical, and unnatural.

Prior research has addressed whether and how subjective risks and
benefits predict attitudes towards GM foods (Moon & Balasubramanian,
2001, 2004; Siegrist, 2000; Sjoberg, 2008). Frewer and Shepherd (1995)
and Sparks, Shepherd and Frewer (1994) reported that perceived risks
are the best predictors of consumers’ attitudes. Similarly, Moon &
Balasubramanian (2001, 2004) argued that perceived risks predict at-
titudes better than benefits do. On the other hand, Bredahl (2001) found
that perceptions of both the risks and benefits of GM food were strongly
embedded in the attitudes of UK consumers. Sjoberg (2008) also re-
ported that perceived benefits were as predictive of GM attitudes as
perceived risks. Some research suggests that low (or lack of) perception
of benefits is a predictor of GM opposition. Gaskell et al. (2004) claimed
that consumers’ perception or rejection of GM foods is related only to a
lack of perceived benefits, regardless of the associated risks.

Since attitudes mirror consumers’ acceptance and willingness to buy
(Kahneman & Ritov, 1994), research also examined the role of percep-
tions of both risks and benefits in acceptance of GM foods (Siegrist,
2000; Sjoberg, 2008). A recent meta-analysis on that topic (Bearth &
Siegrist, 2016) showed that it is unclear whether risks or benefits are
more influential in acceptance of food technologies.

The widely held misperception of risks and benefits constitutes a
major obstacle to efforts to change consumers’ attitudes toward
biotechnology in food production (Lahteenmaki et al., 2002), which
could lead to technology rejection all together (Bredahl, 2001). Indeed,
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previous research shows a low willingness to buy GM food. Grunert et al.
(2004) noted that consumers’ resistance to attitude change alters their
preferences for GM foods. Only a few relatively recent studies have re-
ported effectiveness in making attitudes about GMO more positive.
However, these studies used different methods, such as persuasive
refutation texts (Heddy, Danielson, Sinatra, & Graham, 2017; Thacker
et al., 2020).

2.2. Attitude change through persuasion — The elaboration likelihood
model

By their nature, strong attitudes are difficult to change (Petty,
Wegener, & Leandre, 1997). The Elaboration Likelihood Model, pro-
posed by Petty and Cacioppo (1986), provides a lens through which
attitude change can be examined by employing the dual process model
approach of persuasive messages. Specifically, the ELM emphasizes two
routes of persuasion: a central route, which involves a high level of
cognition and the careful analysis of presented message; and a periph-
eral route, which relies on general impressions, related to positive and
negative cues, based on heuristics, unrelated to logical reasoning. The
central route of persuasion relies on strong arguments, more informative
messages, and high involvement in the content of persuasive matters.
Studies have shown that the interplay between the content of a
persuasive message (strong vs. weak arguments) and a recipient’s atti-
tude baseline is an important determinant of effective persuasion
(Edwards, 1990; Mayer & Tormala, 2010; See, Petty, & Fabrigar, 2008).
For example, Haughtvedt, Petty, and Cacioppo (1992) found that strong
argument messages led to more favorable attitudes being formulated.
Messages that present more arguments are more likely to be persuasive
than messages with fewer arguments (Petty & Cacioppo, 1984; Silvera,
Josephs, & Giesler, 2002).

Attitude change through the central route is abiding and resistant,
lasts longer, is a better predictor of behavior (Ajzen, Brown, & Rosen-
thal, 1996; Petty & Cacioppo, 1986), and is more resistant to further
change (Tenny, Brinol, & Petty, 2017). As emphasized within the ELM
framework, elaboration through the central route is more likely if
motivation is high. Motivation refers to the willingness to engage in
information processing: the greater the involvement in topic informa-
tion, such as controversial topics, the greater the likelihood of the cen-
tral route information processing.

In the context of genetic engineering of food, Frewer et al. (1999)
applied the ELM in order to test effect of different types of information
on attitude change, but they found negative effects on attitude. In other
words, Frewer et al. (1999) found that the designing persuasive
communication allowed change in attitudes to become less favorable.

2.3. Mental models approach for risk communication

Research on communication revealed that people interpret new in-
formation by considering their existing beliefs while referring to their
“mental models” (Chi, 2000; Gentner & Stevens, 1983; Meyer, Leven-
thal, & Gutmann, 1985). Here, following Bostrom et al. (1992), we refer
to mental models as an individual’s perception of an object of judge-
ment, decision situations, alternative solutions, or decision premises.

The mental models approach (Bostrom et al., 1992; Bruine De Bruin
& Bostrom, 2013; Morgan et al.,, 2002) emphasizes four steps for
effective communication. First, based on experts’ research and knowl-
edge, communication designers need to establish information that needs
to be presented to the general public. In the second step, people’s
knowledge, beliefs, and attitudes on that specific matter needs to be
identified. Following that, in the third step, communication must be
designed in a way that addresses Steps 1 and 2; that is, to compare what
needs to be informed with the beliefs and attitudes of the matter among
the recipients. Thus, communication needs to be tailored to the re-
ceivers’ mental models. In the last step, the designed communication
needs to be tested for its effectiveness. The mental models approach has
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WAVE 1 MEASUREMENT

16-item Risk Questionnaire
evaluation of gene technology for plant breeding

Procedure: Cluster Classification

2-step Cluster Analysis based on 16-item Risk Questionnaire

Cluster 1: "Positive"
Low perception of risk.
Treatment framing: higher benefits

Cluster 2 : "Negative"
High perception of risk.
Treatment framing: lower risks

y

v

Procedure: Randomization

Random assignment to
strong arguments highly informative /
weak arguments vaguely informative

CLUSTERING AND RANDOM ASSIGNMENT

Procedure: Randomization

Random assignment to
strong arguments highly informative /

weak arguments vaguely informative

Positive cluster Positive cluster

Strong Arguments

WAVE 2 TREATMENT

Weak Arguments

Negative cluster
[Strong Arguments

Negative cluster
Weak Arguments

Fig. 1. Two-phase study design for the for the treatment groups. Note: Positive cluster refers to the group that emerged from the cluster analysis holding positive
perception of gene technology for plant breeding; negative cluster refers to the group that emerged from the cluster analysis holding negative perception of gene
technology for plant breeding; Strong arguments and weak arguments refer to strength of persuasion.

been successfully applied in risk communication (Morgan, Fischhoff,
Bostrom, & Atman, 2001; Wong-Parodi & Bruine de Bruin, 2017),
including health (Kreuter & Wray, 2003) and environmental (Lazrus,
Morss, Demuth, Lazo, & Bostrom, 2016; Morss, Demuth, Bostrom, Lazo,
& Lazrus, 2015; Morss, Mulder, Lazo, & Demuth, 2016) contexts.
Although some scholars have argued that a mental models approach is a
potentially effective methodological approach for exploring risk
communication in GM foods (Siegrist, 2008; Visschers & Siegrist, 2018),
to our knowledge no attempts have been made in that direction.

2.4. Objectives

Given recent developments in genome editing and other applications
of biotechnology in sustainable agriculture, it is relevant to address the
issue of misperception about risks and benefits, as well as consumers’
rejection of genetically modified food in relation to attitudes and
product preferences. Although we recognize that other methodologies
are used to address misperception and/or knowledge deficits about GM
with the aim of directing attitude change (Ruth & Rumble, 2017;
Thacker et al., 2020; Yuan, Ma, & Besley, 2019), the present study aimed
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to examine the effect of tailored communication for GM food within a
joint framework of the mental models approach and the ELM.

Specifically, in order to address the misperception of GM food’s risks,
we tailor information about a novel potato variety, where GM has the
potential to provide a range of direct (health) and indirect environ-
mental benefits to the pre-existing level of perceptions of risks and
benefits of GM food (mental models approach), while applying the
principles of the ELM for persuasive communication. Since general at-
titudes were found to be the most important predictor of product pref-
erences in a broad range of choices (Kahneman, Ritov, & Schkade,
1999), as well as in the context of GM foods (Bredahl, 2001; Cook, Kerr,
& Moore, 2002), we then examined the effect of tailored communication
on changing attitudes as well as on product preferences for GM food.

Therefore, we hypothesize that:

H1: Tailored communication with strong arguments will change at-
titudes towards gene technology for plant breeding to more favorable.

H2: Tailored communication with strong arguments will increase
preferences for GM products.

H3: Strong arguments will be more effective than weak arguments at
changing attitudes and product preferences.

3. Materials and methods
3.1. Participants

The study was carried out as a longitudinal (with two repeated
measurements) internet survey in May 2018 (after initial pre-testing)
based on a convenience sample of 3,243 individuals recruited by a
market research company in Sweden. An invitation for the second wave
was sent to the respondents from Wave 1 after 7-10 days. In total, 1,554
respondents completed both waves and the following analysis includes
only those respondents who completed both waves. The sample con-
sisted of 52.6 percent women (49.8 percent of the Swedish population
overall is female; (SCB, 2017)). The mean age was 43.56 (SD = 13.5,
ranging from 15 to 73) and had a higher percentage of respondents aged
25-54 than the Swedish population overall (65.5 percent versus 47.7
percent). The group aged 15-24 was slightly underrepresented (7.9
percent versus 13.70 percent), with a slight overrepresentation of the
55-64 age group (21.9 percent versus 14.02 percent). The gender pro-
portions among the age groups were similar in the 55-64 age group
(51.2 percent of females in our sample compared to 50 percent in the
Swedish population as a whole), as well as in the 25-54 age group (51.1
percent vs. 49.2 percent). Women were overrepresented in the 15-24
age group (76.4 percent vs. 48.4 percent). We took no further action to
weigh these differences in our statistical analysis, as they were very
small. Informed consent was obtained for every participant in the study.
Participants were informed that they could opt out of the study at any
point.

3.2. Study design

The study was based on a within-subjects design where 84 percent of
the participants from Wave 1 (N = 3,243) were randomly assigned to
receive the communication treatment, while 16 percent were assigned
to a control group. The control group was not presented with any
communication treatment. For the treatment group, a two-phase process
was then applied to further assign participants into one of four treatment
conditions: framing (higher benefits vs. lower risks) x persuasion (high
vs. low). Classification into framing groups (Phase 1: cluster classifica-
tion) was based on the participants’ mental models: participants with a
high perception of risk were assigned to lower risks of GM frames, while
those with a low perception of GM risks were assigned to higher benefits
frames. Persuasion strength was randomly assigned in Phase 2; for de-
tails, see the section on Risk questionnaire: cluster classification.

Repeated measures (baseline — pre-treatment and posttreatment)
were taken on the two dependent variables: (1) attitude towards gene
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technology for plant breeding and (2) product preferences towards GM
potatoes. Research on gene editing has made a potato variety available
for market introduction, so we chose an existing GM potato to study in
the choice experiment. As potatoes are the most common non-cereal
food consumed worldwide (Zaheer & Akhtar, 2016), and play a signif-
icant role in the daily Swedish diet, research about the consumer
acceptance of GM potatoes can have profound implications for market
introduction of the product. Fig. 1 illustrates the two-phase process for
forming the treatment groups of the study: first phase (cluster classifi-
cation) and second phase (randomization).

3.2.1. Designing communication for wave 2

Experts specializing in plant breeding from the Swedish University of
Agricultural Sciences helped develop five messages related to human
health and environmental impacts of the genetically modified potato
(see supplementary material). Each message was then aligned with the
framing and persuasion route according to the experimental design and
then presented in random order to respondents after a short introduc-
tion. Informative strong messages within the central route aimed to
emphasize either greater benefits or lower risks, providing specific in-
formation about how exactly these specific characteristics of GM potato
make it more beneficial (less risky). The messages for the weak argu-
ments within the peripheral route were designed in the same vein of
message framing, except that the message did not explain the mecha-
nism or provide the specific reasons for higher benefits or lower danger.

3.3. Measurements

3.3.1. Risk questionnaire

In Wave 1, in order to identify participants’ mental models of gene
technology for plant breeding, the 16-item risk questionnaire (Savadori
et al., 2004) was used. This is a psychometric paradigm-based (Fischh-
off, Slovic, Lichtenstein, Read, & Combs, 1978) risk questionnaire that,
in line with the psychometric paradigm, assumes risk to be a psycho-
logical determinant and examines perceptions of a technology or ac-
tivity, here gene technology for plant breeding, in relation to both global
and dimensional evaluations. This measure was previously applied in
research that examined risk perception of biotechnology in food appli-
cation (Savadori et al., 2004). To validate the structure of the risk
questionnaire adopted from Savadori et al. (2004), we ran principal
components factor analyses (PCA) on a 3,228 (subjects) x 16 (di-
mensions) matrix. The number of factors to be extracted was not con-
strained. The PCA results revealed a two-factor solution for gene
technology for plant breeding accounting for 59.7 percent of the total
variance. For the factor loadings resulting after the Varimax rotation,
please see the supplementary material (Table S1).

Participants were asked about 16 items related to risks, dread,
severity of consequences, benefits, and others in relation to gene tech-
nology for plant breeding. The evaluations were used for clustering into
treatment conditions. Participants were presented with the Swedish
translation of the questionnaire and were asked to rate each hazard on a
scale from 0 to 11 (Savadori et al., 2004).

3.3.2. Attitude measure

Recent meta-analyses on the validity of multi vs. single construct of
attitude measure revealed no differences in validity (Ang & Eisend,
2018; Bergkvist & Rossiter, 2007); thus, a scale for the attitude construct
consists of one item assessing overall gene technology evaluation on a
scale from 0 to 100, anchored by ‘very negative’ and ‘very positive’. The
same measure of attitude was applied in both waves. The mean pre-
treatment attitude (baseline) for the entire sample was M = 41.25 (SD =
28.24), and for post-treatment attitude it was M = 43.26 (SD = 29.21).

3.3.3. Choice experiment
A discrete choice experiment (CE) was conducted in both waves (the
same design for both waves) to examine preferences for GM potatoes.
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This CE allowed us to examine: (a) the stability of preferences (that is,
the extent to which preferences are influenced by the communication
treatment), and (b) the extent to which the communication treatment
generates changes in the relative importance of attributes and levels
(that is, complementarity or substitution effects).

Seven attributes were selected to describe potatoes (see Table 1). The
gene technology attribute had four levels, one of which excluded gene
modification in potato plant breeding, which then served as rejection of
the GM potato. The three remaining attributes were chosen to represent
possible application of gene modification in potato breeding (see
Table 1). The ‘type’ and ‘washed/not washed’ attributes were added to
provide attributes that were available in a real-life shopping situation.
The vector of the price attribute was set to provide a range of prices of
potatoes on the Swedish food retail market.

Respondents were presented with 12 choice sets, each of which
included three unlabeled alternative potato packages (1 kg) with the
ordering of attributes not altered to minimize effects of fatigue and
choice complexity. In the design, the levels of the pesticide, fertilizer,
and carbohydrates attributes were set to match the level of the GM
attribute, respectively. Moreover, rather than including an opt-out
alternative, there was always one alternative, with the GM levels set
for “no gene modification”, for which the other attributes varied ac-
cording to the design. This choice alternative represents a feasible
alternative with which consumers would be familiar.

3.3.4. Need for cognition

In order to account for individual differences in the tendency to
engage in elaborative cognitions across experimental treatments, all
respondents completed the Need for Cognition (NFC) scale (Cacioppo &
Petty, 1982). Specifically, in line with ELM, those who are high in NFC
engage in elaboration more, and could therefore be more likely to
change their attitudes when presented with strong argument commu-
nication. Thus, to control if there were individual differences in cogni-
tive elaborative engagement among treatment groups, the NFC scale was
used. The Swedish adaptation and validation published by Dornic and
collaborators (1991) was used (for recent validation, see Jonsson,
Stenlund and Johnsson (2017)). The scale consists of 30 items on a five-
point Likert-like scale (1 = strongly disagree, 3 = neutral, and 5 =
strongly agree). Twelve of the statements are designed to indicate pos-
itive attitudes toward engaging and enjoying thinking, whereas 18
indicate negative attitudes. Therefore, items that indicated negative
attitudes required reverse scoring in order to conclude that high scores
indicate a high NFC.

4. Data analysis
4.1. Risk questionnaire: Cluster classification

A two-step cluster analysis was conducted with the 16-item risk
questions to identify existing clusters of participants that differ on their
risk-benefit perception of genetic modification. In the first step, original
cases were grouped into pre-clusters by constructing a cluster features
tree with the aid of Schwarz’s Bayesian Criterion (BIC) statistics. In the
second step, the standard hierarchical clustering algorithm on the pre-
clusters was used (Norusis, 2011) with a forced maximum of four clus-
ters. This procedure identified two clusters (Norusis, 2011). The items in
the Table 2 are presented in order of importance for the cluster classi-
fication. As can be seen in Table 2, the classification was based on risk
and harm items; thus, the clusters differed in their risk/harm perception
of gene technology. The items that differed the most between the
identified clusters related to harm to humans, harm to environment, risk
to future generations, severity of negative consequences, and dread.
Participants in Cluster 1 (67.3 percent) judged gene technology as less
dreadful, less harmful, and less risky than participants within Cluster 2
did. Therefore, the Cluster 1 group was named the positive cluster. The
Cluster 2 group perceived higher risks and harms related to gene
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technology for plant breeding and was therefore called the negative
cluster.

In line with the mental models approach for effective commutation
in the communication treatment, we tailored the communication by
matching the frames to the baseline measure of risk-benefit perception
of gene technology. Thus, the positive cluster was assigned into a higher-
benefits frame treatment. The negative cluster perceived high risks and
harms related to gene technology. In order to change their perception of
gene technology more favorable and apply the mental models approach
framework, this cluster was assigned to a lower-risk treatment frame.
That is, both clusters received the same facts, which were either framed
as high-benefit potatoes or not as dangerous or risky to eat.

4.2. Choice experiment data analysis: Preferences and attributes
importance

We implemented a hierarchical Bayes (HB) approach (Huber &
Train, 2001; Train, 2001; Train & McFadden, 2002) with 10,000 itera-
tions for convergence and an additional 10,000 iterations for computing
individual specific preference parameters (that is, posterior estimates of
part-worth utilities for both waves of the Discrete Choice Experiments
using CBCHB v.5.0.4 (“Sawtooth Software,” 2003). HB modeling uses
Markov Chain Monte Carlo simulations to specify the posteriors based
on the population distribution at the upper level of the HB model
(Danthurebandara, Yu, & Vandebroek, 2015).

We then used individual part-worth utilities to compute individual
specific attribute importance. Attribute importance is ratio-scaled data
that allows comparisons within and between individuals of the relative
importance of attributes. For each attribute, we calculated the individ-
ual attribute importance scores as the ratio between: (a) the highest and
lowest part-worth utility per attribute (that is, over levels of each
attribute) and (b) the sum of attribute utility ranges across all attributes.
Averages of individual attributes’ importance were used when summa-
rizing the attribute importance for each group of respondents.

5. Results
5.1. Need for Cognition

The mean score of the 30-item scale was 107.93 (SD = 18.28), with
scores ranging from 64 to 150 (Skewness = 0.23, Kurtosis = -0.95). This
corroborates results from previous studies (Dornic et al., 1991). Cron-
bach’s alpha coefficient was o« = 0.92.

An independent samples non-parametric test for k independent
samples (Kruskal-Wallis test) was conducted to check for differences in
NFC scores among the treatment and control groups. No significant
differences were found (p = 0.41), which implies that the further results
could not be explained by difference among groups in engagement in
elaborative information processing.

5.2. Manipulation check

As expected, participants from the two treatment groups (positive
strong and negative strong) who were assigned to strong arguments
informative treatment overall perceived the presented message as highly
informative (M = 8.21; SD = 2.26; N = 628). Furthermore, we examined
whether there were differences in involvement due to Need for Cogni-
tion (NFC). Using 1 SD below/above the average NFC score, we tested
for the differences between high NFC and low NFC and found statisti-
cally significant differences (F(1,234) = 4.57; p = 0.03; 12 = 0.02). In
particular, respondents who were lower in NFC found the message less
informative (M = 8.06; SD = 2.40; N = 104) than respondents who were
higher in NFC (M = 8.72; SD = 2.31; N = 131).
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Fig. 2. Baseline and post-treatment attitudes across groups. Note: Error bars 95% Cl; positive refers to the group that emerged from the cluster analysis holding
positive perception of gene technology for plant breeding; negative refers to the group that emerged from the cluster analysis holding negative perception of gene
technology for plant breeding; strong refers to strength of persuasion — strong arguments; weak refers to strength of persuasion — weak arguments.
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for plant breeding; negative refers to the group that emerged from the cluster analysis holding negative perception of gene technology for plant breeding; strong refers
to strength of persuasion — strong arguments; weak refers to strength of persuasion — weak arguments.

5.3. Attitude

5.3.1. Baseline

As Phase 1 of the treatment classification (cluster analysis) was
conducted based on the 16-item risk questionnaire, we examined
whether the groups derived from the cluster analysis differed in their
attitudes (ANOVA test between subject F(4,1549) = 45.37; p < 0.001;
n2 = 0.105). As predicted, Table 3 shows significant differences for the
mean value of baseline attitudes between positive and negative clusters.
In line with our expectations, the ANOVA post hoc analysis revealed no
differences within the two clusters: participants who were randomly
assigned to strong arguments did not differ in their base-level attitudes
from those randomly assigned to weak arguments. As for the control
group, the initial attitude significantly differed from all the rest of the
groups, as expected. (Note that the control group consisted of randomly
assigned participants, which we expected to have both negative and
positive perception of GT; thus it was expected that this group would

differ from the treatment groups.)

5.3.2. Attitude change: Baseline and post-treatment measure

A mixed model ANOVA for repeated measures (pre- and post-
treatment attitudes, respectively) was used to examine support for
attitude change between the study groups (treatment groups and control
group). There was a significant difference between baseline/pre-
treatment and post-treatment attitude measure (F(1,1549) = 8.48; p
< 0.005; 12 = 0.005) and significant differences between groups (F(4,
1549) = 53.50, p < 0.001; n2 = 0.121). The interaction between attitude
change and treatment groups was also found to be significant (F
(4,1549) = 7.10, p < 0.001; n2 = 0.018).

Table 4 and Fig. 2 shows that the mean attitude scores increased for
the two treatment groups, with strong arguments informative treatment
among both the negative and positive clusters. No significant changes
were observed for the study groups receiving weak arguments, irre-
spective of whether the communication was framed as positive or
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Fig. 4. Difference in part-worth utilities (normalized) per GM attribute between post-treatment and baseline utilities (normalized). (Upper left) No gene modification
attribute level; (upper right) gene modification used for pest’s resistance attribute level; (lower left) gene modification for potato starch change attribute level; (lower
right) gene modification used to reduce fertilizer’s attribute level. Note: Positive refers to the group that emerged from cluster analysis and holds a positive perception
of gene technology for plant breeding; negative refers to the group that emerged from cluster analysis and holds a negative perception of gene technology for plant
breeding; strong indicates persuasion with strong arguments; weak indicates persuasion with weak arguments.

Table 1

Choice attributes levels.

Attributes

Attributes’ levels

Genetic
modification

Pesticides

Type of fertilizers

Type of
carbohydrates

Type of texture

Washed

Price®

No gene modification

Used for resistance to plant diseases and pests
Used to reduce fertilization and negative environmental
effects

Used to change of potato starch type (carbohydrates) for
health benefits

No pesticide used

Pesticides used against diseases and pests
Chemical fertilizers

Organic fertilizers

Faster carbs (higher GI index)

Slower carbs (lower GI index)

Soft

Hard

Washed

Not washed

6.90 SEK/kg

8.50 SEK/kg

9.90 SEK/kg

11.50 SEK/kg

12.90 SEK/kg

Note: * At the time of the study 1 SEK = 0.11 USD.

negative. A negative change — that is, change for a less favorable attitude
- was observed among the control group. Note that the control group did
not receive any communication treatment between waves; thus, this

finding emphasizes the relative effect of a treatment vs. control group.

5.4. Product preferences

5.4.1. Baseline

Next, we examined whether there were pre-treatment differences in
baseline attribute preferences for the levels related to gene technology
for plant breeding. To do this, utility part-worths of the levels for the
gene modification attribute were normalized (min-max) for a compar-
ison. Utilities were normalized to values between 0 and 1, with 1 rep-
resenting the highest part-worth utility. For each of the four levels of the
gene modification attribute, statistical differences among the groups
were compared using a non-parametric test; that is, the Kruskal- Wallis
test. Significant differences were found among the study groups for two
levels of the gene modification attribute: the “no gene modification” (p
< 0.001) and “gene modification for potato starch change” (p < 0.001),
but not for “gene modification used for pest’s resistance” (p = 0.711) or
for “gene technology used to reduce fertilizers” (p = 0.362). The pair-
wise two-tailed Mann-Whitney U tests for the “no gene modification”
and “gene modification for potato starch change” confirmed that the
negative cluster groups differed from positive cluster groups on both at-
tributes. However, and as expected, no differences were found between
those assigned to either strong or weak arguments within clusters; see
Fig. 3. There was no evidence of differences for the other two levels of
the gene modification attribute “gene modification used for pest’s
resistance” (p = 0.711) and “gene technology used to reduce fertilizers”
(p = 0.362).
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Table 2
Two-Step Cluster analysis for the 16-item risk questionnaire — perception of gene
technology for plant breeding.

Item Cluster 1 (positive) Cluster 2 (negative)
Wave 1 (N Wave 2 Wave 1 Wave 2
=1,736) (N=633) (N=09838) (N=612)
Dread (1.00) 4.60 4.45 8.67 8.74
Harm to environment 5.09 5.06 8.48 8.55
(1.00)

Harm to humans (1.00) 4.89 4.74 8.27 8.34

Risk to future generations 5.32 5.28 8.87 8.99
(1.00)

Severity of negative 5.13 5.13 8.48 8.51
consequences (1.00)

Collective exposure to risk ~ 5.63 5.71 8.45 8.59
(0.80)

Personal exposure to risk 4.82 4.76 6.88 6.76
(0.60)

Personal knowledge about  4.26 4.01 6.32 6.14
risk (0.60)

New: is it a new or an old 5.61 5.58 7.63 7.69
and familiar risk? (0.60)

Observability of damage 5.23 5.11 6.78 6.76
(0.40)

Scientific knowledge of 5.66 5.74 7.13 7.00
risk (0.40)

Voluntary extent exposure  4.98 4.88 5.46 5.28
to risk (0.00)

Risk acceptability (0.00) 5.80 5.94 5.39 5.16

Benefits for the 5.69 5.67 5.39 5.09
environment (0.00)

Benefits for human (0.00) 6.53 6.76 6.72 6.52

Personal benefits (0.00) 5.42 5.42 5.50 5.25

Note: Means for each item by cluster; the number in parentheses after each item
represents the importance of the variable in cluster formation. This is between 1.0
and 0.0. The closer to 1.0, the more important it is (SPSS Inc. 2001).

Note: Kruskal-Wallis (omnibus) and pairwise Mann-Whitney U tests.
Statistical significance denoted as: *** p < 0.001; **p < 0.01; *p < 0.05

5.4.2. Product preferences change: Baseline and post treatment measure of
preferences for GM product

To test the effect of communication treatment within the study
groups on the product preferences, we calculated the differences be-
tween posttreatment and pretreatment of normalized part-worth utili-
ties for the “gene modification” attributes’ levels. To address this issue, a
non-parametric Kruskal-Wallis test was applied for K number of

Table 3
Post hoc LSC test for group comparisons of pre-treatment attitudes means.
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samples. There was evidence of significant omnibus differences for
change in utilities in the “no gene modification” (p < 0.001), “gene
modification for potato starch change” (p < 0.001), “gene technology
used for pests’ resistance” (p < 0.001), and “gene technology used to
reduce fertilizers” attribute levels (p = 0.042). Furthermore, as shown in
Fig. 4, the pairwise two-tailed Mann-Whitney U tests revealed differ-
ences within clusters; that is, positive strong and positive weak signifi-
cantly differed from each other in utility change on all attributes levels,
except for “GM used to reduce fertilizers”. Similarly, negative strong and
negative weak differed in utility change for the same three attributes and
no such differences were found for “GM to reduce fertilizers”. Interest-
ingly, no differences in change of utilities were observed between the
positive strong and negative strong groups.

Note: Kruskal-Wallis (omnibus) and pairwise Mann-Whitney U tests.
Statistical significance denoted as: *** p < 0.001; **p < 0.01; *p < 0.05

5.5. Product attribute importance: Baseline and post-treatment

Table 5 shows the means for attributes’ importance for each group at
the baseline and at post-treatment. Across all treatment groups, gene
modification was the most important attribute, and this importance was
the highest for the negative cluster. On the other hand, the price attri-
bute was the second-most important attribute across all groups, but with
a higher level of importance for the positive cluster. Wilcoxon Signed-
Ranks tests were then conducted to test for significant differences be-
tween waves within each of the treatment groups. A Bonferroni

Table 4
Pairwise comparisons of attitude mean differences in Wave 1 and Wave 2.

Group Difference in Attitude Means  Std. Error ~ 95% CI for
Difference
Positive - strong 5.44%** 1.51 2.48 8.39
Positive - weak —0.03 1.52 —3.02 2.96
Negative - strong ~ 5.95%** 1.54 2.93 8.97
Negative - weak 2.48 1.54 —0.54 5.50
Control —3.88* 1.53 -6.89 -0.88

#xxp < 0,001, **p < 0.01; *p < 0.05.

Note: Positive refers to the group that emerged from the cluster analysis holding
positive perception of gene technology for plant breeding; negative refers to the
group that emerged from the cluster analysis holding negative perception of
gene technology for plant breeding; strong refers to strength of persuasion —
strong arguments; weak refers to strength of persuasion — weak arguments.

Attitude: Mean Difference Std. Error Sig. 95% Confidence Interval
Lower Bound Upper Bound
Positive strong
Control 7.08 2.134 0.001 2.89 11.26
Negative - strong 18.91 2.139 <0.001 14.72 23.11
Positive - weak -3.05 2.127 0.151 -7.23 1.12
Negative - weak 18.62 2.139 <0.001 14.42 22.82
Positive weak Control 10.13 2.146 <0.001 5.92 14.34
Positive - strong 3.05 2127 0.151 -1.12 7.23
Negative - strong 21.97 2.151 <0.001 17.75 26.19
Negative - weak 21.68 2.151 <0.001 17.46 25.89
Negative strong Control —11.84 2.158 <0.001 —16.07 -7.61
Positive - strong —18.91 2.139 <0.001 -23.11 —14.72
Positive - weak -21.97 2.151 <0.001 —26.19 -17.75
Negative - weak —0.29 2.163 0.892 —4.54 3.95
Negative weak Control —11.55 2.158 <0.001 —15.78 -7.31
Positive - strong —18.62 2.139 <0.001 -22.82 —14.42
Negative - strong 0.29 2.163 0.892 -3.95 4.54
Positive - weak —21.68 2.151 <0.001 —25.89 —17.46

Note: Positive refers to the group that emerged from the cluster analysis holding positive perception of gene technology for plant breeding; negative refers to the group
that emerged from the cluster analysis holding negative perception of gene technology for plant breeding; strong refers to strength of persuasion — strong arguments;

weak refer to strength of persuasion — weak arguments.
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Table 5

Baseline and post-treatment means for attributes importance by treatment groups.
Attribute Treatment Genetic modification Type of texture Washed/not washed Price

wave 1 wave 2 wave 1 wave 2 wave 1 wave 2 wave 1 wave 2

Positive strong 0.51 0.49 0.15 0.12 0.05 0.05 0.29 0.34
Positive weak 0.51 0.46 0.15 0.15 0.05 0.05 0.28 0.34
Negative strong 0.60 0.57 0.12 0.12 0.05 0.05 0.22 0.25
Negative weak 0.63 0.57 0.11 0.11 0.05 0.06 0.21 0.25
Control 0.55 0.49 0.13 0.15 0.05 0.05 0.26 0.31

Note: Each attribute importance is between 0 and 1 with the sum across each attribute equal to 1.
Positive refers to the group that emerged from cluster analysis and holds a positive perception of gene technology for plant breeding; negative refers to the group that
emerged from cluster analysis and holds a negative perception of gene technology for plant breeding; strong indicates persuasion with strong arguments; weak indicates

persuasion with weak arguments.

Table 6
Wilcoxon’s Signed Ranks Tests for differences in attributes importance between
waves within each study group.

Group Attribute Test 2-tailed p- Hodges-Lehman
statistics (Z) value Estimate (95% CI)
Positive Genetic —-1.22 0.223 —0.016 (-0.041,
strong  modification 0.010)
Type of texture —4.00 <0.001 —0.025 (-0.037,
—0.013)
Washed/not —2.41 0.016 —0.006 (-0.011,
washed —0.001)
Price 3.90 <0.001 0.045 (0.023,
0.068)
Positive Genetic —3.46 0.001 —0.045 (-0.071,
weak modification —0.020)
Type of texture —1.00 0.317 —0.007 (-0.020,
0.006)
Washed/not —1.50 0.134 —0.004 (-0.0009,
washed 0.001)
Price 4.31 <0.001 0.052 (0.029,
0.075)
Negative Genetic —2.67 0.008 —0.034 (-0.059,
strong  modification —0.009)
Type of texture 0.41 0.685 0.003 (-0.011,
0.016)
Washed/not -0.37 0.714 —0.001 (-0.007,
washed 0.005)
Price 1.88 0.059 0.021 (-0.001,
0.043)
Negative Genetic —3.44 0.001 —0.045 (-0.071,
weak modification —0.019)
Type of texture 0.56 0.576 0.003 (-0.008,
0.015)
Washed/not -0.73 0.465 —0.002 (-0.008,
washed 0.004)
Price 3.00 0.003 0.034 (0.012,
0.056)
Control Genetic —5.53 <0.001 —0.063 (-0.085,
modification —0.041)
Type of texture 1.86 0.062 0.012 (-0.001,
0.025)
Washed/not —-0.41 0.681 —0.001 (-0.007,
washed 0.004)
Price 4.22 <0.001 0.044 (0.024,
0.065)

Note: Positive refers to the group that emerged from the cluster analysis and
holds a positive perception of gene technology for plant breeding; negative refers
to the group that emerged from cluster analysis and holds a negative perception
of gene technology for plant breeding; strong indicates persuasion with strong
arguments; weak indicates persuasion with weak arguments.

correction was applied to control for Type I errors across these com-
parisons. The results, presented in Table 6, confirm significant differ-
ences in attribute importance between waves for genetic modifications
and price attributes for all groups, except for the positive-strong group,
which suggests that gene modification becomes less important and price
becomes more important. For the positive-strong group, there was

instead evidence that texture as well as washing became less important
and price became more important.

6. Discussion and conclusion

This study tested a communication approach for attitude change and
acceptance of GM food. In a joint framework of the mental models
approach and the Elaboration Likelihood Model, we examined the effect
of communication tailored to perceptions of risks and benefits of GM for
attitudes and product preferences change against the pre-existing
baseline. This study makes several contributions.

First, after controlling that the results could not be explained by in-
dividual differences in engagement in elaborative information process-
ing, the key finding was that attitude change, as induced by
communication with strong arguments tailored to the pre-existing per-
ceptions of risk and benefits if GM-food, was observed both among in-
dividuals who initially held more favorable (positive) views, and more
importantly, among those who, at the baseline, were strongly against
(negative towards) gene-technology. Hence, our results provide impli-
cations for practitioners in risk management and communication in
relation to novel food product technologies. Consumers’ pre-existing
perceptions of risks and benefits of product technology hazards may
spur extreme attitudes that are difficult to change later. However, by
adapting the communication design to pre-existing perceptions among
end-users with insights from the mental models approach, there is po-
tential to overcome the inertia regarding the effectiveness of informa-
tion for attitude change for GM food that has been reported in extant
literature (for example, Frewer et al., 1996; Frewer et al., 1999; Schol-
derer & Frewer, 2003). Moreover, it is important to highlight the role of
strength of argument in relation to GM food attitude change. As changes
in attitudes were found only in the commutation treatments with strong
arguments, one might conclude the importance of informative and
highly explanatory communication in the context of GM and perhaps
other similarly controversial contexts. Note that the persuasive treat-
ment regardless of strength consisted of five different communications.
Nevertheless, regardless of individual differences in information pro-
cessing, the weak arguments within the peripheral route persuasion was
not effective.

Second, tailored communication with strong arguments also led to
changed product preferences towards a larger acceptance of GM food
with direct health benefit and, at the same time decreased the impor-
tance of a non-GM product attribute. Moreover, the strong arguments,
regardless of whether they were tailored to initially positive or initially
negative perception of GM goods, led to a similar degree of change in the
level of GM attributes. The first part of these findings is in agreement
with the recent strand of research that indicates that GM food with direct
benefits to consumers (that is, related to health, nutrition, and the
environment) might be more acceptable to both European and US con-
sumers (Lusk et al., 2015). Furthermore, Pham and Mandel (2019) re-
ported that even though presenting messages about the safety or risk of
GM to those who are strongly against GM food generally had a negative
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effect; messages with nutritious benefits have had a more favorable
impact among the negative attitudinal group. These results, including
our findings, indicate that future research in advertising GM food should
leverage the health impact that food produced with use of the GM
technology can bring and then specifically underline such direct
benefits.

Third, in accordance with prior studies and theories, including the
Theory of Planned Behavior (Ajzen, 1991), which show a link between
attitudes and behavior intentions (Armitage & Conner, 2001; Kahneman
et al., 1999), our results also suggest that stated attitudes were linked to
product preferences. Importantly, the change in attitudes and product
preferences were consonant to treatment type, which highlights the
effectiveness of the communication design, providing a promising po-
tential change in consumers’ choices of GM products and contributes to
the discussion on consumer purchase decisions and market behavior
(Morwitz & Fitzsimons, 2004).

The present study has certain limitations. First, the study explored
only one product in terms of a controversial application of new tech-
nologies. For direct comparison of the effect of the interventions be-
tween positive and negative groups, future research could explore the
mental models approach in a randomized multi-product control trail.
Furthermore, this study presents the results of hypothetical choices,
which might differ from a real purchase (Chang, Lusk, & Norwood,
2009), and further research on this topic would benefit from under-
standing the applicability of the design to real choices. Having said that,
it is important to mention that even though some countries, such as the
USA, China, and Israel, have already launched gene editing in plant
breeding, the Europe Union remains on the sidelines because of its legal
standpoint to characterize gene-editing as GMO. Thus, conducting a
field experiment with real purchases was not possible on the Swedish
sample. As Sweden is still not open to GM food, including GM potatoes,
being available for consumers, prior experience with GM food choices
were not controlled in the study. However, experience could potentially
increase the acceptance of food products (Tan et al., 2015; Tuorila,
Lahteenmaki, Pohjalainen, & Lotti, 2001) and future research could
explore this in a GM food context.
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