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Abstract: The CRISPR gene-editing (GE) breeding method is used to increase the resilience of high-
yielding tomato cultivars against pests and diseases, reducing crop protection requirements. This
study investigated consumers’ willingness to buy CRISPR GE tomatoes in a repeated discrete-choice
experiment. We observed a strong positive effect of providing information on the CRISPR breeding
technology, while the sensory experience of the CRISPR GE tomatoes in a visit to a greenhouse had
a rather weak, predominantly negative effect on the participants’ willingness to buy CRISPR GE
tomatoes. We found that roughly half of the 32 participants demonstrated constant CRISPR GE tomato
choices during the experiments, and these participants were mainly employed as scientists. However,
the rest of the participants changed their CRISPR GE tomato choices, with the majority showing an
increase in their willingness to buy CRISPR GE tomatoes; these “changers” were dominated by non-
scientists. Science communication on CRISPR GE breeding technology should target people with little
knowledge about the technology, and consumers of organic tomatoes seem to have more specified,
stable preferences regarding the technology. Further, scientific information about the CRISPR GE
methodology should preferentially be provided when new technology and information about it are
not yet widespread and people have not yet formed a strong opinion about the technology.

Keywords: consumers’ willingness to buy; discrete-choice experiment; CRISPR gene-edited tomatoes;
information intervention; scientific communication

1. Introduction

Wild tomato species such as Solanum habrochaites or S. pennellii are known to suffer
from fewer diseases and to be more resistant to pests than cultivated tomato (S. lycopersicum)
varieties. The cultivated tomato varieties used in industrialized horticulture for tomato
production around the world were bred to greatly increase yields. They have larger fruits
and higher yields but are more susceptible to diseases. Apparently, however, in the course
of breeding for increased yields, the activity of the genes responsible for producing certain
defenses weakened or was lost. As a result, the cultivated tomatoes widespread in tomato
production today require more intensive pesticide treatment [1].

One novel application in tomato breeding is the clustered regularly interspaced short
palindromic repeats (CRISPR) gene-editing (GE) technology, which aims to re-activate or
to integrate the appropriate genetic material in the high-yielding tomato cultivars and
make them more resilient and resistant to pests and diseases [2]. Ultimately, these CRISPR
GE tomato varieties should allow for a significant reduction in the application of crop-
protection products in tomato cultivation. This would help contribute to the achievement
of the EU’s goal of reducing the use of and risk from chemical pesticides in the EU by 50%
by 2030 [3], while still providing end consumers with sufficient tomato supplies. If the
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breeding efforts succeed in keeping yields constant, price increases for the end consumers
might be small.

It should be pointed out that GE foods—similarly to transgenic genetically modified
(GM) foods—are not available to end consumers on the retailers’ shelves in Germany.
Moreover, farmers do not plant crops of genetically engineered—i.e., GE or transgenic
GM—seeds. In 2018, GE organisms were made subject to the EU legislation regarding GM
organisms through a decision from the European Court of Justice [4].

In general, plant breeding involves the modification of genetic information, stored in
the DNA of plants, regardless of whether traditional or modern methods are used. This can
be performed by crossing different varieties with each other or even related wild species to
allow for the introgression of alleles of interest from the wild relatives into the cultivated
background. In addition, another widely used method is mutation breeding. This involves
treating plant seeds with radioactive radiation or chemical substances, for example, or
freezing seeds or subjecting them to a heat shock to induce a change in the plant’s DNA.
The disadvantage of mutation breeding is that it is not known in advance where and how
much genetic material will be changed by the mutation and thus plants with new and
desired mutations and properties but also a range of undesired mutations and properties
can be created. The mutated varieties need to be back-crossed with an elite cultivar many
times until the undesired traits are segregated away and a variety with only the desired
traits emerges. This process is time-intensive and usually takes several years.

The GE breeding method, which was developed only a few years ago, makes it possible
to precisely change—i.e., “edit”—the DNA of an organism. In contrast to traditional
methods, the DNA is cut at a very specific point known to be responsible for a desired plant
trait. A targeted mutation is induced with high precision and thus plants with undesired
properties are rarely created. Therefore, the breeding process is finalized much more
quickly. Although the DNA of a GE plant is altered, no foreign DNA is introduced as with
GM plants. Thus, GE plants are not transgenic.

The application of the CRISPR technology for GE was spurred by the research by
Charpentier and Doudna, who were awarded the Nobel Prize in Chemistry in 2020, which
clarified the underlying mechanism of CRISPR [5]. The CRISPR method involves the use
of a segment of ribonucleotide acid (RNA), the guide RNA (gRNA), to detect a specific
point in the DNA sequence of the genome that encodes a specific trait. The Cas9 enzyme
functions as a “genetic scissor” and cuts the DNA at the specified point. The double-strand
break of the DNA triggers the DNA repair mechanism, which might induce a mutation
such that the genome is changed irreversibly. The CRISPR system was originally discovered
in bacteria, where it functions as a defense mechanism against viral pathogens [6].

Since GE is a relatively new technology, there are only a few gene-edited foods avail-
able on the market. For example, Sanatech has sold CRISPR-Cas9-modified tomatoes,
which have a higher nutritional value due to their effects on blood pressure and stress
reduction, in Japan since September 2021 [7]. This explains why existing research regarding
consumers’ acceptance of GE foods is limited.

Beghin et al. [8] have provided an overview of studies on consumer preferences for
gene-edited food. They have indicated that due to the limited availability of GE food on
the market, most of the reviewed studies are hypothetical, raising concerns about a hypo-
thetical bias [9]. Comparing GE to transgenic GM foods, empirical evidence suggests that
consumers in general prefer GE foods over GM foods to some degree [10–12]. Nonetheless,
consumers often lack the knowledge to clearly distinguish GE from GM foods [13] and,
therefore, without prior information, the distinction may not be made [14].

Thus, another strand of literature has investigated the effect of information on con-
sumer acceptance of genetically engineered food, although the empirical findings are
mixed. While Carrasson et al. [15], Dolgopolova et al. [16], Costa-Font et al. [17], and
Boccaletti et al. [18] found that information increases the acceptance of genetically engi-
neered food, Scott et al. [19], Rollin et al. [20] and McFadden and Lusk [21] indicated that
providing new information does not improve consumers’ attitudes towards genetically
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engineered food. Moreover, Yang and Hobbs [22] have explored the effect of different styles
of communication on consumer choices. In particular, they found a stronger positive effect
of narrative-style information compared to logical–scientific communication framing on
consumer choices.

While there are several studies that have investigated the effect of information on
consumer acceptance of genetically engineered food, to the best of our knowledge, very
few studies have focused on the effect of sensory experience. One exception is the study by
Grunert et al. [23], which found that consumers with a positive tasting experience had fewer
negative attitudes towards cheese they believed was produced using a GM starter culture.
However, consumer studies have been extensively conducted with regards to the sensory
experiences of non-GM products [24–26]. For example, Kallas et al. [24] investigated the
role of food neophobia in consumers’ valuation of innovative food products by accounting
for sensory experience. They found that consumers who were more reluctant to eat new
foods also had a lower willingness to pay for food with an innovative trait. Moreover,
food traits such as “organic” and “low greenhouse emissions” contributed to a higher
willingness to pay among consumers in Spain and the UK [27].

Using a discrete choice experiment, this study aims to investigate consumers’ will-
ingness to buy tomatoes produced from GE plants that were bred by the CRISPR method.
Discrete choice experiments are often used when data on consumer behavior cannot be ob-
tained because the respective product is not yet offered on the market and thus the revealed
preferences approach cannot be pursued [28]. Discrete choice experiments build on the
random utility theory, which assumes that consumers draw utility from the attributes of
the goods. Two choice options differ in the level of at least one attribute; thus, a consumer
chooses the option from a choice set which provides the highest utility to him or her [29].

We focus on the following research questions: Are consumers willing to buy tomatoes
produced from GE plants? Apart from identifying the willingness to buy within a choice
experiment case study, we analyze the role of information intervention and sensory experi-
ence in the observed consumer behavior towards CRISPR GE tomatoes. Do participants’
choices change if information on the CRISPR breeding technology is provided? Does a
sensory experience, such as the inspection of CRISPR GE tomato plants in a greenhouse
laboratory, influence consumers’ attitudes towards GE tomatoes? It should be pointed
out that the sensory experience in this experiment included inspecting and touching the
CRISPR GE tomato plant and tomato fruit. The CRISPR GE tomato plants presented in
the greenhouse originated from breeding efforts that were aimed at the development of
a tomato cultivar that would be more resistant and resilient to diseases and pests so that
fewer pesticide treatments would be necessary. Furthermore, we aimed to analyze whether
changes in consumer preferences were persistent or whether they might indeed change or
become more well-defined during the repeated choice experiment. We therefore repeated
the choice experiment after a period of one week.

We hypothesize that the information and sensory experience of the CRISPR GE toma-
toes during a greenhouse visit increases the number of participants choosing CRISPR GE
tomatoes in the choice experiment, reflecting an increase in consumers’ willingness to buy
CRISPR GE tomatoes. The choice experiment is supplemented by a questionnaire, which, in
addition to socioeconomic and demographic traits, focuses on factors that could potentially
influence the willingness to buy CRISPR GE tomatoes.

Following a case study approach, this study is of an exploratory nature, meaning the
quantitative analyzability and the generalizability of results to a population are limited [4].
Due to the spread of the COVID-19 pandemic, hygiene and distancing rules had to be
applied, which limited the number of people participating in this study, particularly since
the study design included a visit to a greenhouse laboratory. Finally, the spread of the
pandemic limited the acquisition of participants due to movement restrictions put in place
by the government.

Our research hypothesis is only partially supported by the study results. We found
that providing information about the CRISPR breeding technology strongly increased the
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participants’ willingness to buy CRISPR GE tomatoes. However, the sensory experience
of inspecting and touching CRISPR GE tomatoes during a greenhouse visit decreased
the number of CRISPR GE tomato choices, although to a moderate degree. According to
our results, participants whose preferences towards CRISPR GE tomatoes changed over
the experiment were dominated by non-scientists, while the respondents with constant
preferences for CRISPR GE tomatoes were mainly employed as scientists. This result points
towards the potential importance of knowledge about the new technology in order for it to
be accepted.

2. Materials and Methods

The choice experiment of this study was composed of 4 choice sets with 3 choice
options each. Each choice option represented a package of tomatoes that was characterized
by 4 attributes, i.e., the breeding technology, production process, pesticide level, and the
price (Table 1). Generally speaking, option 1 corresponded with conventional tomatoes,
option 2 represented organic tomatoes, and the hypothetical option 3 covered tomatoes
grown from seeds that were bred using the CRISPR GE method.

Table 1. Characteristics of the choice options.

Attributes Levels Compatibilities

breeding technique traditional; CRISPR GE
option 1: traditional
option 2: traditional
option 3: CRISPR GE

production process conventional; organic
option 1: conventional

option 2: organic
option 3: conventional

pesticide level average; half of average
option 1: average

option 2: half of average
option 3: average; half of average

price per package EUR 3.50; EUR 2.50; EUR
1.50

option 1: EUR 2.50
option 2: EUR 3.50

option 3: EUR 2.50; EUR 1.50

More specifically, option 1 represented a package of tomatoes produced from plants
bred by traditional breeding techniques that was grown within a conventional tomato
production system meeting average standard pesticide level and having a price of EUR
2.50/package. Option 2 depicted a package of tomatoes produced from plants bred by
traditional breeding techniques grown in an organic production system with only half of the
average amount of chemical pesticides typically applied for tomatoes and offered at a price
of EUR 3.50/package. Hypothetical option 3 presented a package of tomatoes produced
from plants grown from seeds bred with CRISPR GE technology and conventionally grown,
while the pesticide levels and the price varied between the choice sets. In particular, for
choice sets 1 and 2, the pesticide level of option 3—similar to option 1—was an average
amount, while for choice sets 3 and 4—similar to option 2—it amounted to only half of
the average amount of pesticides used in tomato production. Similar to option 1, the price
for the tomato package in option 3 for choice sets 1 and 3 was EUR 2.50/package, while a
lower price (EUR 1.50) for choice sets 2 and 4 was used.

We did not consider an opt-out option among the choices even though it would
have made the experimental choice situation more similar to a real buying situation in a
supermarket. Sometimes, however, participants may select the opt-out option to avoid
a choice between homogeneous options [30,31]. By excluding an opt-out option, the
respondents were forced to choose one option out of the three in each choice set, assuming
they had a clear preference.

The questionnaire was designed to identify the factors influencing the willingness to
buy CRISPR GE tomatoes utilizing the theoretical model by Farid et al. [32]. Specifically,
questions were targeted at identifying the participants’ knowledge, attitudes, perceived
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benefits, perceived risk, and trust in the CRISPR technology and the willingness to buy
CRISPR GE tomatoes. The follow-up questionnaire was of a similar design and was
intended to highlight whether any of the possible influencing factors might have changed.

This choice experiment with the 4 choice sets (see Appendix A, Table A1) was con-
ducted 4 times to elicit consumer willingness to buy CRISPR GE tomatoes: (a) without prior
intervention, (b) after the provision of information, (c) following a greenhouse visit, and (d)
within a follow-up experiment (Figure 1). Participation was limited by the precondition to
eat and buy tomatoes regularly.
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Figure 1. Set-up of the choice experiments.

In the first choice experiment, the participants were asked to directly fill in the ques-
tionnaire and the choice experiment without any prior information about the CRISPR GE
tomatoes. In the second-choice experiment (“information intervention”), information on
the CRISPR GE breeding method was provided orally before the participants were asked
to fill in the choice experiment again.

After the completion of the second choice experiment, participants were taken to
a greenhouse laboratory at the Leibniz Institute for Plant Biochemistry (IPB) in Halle
(Germany) for a visual and tactile sensory experience with the CRISPR GE tomatoes for
the third choice experiment (“sensory experience intervention”). After the greenhouse
visit, participants were asked to fill in the choice experiment for the third time. One week
later, the respondents filled in the choice experiment again and a shortened version of the
questionnaire in the fourth-choice experiment (“follow-up experiment/survey”) which
aimed to verify any changes in choices, especially concerning the CRISPR GE tomatoes,
over time. Changes in choices would indicate whether consumer preferences might have
changed due to the information and sensory experience intervention.

During the “information intervention”, participants were given an oral explanation
of the changes induced by traditional plant breeding in general and the CRISPR GE plant
breeding method in particular. The difference between the two genetic breeding methods
of GE and transgenic GM was explained and examples of the advantages of CRISPR GE
crops were provided. In addition, participants were introduced to the CRISPR breeding
efforts for tomatoes through an explanation of the background of why they were created,
and the research aims for CRISPR breeding technology [2].

Within the scope of “sensory experience”, the respondents were encouraged to inspect
and touch the traditionally bred tomato and the CRISPR GE tomato plants in order to check
whether any differences could be recognized. In the greenhouse laboratory, additional
information on the CRISPR method was provided and questions by the participants were
answered by a senior scientist. It should be pointed out that, unlike Grunert et al.’s [23]
research, the CRISPR GE tomato plants presented in the greenhouse did not offer a direct
extra benefit to the participants. Especially since the breeding experiment was still ongo-



Sustainability 2022, 14, 971 6 of 12

ing, the CRISPR GE tomato plants did not yet require fewer pesticides compared to the
traditionally bred tomato varieties. In addition, the presented tomato plants were being
grown for research purposes; thus, they were about two meters tall with many large leaves
and only a few tomato fruits.

Participants in the choice experiment were selected using the method of convenience
sampling. People who could be contacted easily and whose participation could be orga-
nized under the COVID-19 pandemic conditions were gathered. This sampling method
enabled us to conduct the survey despite the strict distance and hygiene rules applied
during the outbreak of the COVID-19 pandemic.

Because of the small number of participants, we consider this choice experiment
as a case study. Thus, the survey and choice experiment results were not evaluated
quantitatively but rather qualitatively, e.g., by comparing the number of cases within the
study [33]. While these results cannot be generalized to the population, they might provide
valuable insights that could guide and justify the design of future data collection efforts [34].

3. Results

Data on 32 participants were gathered in November 2020 at the IPB in Halle, Ger-
many [35]. The participants’ ages varied between 19 and 56 years with an equal share of
men and women. With 41% of the respondents holding a university degree and 31% having
a PhD, the educational level of the respondents was particularly high and above the average
in Germany. Similarly, with 14 (44%) of the respondents employed as scientists and 17
(53%) as non-scientists, the share of scientists in the sample was above average. This special
characteristic of the sample opened up an opportunity to pay particular attention to the
possible influence of knowledge on the stated choices despite the small size of the sample.

The data gathered within the questionnaire show that the participants’ knowledge
of the CRISPR method was limited, but 94% stated they had an interest in learning more
about genetic engineering in the food sector. Overall, the results reveal a positive attitude,
trust, perceived benefits, and a willingness to purchase GE foods among the majority of the
respondents.

The CRISPR GE tomato choices for the sample of the 32 participants are presented
for each experiment by choice set in Table 2. It is striking that in the overall first choice
set (experiment 1) no participant chose a single CRISPR GE tomato package. In each
experiment, a similar pattern of CRISPR GE tomato choices through the choice sets unfolded.
In particular, the number of CRISPR GE tomato choices was higher for choice set 2 compared
to set 1 in all four experiments. We trace this back to the reduced price of the CRISPR
GE tomatoes—to a level below the price of a conventional tomato package—in choice
set 2 (reduced price effect). Even more participants chose the CRISPR GE tomatoes in
choice set 3 in all four experiments when the CRISPR GE tomato pesticide requirement was
reduced to a level similar to organic tomatoes (reduced pesticide requirement effect). The
number of participants who chose CRISPR GE tomatoes was always highest in choice set
4 when the package of CRISPR GE tomatoes was cheapest and the pesticide requirement
was reduced to a level similar to the organic tomato at the same time (reduced price and
pesticide requirement effect). Overall, amounting to 65, the total number of CRISPR GE
tomato packages chosen was highest for experiment 2 after the information intervention,
which was followed by experiment 4 after the “follow-up survey” with 62 and experiment
3 after the “greenhouse visit” intervention with 59 CRISPR GE tomato packages chosen.
With 45 tomato packages chosen, the preference for CRISPR GE tomatoes was lowest in
experiment 1 without any intervention. The observed overall CRISPR GE tomato choices
resulted from 25 respondents, who chose CRISPR GE tomatoes at least once throughout
the four choice experiments. Overall, 25 respondents chose CRISPR GE tomatoes at least
once throughout the four choice experiments, while seven participants did not choose any
CRISPR GE tomato package at all.
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Table 2. CRISPR GE tomato choices per choice set and experiment.

Exp. 1 Exp. 2 Exp. 3 Exp. 4

choice set 1 0 5 5 4
choice set 2 9 15 14 15
choice set 3 15 20 18 20
choice set 4 21 25 22 23

total 45 65 59 62

The changes in the CRISPR GE tomato choices throughout the four experiments
are depicted in Table 3. Following the information intervention after experiment 1, an
additional five, six, six, and four CRISPR GE tomato packages were chosen in choice
sets 1, 2, 3, and 4, respectively, compared to experiment 1. These changes resulted from
11 participants preferring the CRISPR GE tomato package at least once in experiment 2,
while only one participant chose one less package of CRISPR GE tomatoes. In contrast,
after the greenhouse visit, we observed only two CRISPR GE tomato packages chosen by
two additional participants in experiment 3, while seven respondents chose fewer than
eight CRISPR GE tomato packages. In the fourth-choice experiment, which was conducted
one week after the third-choice experiment, we observed an increase in CRISPR GE tomato
choices by three in total resulting from five CRISPR GE tomato choices more among four
respondents, while two respondents preferred fewer CRISPR GE tomatoes. It should be
pointed out that three of the four respondents with increasing CRISPR GE tomato choices in
experiment 4 had decreased their CRISPR GE tomato choices in the previous experiment 3.

Table 3. CRISPR GE tomato choices and their change per choice set and experiment.

Choices
Exp. 1

In
fo

rm
at

io
n

In
te

rv
en

ti
on

Change Choices
Exp. 2

Compared to
Exp. 1

G
re

en
ho

us
e

V
is

it

Change Choices
Exp. 3

Compared to
Exp. 2

O
ne

W
ee

k
La

te
r

Change Choices
Exp. 4

Compared to
Exp. 3

choice
set 1 0 +5 +1/−1 −1

choice
set 2 9 +6 −1 +2/−1

choice
set 3 15 +6/−1 +1/–3 +2

choice
set 4 21 +4 −3 +1

total 45 +20 −6 +3

From an overall perspective, we found that more CRISPR GE tomatoes were chosen in
experiment 4 compared to experiment 1 in each choice set. More specifically, four, six, five,
and two more CRISPR GE tomato packages were selected in choice sets 1, 2, 3, and 4 of
experiment 4, respectively, summing up to an additional 17 CRISPR GE tomato packages
in total.

We identified 17 respondents who changed their CRISPR GE tomato choices in experi-
ment 4 compared to experiment 1, with one to six changes in CRISPR GE tomato choices
each. Among the changers, 13 participants (41%) chose more, and 4 respondents (13%)
chose fewer CRISPR GE tomatoes (Figure 2). However, the number of CRISPR tomato
choices remained constant for 15 participants. It should be pointed out that 7 of the 15
participants with constant choices chose organic tomatoes in all 16 choice sets continuously.



Sustainability 2022, 14, 971 8 of 12

Sustainability 2022, 13, x FOR PEER REVIEW 8 of 12 
 

Table 3. CRISPR GE tomato choices and their change per choice set and experiment. 

 
CRISPR to-

mato choices 
exp. 1 

in
fo

rm
at

io
n 

in
te

rv
en

tio
n Change CRISPR tomato 

choices 
exp. 2 compared to exp. 1 

gr
ee

nh
ou

se
 v

is
it 

Change CRISPR to-
mato choices 

exp. 3 compared to 
exp. 2 

on
e 

w
ee

k 
la

te
r 

Change CRISPR to-
mato choices 

exp. 4 compared to 
exp. 3 

choice set 1 0 +5 +1/−1 −1 
choice set 2 9 +6 −1 +2/−1 
choice set 3 15 +6/−1 +1/-3 +2 
choice set 4 21 +4 −3 +1 

total 45 +20 −6 +3 

 
Figure 2. Overall change in CRISPR GE tomato choices.  

To further evaluate the choices, we built on the special feature of our sample, i.e., that 
14 respondents were employed as scientists and 17 as non-scientists, while one did not 
indicate the affiliation. We found that the majority of scientists (64%) kept their CRISPR 
GE tomato choices unchanged, while the CRISPR GE tomato choices of the majority of the 
non-scientists (71%) had changed in experiment 4 compared to experiment 1. 

Moreover, the results of the repeated questionnaire filled in during the fourth 
experiment show that participants slightly lost trust in the CRISPR technology and 
assessed their own knowledge as lower compared to the first questionnaire on average. 
Furthermore, the assessment of the willingness to buy remained constant. This is in 
contrast to the results of the choice experiment, which indicated that the willingness to 
buy substantially increased, which was reflected in the 17 additional CRISPR GE tomato 
packages chosen and the 13 respondents with more CRISPR GE choices in experiment 4 
compared to experiment 1, while only four respondents had decreased their CRISPR GE 
choices. 

4. Discussion 
To summarize, CRISPR GE tomatoes were widely chosen throughout the choice 

experiments with its 16 choice sets. In particular, 25 out of the 32 participants chose a 
CRISPR GE tomato package at least once. This result confirms the positive attitude, trust, 
and perceived benefits stated by the majority of the respondents towards GE foods in the 
questionnaire. The CRISPR GE tomato choice pattern observed in each experiment 
suggests that the reduced pesticide amounts in the CRISPR GE tomatoes induced more 

3
-2

9

10

-2

5

1

-5

0

5

10

15

20

more less constant

unknown

non-
scientistsnu

m
be

r 
of

 p
ar

tic
ip

an
ts

17 CRISPR tomato 
“changers”

15 participants with constant 
CRISPR tomato choices

Figure 2. Overall change in CRISPR GE tomato choices.

To further evaluate the choices, we built on the special feature of our sample, i.e., that
14 respondents were employed as scientists and 17 as non-scientists, while one did not
indicate the affiliation. We found that the majority of scientists (64%) kept their CRISPR
GE tomato choices unchanged, while the CRISPR GE tomato choices of the majority of the
non-scientists (71%) had changed in experiment 4 compared to experiment 1.

Moreover, the results of the repeated questionnaire filled in during the fourth experi-
ment show that participants slightly lost trust in the CRISPR technology and assessed their
own knowledge as lower compared to the first questionnaire on average. Furthermore, the
assessment of the willingness to buy remained constant. This is in contrast to the results of
the choice experiment, which indicated that the willingness to buy substantially increased,
which was reflected in the 17 additional CRISPR GE tomato packages chosen and the 13
respondents with more CRISPR GE choices in experiment 4 compared to experiment 1,
while only four respondents had decreased their CRISPR GE choices.

4. Discussion

To summarize, CRISPR GE tomatoes were widely chosen throughout the choice
experiments with its 16 choice sets. In particular, 25 out of the 32 participants chose a
CRISPR GE tomato package at least once. This result confirms the positive attitude, trust,
and perceived benefits stated by the majority of the respondents towards GE foods in
the questionnaire. The CRISPR GE tomato choice pattern observed in each experiment
suggests that the reduced pesticide amounts in the CRISPR GE tomatoes induced more
participants to choose CRISPR GE tomatoes, and thus this is valued higher by consumers
than a lower price.

We recognize that about half of the respondents changed their CRISPR GE choices
during the experiments. In particular, an additional 17 CRISPR GE tomato packages
were chosen in the fourth experiment compared to the first experiment, arising from 13
respondents increasing and 4 respondents decreasing their CRISPR GE tomato choices. The
increased willingness to buy CRISPR GE tomatoes revealed in the choice experiments is
not in line with the constant level of willingness to buy genetically engineered foods as
stated in the questionnaire filled in during the first and the fourth experiment. We assume
that the willingness to buy that was indirectly identified in the choice experiment better
reflects consumers’ actual preferences than a willingness to buy directly identified through
self-assessment in the questionnaire.

However, the number of CRISPR GE tomatoes chosen varied throughout the exper-
iments. We especially observed a strong positive effect of providing information on the
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CRISPR technology between choice experiments 1 and 2, leading to an increase in the
CRISPR GE tomatoes chosen by 20 packages in experiment 2. We observed, on the other
hand, a rather weak, predominantly negative effect of the greenhouse visit, which resulted
in a decrease in the chosen CRISPR GE tomatoes by six packages altogether in experiment
3. This result does not confirm our hypothesis that a sensory experience will increase a
willingness to buy. We explain this finding as a result of the type of presentation about
the CRISPR GE tomatoes in the greenhouse. As pointed out above (in Section 2), in a
way different to Grunert et al. [23], the presentation of the tomatoes in the greenhouse
did not make evident the actual but rather the potential additional benefits of the CRISPR
GE tomatoes to the participants. In our study, breeding efforts were still ongoing and
the breeding aims, that is, to make a high-yielding tomato variety more resilient against
pathogens and pests, were not yet reached. In this regard, our results confirm the findings
in the literature that genetically engineered foods are accepted more by consumers if they
provide an extra benefit to them. Apart from the 17 respondents who changed their CRISPR
GE tomato choices, the remaining 15 participants showed a constant number of CRISPR GE
tomato choices. In particular, 7 out of the 15 participants with constant CRISPR GE tomato
choices did not choose any CRISPR GE tomatoes throughout the experiments, but rather
chose organic tomatoes in all 16 choice sets. This result may be interpreted as evidence
for participants that prefer organic tomatoes to have more specified preferences regard-
ing CRISPR GE tomatoes. It seems that the willingness to buy CRISPR GE tomatoes by
people preferring organic tomatoes could not be influenced by information and a sensory
experience/acquaintance with the technology.

The results of the choice experiments further reveal that the participants with constant
CRISPR GE tomato choices were dominated by scientists (by 65%), while 70% of the
respondents with changing CRISPR GE tomato choices were employed as non-scientists.
Assuming that the scientists had more knowledge of the CRSIPR technology compared to
non-scientists, these results could be interpreted as evidence that knowledge on the new
technology is key for impacting preferences.

Our study results may be interpreted as evidence for the importance of providing
information and opportunities to become acquainted with the technology to increase
consumers’ willingness to buy food from plants bred by CRISPR, which has also been
confirmed in the existing literature [22,35]. Consumers of ecologically produced tomatoes
seem to be less likely to change their willingness to buy GE tomatoes, and future research
could test whether consumers of organic tomatoes have more specified preferences and
well-defined opinions about CRISPR GE tomatoes.

5. Conclusions

Our findings serve to draw preliminary conclusions regarding the design of science
communication. In general, science communication aims to provide information on and to
familiarize the general public with new technologies. However, science communication
should rather target people with little knowledge on the new technologies and who do
not yet have well-defined preferences regarding the technology. Furthermore, the format
of science communication should be well selected. Yang and Hobbs [22] have shown that
information provided within a narrative form may be better suited for the public versus
the logic-scientific form. When it comes to the timing of science communication, scientific
information on the CRISPR methodology should be provided when the new technology
and information thereof are not yet widespread, and thus people have not yet formed an
opinion on the new technology beyond a general cautiousness against something unknown.

Nevertheless, the results of this case study should be interpreted with care. Due to
the limited size of the sample, these results should not be generalized [6]. Despite that, the
results of this case study can provide guidance for future research that would allow for a
generalization of results if based on a larger sample size. Moreover, the factors determining
the tomato choices could be investigated comprehensively within a quantitative analysis of
the survey results in future research.
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Appendix A

Table A1. Design of the choice experiment.

Choice set 1

Option 1 Option 2 Option 3
Breeding technique Traditional Traditional with CRISPR

Production technique Conventional Organic Conventional
Pesticide level Average Half of average Average

Price in EUR per
package EUR 2.50 EUR 3.50 EUR 2.50

Choice set 2

Option 1 Option 2 Option 3
Breeding technique Traditional Traditional with CRISPR

Production technique Conventional Organic Conventional
Pesticide level Average Half of average Average

Price in EUR per
package EUR 2.50 EUR 3.50 EUR 1.50

Choice set 3

Option 1 Option 2 Option 3
Breeding technique Traditional Traditional with CRISPR

Production technique Conventional Organic Conventional
Pesticide level Average Half of average Half of average

Price in EUR per
package EUR 2.50 EUR 3.50 EUR 2.50

Choice set 4

Option 1 Option 2 Option 3
Breeding technique Traditional Traditional with CRISPR

Production technique Conventional Organic Conventional
Pesticide level Average Half of average Half of average

Price in EUR per
package EUR 2.50 EUR 3.50 EUR 1.50
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