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Genetically modified (gm) crops are disliked by a majority of the
population in most European countries. Until now, it has not been
known whether the same lack of acceptance that is known to apply
to transgenic crops will apply to cisgenic crops - plant breeds produced using gene technology, but containing no DNA foreign to
their species. To study a potential difference in acceptance, we
conducted a survey using the actual case of fire blight - a disease
affecting several species of fruit trees - as a context for our questions. Five different phytosanitary measures against fire blight
were proposed to the respondents, including cisgenic and transgenic apple breeds and treatment with the antibiotic streptomycin.
The respondents (n=665), a random sample from the Swiss population, were asked about their attitudes, the effectiveness they expected of each of the measures, and their willingness to consume
the produced apples. Only about 40 % of the respondents distinguished between cisgenic and transgenic apples when rating
them. This group tended to favor the cisgenic apple breeds not
only to the transgenic ones but also to the option of antibiotic
treatments. Structural equation models were used to test the dependence of the attitude towards the phytosanitary measure on the
other two factors. This analysis revealed analogies between the
(dis-)acceptance of gm breeds and antibiotic treatments: in both
cases, the expected effectiveness of the measures had little or no
impact on the subject’s overall judgment.
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1.

Introduction

In Switzerland, a major part of the population objects to genetic engineering applications in the field of agriculture. In November 2005, Swiss
voters approved a five-year moratorium on genetically modified (gm)
crops and livestock (BUNDESRAT 2006). Several studies (e.g. SIEGRIST
2000, BONFADELLI et al. 2007) showed a clear distinction in perceptions
and attitudes between red (medical) and green (agricultural) applications of the technology. Whereas in the case of red applications the expected benefits outweigh the potential risks, “green biotechnology is still
regarded as risky and without practical benefits and, morally, it is
against the natural order of things” (BONFADELLI et al. 2007, p.118).
This finding is not a Swiss particularity, but rather seems to be true for
most of Europe. Especially in the neighboring German-speaking countries, consumers perceive gm-food as one of the major potential risks in
nutrition. In a Eurobarometer study on risk perception (EFSA and DGSANCO 2006), 24 % of the Austrian and 19 % of the German respondents spontaneously thought of gm-food when asked about possible
problems or risks associated with food.
It has been argued that the lack of acceptance of the green applications
of genetic engineering hinges on a perceived absence of benefits (Gaskell et al. 2006, p. 18). In fact, medical problems are more likely than
agricultural challenges, such as plant diseases, to touch the lives of
most citizens in European countries. Therefore it seems natural that it is
easier to perceive potential benefits in red applications than in green
ones. However, there exist successful green applications, for example,
insect-resistant gm crops. Genes from Bacillus thuringiensis (Bt) for a
toxin against specific insect species were introduced in tobacco (Vaeck
et al. 1987), and other crops, such as cotton and maize, allowing considerable reductions in insecticide use (Brookes and Barfoot 2005
p.193). Also, a chemically synthesized Bt-like sequence (cryIAc) was
introduced to apple breeds which showed the desired resistance against
the codling moth (Cydia pomonella) (IBANEZ and DANDEKAR 2007,
p. 264). Furthermore, successful attempts to increase resistance against
apple scab (Venturia inaequalis - a fungus) and fire blight have been
reported (GESSLER and PATOCCHI 2007). Although some of this research
is promising, up to now, none of the transgenic apple cultivars has been
brought to commercial use. IBANEZ and DANDEKAR (2007, p. 250) state
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that the negative perception of gm plants by the public has slowed the
development of transgenic plants, and that necessary yield and quality
trials have not yet been conducted. The development of cisgenic apple
breeds is under progress, being enabled by recent technological advances (e.g. the “clean vector technology”, KRENS et al. 2004).
As public acceptance is a crucial point for the commercial success of
gm apples, some researchers hope for more favorable perceptions regarding cisgenic crops. It has been argued (see JOCHEMSEN 2008) that
genetic modifications are less problematic from an ethical point of view
when the gene sequences used are taken from the species that is to be
modified (cisgenesis). As a consequence, compared to transgenic
crops, cisgenic crops could also be more acceptable for consumers and
producers (GESSLER and PATOCCHI 2007, p. 128).
The aim of our study is to examine the attitudes towards cisgenic and
transgenic crops, to compare them to each other and to the attitudes
towards their alternatives. To provide a concrete frame, we examine
these issues in the context of apples and the challenge of fire blight.

1.1 Background on fire blight disease
With its major break-out in 2007, fire blight is a topic that is likely to have
been noticed by the population. Swiss media extensively reported about
this plant disease. Fire blight infects apple trees or other Maloideae and
is caused by the bacterium Erwinia amylovora. One strategy of combat
is the application of the antibiotic streptomycin during the blossom period. This option is regarded controversially; in Switzerland, its application was not permitted until 2008, when it was allowed under strong restrictions (e.g. only farm-specific permits). One alternative to streptomycin is a yeast preparation, which is also approved for organic farming. Its
application has shown quite satisfactory results, although it is less effective than the antibiotic. Another strategy is to breed more resistant apple
varieties. But due to the long generation interval of 3-5 years, this is a
difficult and time-consuming task (KOLLER et al. 1995, p. 20). Fire blight
resistance is one main target for genetic engineering in apples (see
GESSLER and PATOCCHI 2007, p.122-124).
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2.

Methodology

A. Research Design
While using basically the same group of technologies, cisgenesis and
transgenesis lead to products that are clearly distinct with regard to their
DNA. However, this does not mean that the population perceives them
as anything distinct. Distinction is a matter of categorization; creating
categories is a cognitive act of grouping distinguishable objects or
events in order to treat and label them equivalently (see MERVIS and
ROSCH 1981). This also applies to the evaluations of these objects.
One form of evaluation is the attitude which, as a scientific concept, can
be defined as “a psychological tendency that is expressed by evaluating
a particular entity with some degree of favor or disfavor” (EAGLY and
CHAIKEN 1993, p. 1). As such, attitudes are conceived as latent constructs that influence the person’s beliefs, affective reactions and behaviors. Therefore, cognitive, affective and behavioral observation data can
be used as indicators (see HIMMELFARB 1993). In questionnaires - including the one used in our study - self report measures such as rating
scales are often used to assess attitudes. While the theoretical concept
assumes an attitude to be a stable cognitive construct, concrete evaluations are always susceptible to the context (KROSNICK et al. 2005,
p. 27f). Therefore, it is important to define the frame in which the evaluations are performed.
In our study, the frame is given by a problem: fire blight threatening apple production. Thereby, the gm apples are represented as two among
other phytosanitary measures. Two of the measures included in the
study are effective in the short term, and three are effective only in the
long term:
Measure 1:

Antibiotic treatment

Measure 2:

Yeast preparation treatment

Measure 3:

Traditional breeding

Measure 4:

Genetic engineering, apple genes only

Measure 5:

Genetic engineering, genes from other species
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Measures 1 to 3 are compatible with Swiss law. For measures 4 (cisgenic) and 5 (transgenic), research is allowed but the cultivation of such
trees is banned because of the abovementioned moratorium.
In order to compare the perceptions of the different measures, three
criteria were chosen to elicit ratings:
•

the attitude as an over-all opinion on the measure

•

the measure’s expected effectiveness

•

the willingness to buy and consume apples produced in such a way

Our analysis focuses on comparing the ratings for various measures;
the absolute meaning of the evaluations is of limited validity in other
contexts. Just as stated and revealed preference are divergent in many
situations, there is evidence that consumers’ stated purchase intentions
can both over- and understate actual purchase rates (see MORWITZ
1997). KASSARDJIAN et al. (2005) report that in experimental auctions, a
majority of the New Zealander participants showed a positive willingness to buy gm apples, although before the experiment, only about a
quarter of them supported the presence of gm food in supermarkets.
In our study, measure comparison is performed on two levels. First the
measures are compared with regard to single-criterion ratings (e.g. their
distributions). Then measures are compared regarding the relationships
between the criteria. On both levels, it is useful to divide the sample by
gender, as there is evidence that women are more concerned about
technological and environmental risks than men are (see SIEGRIST 2003,
p. 47).
In the first level of analysis, traditional breeding is used as a point of
reference. In the questionnaire, the term “traditional” was used to denote
a default strategy to address agricultural problems.
Some comparisons are of special interest and engender the following
research questions:
R1. Is there a difference between evaluations of antibiotic treatment as
compared to cis- or transgenic apple breeds? Given the strong objection to gm plants, this comparison can be expected to reveal a
preference for antibiotic treatment.
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R2. Does it make a difference whether a genetically modified apple
contains apple genes only as opposed to genes from other species? We test the hypothesis of equivalent ratings.
R3. Which proportion of the respondents distinguishes between cisgenic and transgenic apples? Based on the concept of categorization, a failure to make such a differentiation can be interpreted as
perceiving only one category of gm apples, which encompasses
cisgenic as well as transgenic apples. Consequently, distinguishing
can be interpreted as perceiving two different categories of gm apples or as one category including more and less representative examples.
On the second level, the relationships between the criteria are estimated
separately for each measure, using path models and mixed structural
equation models with one latent variable (see KLINE 2005 for the technique). The attitude towards a measure against fire blight is assumed to
depend on the willingness to consume the apples produced in that way
and the expected effectiveness of the measure to combat fire blight.
This causal structure is based on the hypothesis that an overall judgment is dependent on judgments regarding more specific criteria. However, the causalities of the relations could be reversed in two cases.
First, people who experience difficulty in making a judgment about the
effectiveness of a phytosanitary measure might use their general attitude towards the measure as a cue (see KAHNEMAN 2003, p. 707). Second, some respondents might refuse to consume apples as an act of
protest against a specific measure. These cases of response behavior
must be expected, especially if a measure is controversial, as is the
cultivation of gm apple trees. However, the general attitude towards the
cultivation of gm plants, which was included in the model as a further
step of analysis (figure 1), can be expected to take the place of a causal
factor for protesting non-consumers of gm apples.
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Fig. 1: Factors influencing the attitude towards the measures against fire
blight.
It must be clear that other important factors might influence the subject’s
attitude towards phytosanitary measures. As far as gm products are
concerned, SIEGRIST (2008) mentions perceived benefit, perceived risks
and perceived naturalness, as well as trust, to be important factors for
the acceptance of such technologies. The expected effectiveness in this
study reflects perceived benefit, whereas the willingness to consume
can be supposed to be influenced by the perceived risks and naturalness. The simplified model in this study was chosen in order not to
overwhelm the evaluation process, as five measures had to be compared by the respondents.
Consequently, the last research question concerns these relationships:
R4. Are there specific patterns in the relationships among the criteria
rated for the different phytosanitary measures? The measurespecific ratings regarding effectiveness and willingness to consume
can be expected to show significant effects in all models; the general attitude towards the cultivation of gm plants can be expected to
be significant in the models for gm measures only.
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B. Questionnaire
The data for this study were collected with a questionnaire sent by mail
to a sample of the population. The general subject of the survey was the
population’s perception of agriculture and their expectations towards it.
Only one section of the questionnaire was dedicated to the topic of the
present paper. It included a text page (see appendix 1) where the problem of fire blight and the measures of abatement were briefly described.
Thereby, it was assured that everyone had access to the same information. However, we did not determine whether the respondents actually
read the texts. The fire blight section started with a question block in
which the respondents were asked to rate the importance of combating
fire blight and to indicate their perception of the seriousness of this plant
disease. These questions served to focus the respondents on the problem to be solved. The ratings reflect whether the respondents took the
problem seriously. After this introduction section, respondents had to
appraise all five measures, one criterion after the other. Earlier in the
same questionnaire, the respondents had been asked about their opinions regarding the cultivation of genetically modified plants in general.
To measure the variables concerned by the present study, we used fivepoint rating scales.
C. Data and representativeness
In mid August 2008, 1500 questionnaires were sent to a random sample
of addresses from the phone book for the German-speaking part of
Switzerland. The addressees were reminded twice and data collection
took place until mid-November. Finally, 665 questionnaires (44 %) were
returned. For some parts of the analysis, only the completely answered
questionnaires were used (n=537).
In total, 51,7 % of the respondents are women, which corresponds well
to their proportion in the adult population. Younger persons (below 40)
are underrepresented in our study as compared to the general population. It can be assumed that this is partly caused by an underrepresentation of this generation in the phone book. For fix net phones, registration
in the phone book is the default, but for mobile phones book listings are
added only upon request. Experts estimate that about 10-15 % of the
adult Swiss population is not reachable by the phone book database
because they are not registered or because they do not have a tele-
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phone in their households (see JANN 2006). This might also have excluded persons with very low income from the sample. Furthermore, as
has to be expected when conducting a written survey, less educated
people are underrepresented in the sample. In this survey, this is particularly the case for women with no post-obligatory education, who in
2008 represented 16,8 % of the female population aged between 25-64
years (BFS 2009). These women make up only 6 % of the sample.
These are the major limitations of the representativeness of this study.
As the attitude towards gm plants was not the major topic of the survey,
there should not be any bias due to the respondents’ interest in the
topic.

3.

Results

A. Distributions
The answers to the questions introducing the problem of fire blight suggest that the respondents took the topic seriously. On a five-point scale,
61 % of the respondents rated it as very important to combat fire blight,
and 48 %, 51 % and 36 % thought the possible consequences (respectively, farmers losing income, danger to meadow trees and fewer apples
from Swiss production) were very grave.
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Fig. 2: Ratings of the five measures over three criteria, grouped by
gender.
Figure 2 shows the responses regarding the different measures to combat fire blight, grouped by the respondents’ gender. Some differences
between genders are significant: When judging classical breeding,
women state a more positive attitude and a higher willingness to con-
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sume, but men state more positive attitudes and higher willingness to
consume when judging the measures implying antibiotic treatment or
genetic engineering. This is consistent with the findings of other studies
(e.g. SIEGRIST 2003). For the expected effectiveness, there is a significant difference only regarding the measure of classical breeding, which
was rated slightly higher by women. No gender effect is shown for the
yeast preparation measure. One detail to point out is the willingness to
consume apples produced with antibiotic treatment: 55 % of the female
respondents and 41 % of the male respondents state that they (rather or
surely) would not buy and eat such apples. Since the market share of
organic apples is not that large, such a difference between intention and
purchase behavior can be explained by unawareness of one’s own
preferences or a lack of knowledge of characteristics of the product (see
MORWITZ 1997, p. 58-61): If these respondents were attentive, they all
should confine themselves to eating organic apples; the trees the other
apples come from might have been treated with antibiotics.
For purposes of interpretation it is useful to compare the ratings for the
different measures with the ratings for traditional breeding. Figure 3
shows that antibiotic treatment is the only measure that is expected to
be as effective as breeding. This comparison is somewhat doubtful,
though, one being a short-term and the other being a long-term measure. The cis- and transgenic measures are expected to be less effective.
The willingness to consume and the attitude are closer to traditional
breeding for yeast treatment than for the other measures. But even if
this measure offers little reason for skepticism, it is judged less positively compared to traditional breeding. Nevertheless, antibiotic treatment and the cis- and transgenic apple breeds meet much less acceptance. As expected, antibiotic treatment is still more acceptable than
genetic engineering. The difference is significant for all criteria and for
both cis- and transgenic breeds. Thus, considering the sample as a
whole, research question R1 can be answered as expected. However, it
must be noticed that, with regard to the attitude and the willingness to
consume, cisgenic breeds were rated more similarly to antibiotic treatment than to transgenic breeds.
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Fig. 3: Ratings of the measures relative to traditional breeding.
Some respondents rated a proposed phytosanitary measure uniformly
over all three criteria. The tendency of raters to appraise different criteria
“as if they were functions of a global evaluation or of the salient features” (COOPER 1981, p. 219) is called the halo effect. In our study, the
halo effect seems to increase with skepticism towards the measure:
Whereas the proportion of uniform ratings is negligible for traditional
breeding and yeast preparation (0,5 and 2,3 % of the respondents), and
small (6,4 %) for the antibiotic treatment, this value rises to 14,2 % and
16,3 % for cis- and transgenic breeds. Theoretically, true halo must be
distinguished from illusory halo (COOPER 1981, p. 220): While the first
reflects a true correlation of judgments over different criteria and therefore represents no problem for measurement, the second consists in
answers not reflecting true opinions. The causes of illusory halo can be
various, including insufficient motivation or knowledge of the respondent. Especially when a criterion is difficult to judge, respondents may
substitute the attribute in question with a heuristic one (KAHNEMAN 2003,
p. 707-710). Compared to a statement about one’s own willingness to
consume specific apples, a statement about the effectiveness of the
measure must be expected to be a more difficult task. Therefore the
ratings for this criterion are more likely to be biased by a halo effect.
Actually, separating the respondents with uniform ratings leads to a distribution of expected effectiveness of transgenic breeds that, visually, is
much closer to normality (figure 4). The illusory halo contribution cannot
be estimated. The probability for uniform responses over all criteria
seems to increase with opposition to the measure. Strong opposition
might impede the acceptance of possible advantages of the disliked
thing, or it might impede the consideration of a criterion’s content.
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Therefore, the halo effect in this case can be interpreted as an extreme
form of a negative bias caused by strong opposition. A better education
might help to mitigate this bias: Only 9% of the persons with higher education, but 27% of the respondents without post-obligatory education
have answers characterized by the halo effect for the transgenic measure.

Fig. 4: Expected effectiveness of transgenic breeds against fire blight.
The proportions of respondents who expect traditional breeding to be
more effective, compared to cis- or transgenic breeds, are 43 % and
48 %, respectively. About one third of these respondents show a halo
effect in their judgments of transgenic breeds. Only 24 % or 23 % of the
respondents expect improved effectiveness from cis- or transgenic
breeds. Without counting the halo-respondents, this proportion is shifted
in favor of genetic engineering, though without reversing the majorities
(34 % or 40 % consider traditional breeding to be more effective; about
28 % each seem to favor cis- and transgenic breeds).
Table 1 displays the ratings for both genetic engineering measures. The
hypothesis of equivalent ratings (research question R2) is tested on all
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three criteria: the attitude, the willingness to consume and the expected
effectiveness. As the differences between the pairs of variables are not
normally distributed, a non-parametrical test is conducted as well as a
parametrical one.
The hypothesis of equivalent ratings for both measures is rejected for all
three criteria, with the cisgenic breed rated more positively. The difference in the ratings is highest for the attitude and smallest for the expected effectiveness.
Tab. 1: Tests for the hypothesis of uniform ratings over cisgenic and
transgenic breeds
criterion

attitude

expected
effectiveness

willingness to
consume

Z

-11.840

-5.118

-10.946

sig.

.000

,.000

.000

Ties

425=67 %

512=82 %

479=74 %

t

13.512

4.992

12.155

sig.

.000

.000

.000

n

636

627

646

direction of
difference

cisgenic is rated
more positively
than transgenic

cisgenic is rated
more
positively
than transgenic

cisgenic is rated
more
positively
than transgenic

Wilcoxon
signed-rank
test

t-test

It is important to note that the number of ties (same value for both variables) is high, ranging from 67 % (attitude) to 82 % (effectiveness).
Among respondents, 60 % do not distinguish between cisgenic and
transgenic apples in any of the three criteria. Consequently, the answer
to research question R3 is 40 %. There is no significant difference in this
proportion between genders and age groups. However, when dividing
the sample in non-distinguishing respondents (“cis=trans group”) and
distinguishing respondents (“cis≠trans group”), there is a significant correlation between group membership and education (Kendall’s τ = 0,09,
p<0,05). At the lowest educational level, 70 % of the respondents do not
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distinguish; among respondents with university degrees, this percentage
drops to 54 %.
The attitude towards cisgenic breeds is much more positive in the
cis≠trans group than in the cis=trans group, but there is no significant
difference between the groups regarding the attitude towards transgenic
breeds (see figure 5). There are significant correlations of group membership and expected effectiveness or willingness to consume, in either
case confirming higher ratings in the “cis≠trans group” for both gm
breeds. However, the difference between the groups is much smaller for
the transgenic breeds than for the cisgenic breeds, and, in the case of
the willingness to consume, the differences mainly concern the distributions between the negative categories. These results suggest that differentiating respondents are not generally more positive about gm apples, but that they do not perceive cisgenic apples as in the same category as transgenic ones.

Fig. 5: Comparison of respondent differentiation between cis- and transgenic breeds.
Next, to provide a second answer to research question R1, the ratings
by the cis≠trans group regarding cisgenic breeds are compared to the
ones regarding antibiotic treatment (table 2). As it turns out, this group
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seems to favor cisgenic breeds to antibiotic treatment. This finding regards the attitude and the willingness to consume the apples, whereas
the antibiotic treatment is considered to be more effective than cisgenic
breeds. One explanation could be that antibiotic treatment is effective in
the short term. In fact, ratings for the expected effectiveness from the
cis≠trans group show no significant difference between the two longterm measures cisgenic breeds and classical breeding.
Tab. 2: Tests for uniform ratings regarding cisgenic apples and antibiotic
treatment, cis≠trans group only
criterion

attitude

expected
effectiveness

willingness to
consume

Z

-3.454

-4.859

-2.819

sig.

.001

.000

.005

Ties

74=29 %

99=39 %

84=33 %

t

-3.838

4.784

-2.930

sig.

.000

.000

.004

n

253

251

256

direction of
difference

cisgenic is rated
more positively
than antibiotic

antibiotic is rated
more positively
than cisgenic

cisgenic is rated
more positively
than antibiotic

Wilcoxon
signed-rank
test

t-test

B. Relationships between the variables
At the second level of analysis, we built path models. These models
describe the linear dependencies of the attitude towards each measure
on the expected effectiveness of that measure and the willingness to
consume the apples produced. For this very simple model, the solution
calculated by AMOS is equivalent to what would be found estimating a
linear regression, despite the use of a different algorithm (fitting the covariance matrix with the maximum likelihood method instead of minimizing the sum of squared residuals over the cases).
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Tab. 3: Path model for the attitudes towards the measures against fire
blight
measures:

R2

βcons

βeff

corrce

antibiotic treatment

0.49

0.66***

0.10**

0.29***

yeast preparation

0.36

0.47***

0.26***

0.31***

traditional breeding

0.31

0.27***

0.42***

0.29***

cisgenic breeds

0.62

0.73***

0.15***

0.32***

transgenic breeds

0.59

0.74***

0.09***

0.25***

n=537
R2: part of the variance in the attitude explained by the model
levels of significance: ** < .01; *** < .001

The models for each measure were estimated only for the respondents
who answered all the questions (n=537). First it must be noted that the
explanatory power of the models for classical breeding and yeast preparation is weak (R2 of 0,31 and 0,36 respectively, see table 3). Second,
the R2 values of the models concerning antibiotic treatment as well as
cis- and transgenic breeds are higher (0,49, 0,62 and 0,59), but their
explanatory power depends primarily on the contribution of the willingness to consume. The beta weight for the expected effectiveness is
highest in the model for classical breeding and smallest (though significant) in the transgenic breeds model. The correlation between the two
explanatory factors is considerable in all models. As the models are just
identified, no fit measures can be computed.
Figure 6 shows a mixed structural equation model including the attitude
towards the cultivation of gm plants in general as a latent factor. The
indicators for this factor (GA1 to GA3) consist of the degree of agreement with gm plant cultivation, the attitude towards the present moratorium prohibiting such cultivation, and the term for which the respondents
would like it to be prolonged. All three indicators show that a large proportion of the respondents oppose the cultivation of gm plants.
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Fig. 6: Mixed model for the attitudes towards the measures against fire
blight.
Tab. 4: Results of the mixed models for the attitudes towards the measures against fire blight
measures

R2

βcons

βeff

corrce

antibiotic treatment

0.50

0.63***

0.11***

0.27***

0.10**

0.37***

0.10*

yeast preparation

0.38

0.47***

0.25***

0.31***

-0.15***

0.02 ns

-0.07 ns

traditional breeding

0.35

0.26***

0.37***

0.27***

-0.20***

cisgenic breeds

0.66

0.50***

0.14***

0.20***

0.29***

0.76***

0.26***

transgenic breeds

0.65

0.50***

0.08**

0.14**

0.34***

0.71***

0.21***

βgmp

βgco

-0.12**

n=537
R2: part of the variance in the attitude towards the attitude explained by the model
standardized results; levels of significance: ns = not significant; ** < .01; *** < .001
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The latent factor is supposed to influence the attitude, as well as the two
other factors, the willingness to consume and the expected effectiveness. It is significant not only in the models related to genetic engineering, but in all five models (table 4; see appendix 2 for measures of fit
and non-standardized results). Furthermore, R2 was improved in all
models: most in the model for transgenic breeds and least - only marginally - in the model for antibiotic treatment. In the models for the cisand transgenic breeds, the correlation between the willingness to consume and the expected effectiveness was considerably reduced, revealing the attitude towards gm plants in general as one of its sources.
For the antibiotic measure, the influences of the latent factor show the
same directions as for the genetic engineering measures: The larger the
acceptance of gm plants, the more positive the opinion about antibiotic
treatment. This effect is largest on the willingness to consume. As the
gm attitude can hardly be supposed to be a cause of the opinion regarding treatments with antibiotics, there must be some common cause to
booster skepticism, such as concern about unknown consequences.
A negative attitude towards gm plants seems to increase the expected
effectiveness of classical breeding. Comparing the models for traditional
breeding and the cisgenic breeds, the respective beta weight is of the
same size but with opposite sign. Please note: there is no significant
correlation between the expected effectiveness of both measures.
Therefore, the effect is not caused by the concrete gm measures framing the perception of classical breeding. Again, there seems to be some
hidden factor connected to the gm attitude, such as a concept of “nature
makes it best” and “the more natural - the more effective”.
Splitting the sample along gender lines (table 5) confirms the main findings:
•

There is little influence of the expected effectiveness on attitudes
towards antibiotics and cis- or transgenic breeds. In the women’s
group, the influence of the effectiveness of transgenic breeds and
antibiotics is not even significant. Men seem to put more weight on
the expected effectiveness than women.

•

The willingness to consume apples from a production applying antibiotics seems to be reduced by some factor also present in the concern against gm plants. A proportion of men seem to perceive such
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a supposed “concern for unknown consequences,” even for the application of a yeast preparation.
•

The effect of the gm attitude in general (or a connected factor) on
the expected effectiveness of classical breeding is present in both
groups, but much more important in the men’s group.

Tab. 5: Results of the mixed models, estimated separately for women
and men
women (n=271)

R2

βcons

βeff

corrce

antibiotic treatment

0.50

0.60***

0.09 ns

0.23***

0.18***

yeast preparation

0.39

0.49***

0.25***

0.29***

traditional breeding

0.31

0.25***

0.38***

cisgenic breeds

0.65

0.54***

transgenic breeds

0.56

men (n=266)

βgmp

βgco

βgeff

0.30***

0.17**

-0.06
ns

-0.08 ns

-0.09 ns

0.34***

-0.11*

-0.18**

-0.15*

0.10*

0.20**

0.30***

0.71***

0.23***

0.35***

0.07 ns

0.04 ns

0.46***

0.67***

0.14*

R2

βcons

βeff

corrce

antibiotic treatment

0.51

0.65***

0.11*

0.32***

0.06 ns

yeast preparation

0.38

0.47***

0.26***

0.34***

-0.22***

traditional breeding

0.36

0.28***

0.35***

0.23***

cisgenic breeds

0.65

0.48***

0.19***

transgenic breeds

0.68

0.60***

0.09*

βgmp

βgco
0.37***

βgeff
0.08 ns

0.13*

-0.01 ns

-0.23***

-0.02 ns

-0.31***

0.20**

0.28***

0.79***

0.28***

0.22**

0.25***

0.71***

0.26***

levels of significance: ns = not significant; * < .05; ** < .01; *** < .001

To sum up the results of modeling, figure 7 shows the phytosanitary
measures grouped in controversial measures (gm breeds and antibiotics), and non-controversial measures (traditional breeding and yeast
preparation). This distinction represents whether a clear majority of the
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respondents stated negative or positive attitudes towards the measure.
The parameters shown in figure 7 are the ones calculated without splitting the sample, but in addition, the sign of each significant parameter
estimated for four sub-groups is indicated. The subgroups are defined
by gender and by whether the respondents distinguish between the cisand the transgenic cases (cis≠trans group), or not (cis=trans group).
Thereby, some sensitivity of the relationships among criteria is shown:
There is no reversal of signs between different groups.

Fig. 7: Results for the models estimated for the sample (n=537) and its
subgroups.
To summarize, our findings were as follows:
•

For controversial measures, the influence of the expected effectiveness on the attitude is small and not stable over different groups of
respondents. The model is dominated by the willingness to consume the apples (and factors of higher normative order, such as the
attitude towards gm plants).
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•

For non-controversial measures, the effects of the expected effectiveness and the willingness to consume the apples are more balanced. However, a large proportion of the variance in the attitudes
towards the measures is not explained by the models.

•

The attitude towards gm-plants in general explains a large part of
the variance in the willingness to consume gm-apples (cisgenic or
transgenic). This attitude appears even to influence the willingness
to consume apples produced with antibiotic treatment. As an interpretation, an underlying factor of concern about unknown consequences can be supposed to correlate with both the attitude towards
gm-plants and the willingness to consume apples produced with antibiotic treatment.

•

In the models for the non-controversial measures, the influence of
the attitude towards gm plants is of minor importance and tends not
to be stable over groups.

•

For several measures, there was a tendency of the attitude towards
gm plants in general to influence the expected effectiveness. However, the tendency was not stable over all groups of respondents. In
the models for the genetic engineering measures, this relationship is
significant only in the cis=trans groups. As a matter of fact, when
excluding the halo-respondents from the sample, this influence becomes insignificant, as does the correlation between the expected
effectiveness and the willingness to consume.

•

In the model for classical breeding the apparent influence of the
attitude towards gm plants in general should be interpreted to stem
from a common underlying factor, influencing the attitude towards
gm-plants and the expected effectiveness.

4.

Conclusion

For respondents distinguishing cis- from transgenic, cisgenic apple
breeds seem to be an option that is more acceptable than antibiotic
treatment. However, cisgenic breeds are regarded to be less effective
against fire blight, which could result from the difference in time frame.
Still, the level of acceptance of antibiotic treatment does not appear to
be very high. As the proportion of respondents with a negative stated
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willingness to consume apples from production with antibiotic treatment
is much larger than the market share of organic apples, the role of antibiotic treatments in non-organic apple production seems to be ignored
by a large proportion of consumers. It is doubtful that the presence of
cisgenic apples would be ignored in the same way. Therefore, an
equivalent (or higher) amount of stated acceptance does not necessarily
result in equivalent (or larger) revealed preferences.
Further, only 40 % percent of the respondents are ready to distinguish
between cisgenic and transgenic apple breeds. In the population, the
proportion must be expected to be even slightly lower because people
with less education are underrepresented in our study’s sample.
One difficulty when aiming to promote the acceptance of cis- or transgenic apple breeds is the weakness of the influence of the expected
effectiveness on attitude. However, the same problem seems to be present in the perception of antibiotic treatment. In addition, the skepticism
regarding antibiotic treatment seems to share some of its cognitive
background with the skepticism regarding gm plants in general (e.g.
higher perceived risks and little perceived naturalness, see SIEGRIST
2008).
The expected effectiveness seems to have a considerable effect on the
attitudes only when judging measures that do not cause controversy.
This finding appears clearly among the women’s responses, whereas
the men’s responses show at least some tendencies for a link between
the effectiveness of genetic engineering measures and the respective
attitudes.
There seems to be an influence of the attitude towards gm plants on the
expected effectiveness of cis- and transgenic breeds. However, this
effect nearly disappears when the respondents who do not differentiate
between criteria (halo-effect) are excluded. The proportion of the respondents showing such a response pattern increases with the proportion of opposition against the measure. Therefore, they can be supposed to be very strong opponents, unwilling to concede any positive
attribute to the disliked object. For the remaining respondents, the main
problem of acceptance is not that the technology lacks any benefit, but
that its potential benefit is not important at all. Nevertheless, this must
not be interpreted as a contradiction of GASKELL et al. (2006), who hypothesized the perceived absence of benefits as a major barrier to ac-
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ceptance. As a large proportion of the respondents are quite confident
that traditional breeding techniques will lead to a solution to combat fire
blight, they might not feel any necessity to search for a more effective
long-term measure.
These findings suggest that, when thinking about genetic engineering as
offering possible future solutions to Swiss agriculture, cisgenic applications certainly are more likely to be accepted by the public than transgenic ones. Nonetheless, they would be controversial as well.
As this study used the context of fire blight to explore differences in the
attitudes to cisgenic and transgenic plants, other frameworks should be
used to gather further evidence. Also, the comparison of these attitudes
should be extended to other explanatory factors such as perceived risks
regarding health or environment. Additionally, the perceptions and beliefs that motivate or impede the differentiation in perception between
cisgenic and transgenic breeds should be explored. Furthermore, the
similarity of findings for antibiotic treatments of apple trees and the cultivation of gm breeds should be looked at more closely. Especially when
investigating risk perception and the influence of trust, the comparison
between the two promises to be interesting, one being legal, the other
prohibited in the Swiss context.
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Appendix 1: Questionnaire

Fig. 8: Fire blight section in the questionnaire (original).
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Appendix 2: Fit indices and non-standardized solutions
Tab. 6: Fit indices for the mixed models, estimated without grouping
DF

Chi2

p of Chi2

Chi2/DF

CFI

GFI

RMSEA

p of RMSEA

antibiotics

6

6.449

0.375

1.075

1.000

0.996

0.012

0.894

yeast

6

17.557

0.007

2.926

0.989

0.989

0.060

0.265

breeding

6

6.244

0.396

1.041

1.000

0.996

0.009

0.902

cisgenic

6

19.446

0.003

3.241

0.992

0.987

0.065

0.193

transgenic

6

28.332

0.000

4.722

0.987

0.982

0.083

0.032

Tab. 7: Fit indices for the mixed models, estimated separately for
women and men
RMSEA

p of
RMSEA

0.990

0.026

0.906

0.989

0.986

0.043

0.647

1.638

0.992

0.988

0.035

0.811

0.016

2.068

0.991

0.985

0.045

0.601

0.000

2.976

0.985

0.979

0.061

0.197

DF

Chi2

p of Chi2

Chi2/DF

CFI

GFI

antibiotics

12

16.485

0.170

1.374

0.996

yeast

12

23.772

0.022

1.981

breeding

12

19.658

0.074

cisgenic

12

24.814

transgenic

12

35.715
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Tab. 8: Mixed models, non-standardized solution, estimated without
grouping (n=537)
explained variable

explaining variable

antibiotic

yeast

breeding

cisgenic

transgenic

willingness to
consume

attitude towards gm plants

0.47***

0.03 ns

-0.08**

0.91***

0.75***

expected
effectiveness

attitude towards gm plants

0.10*

-0.05 ns

-0.23***

0.28***

0.24***

GA1

attitude towards gm plants

1.00

1.00

1.00

1.00

1.00

GA2

attitude towards gm plants

0.93***

0.93***

0.94***

0.87***

0.86***

GA3

attitude towards gm plants

1.19***

1.20***

1.20***

1.11***

1.07***

attitude towards
measure

attitude towards gm plants

0.11**

-0.14***

-0.16***

0.32***

0.31***

attitude towards
measure

expected effectiveness

0.12***

0.31***

0.33***

0.15***

0.07**

attitude towards
measure

willingness to consume

0.56***

0.44***

0.33***

0.46***

0.44***

Tab. 9: Mixed models, non-standardized solution, estimated for women
only (n=271)
explained variable

explaining variable

antibiotic

yeast

breeding

cisgenic

transgenic

willingness to
consume

attitude towards gm plants

0.51***

-0.11 ns

-0.14**

1.03***

0.75***

expected
effectiveness

attitude towards gm plants

0.23***

-0.09 ns

-0.18*

0.33***

0.21*

GA1

attitude towards gm plants

1

1

1

1

1

GA2

attitude towards gm plants

1.02***

1.03***

1.03***

0.95***

0.91***

GA3

attitude towards gm plants

1.56***

1.51***

1.49***

1.33***

1.23***

attitude towards
measure

attitude towards gm plants

0.28***

-0.09 ns

-0.11*

0.40***

0.46***

attitude towards
measure

expected effectiveness

0.10 ns

0.34***

0.33***

0.09*

0.05 ns

attitude towards
measure

willingness to consume

0.56***

0.46***

0.33*

0.50***

0.31***
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Tab. 10: Mixed models, non-standardized solution, estimated for men
only (n=266)
explained variable

explaining variable

antibiotic

yeast

breeding

cisgenic

transgenic

willingness to
consume

attitude towards gm plants

0.42***

0.12*

-0.02 ns

0.87***

0.74***

expected effectiveness

attitude towards gm plants

0.07 ns

-0.01 ns

-0.25***

0.26***

0.25***

GA1

attitude towards gm plants

1

1

1

1

1

GA2

attitude towards gm plants

0.91***

0.91***

0.92***

0.85***

0.85***

GA3

attitude towards gm plants

1.07***

1.08***

1.08***

1.01***

0.99***

attitude towards
measure

attitude towards gm plants

0.06 ns

-0.18***

-0.17***

0.30***

0.22***

attitude towards
measure

expected effectiveness

0.12*

0.30***

0.33***

0.20***

0.08*

attitude towards
measure

willingness to consume

0.56***

0.43***

0.34***

0.43***

0.52***
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