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Consumers’ Evaluation of Biotechnology in Food Products:
New Evidence from a Meta-Survey

Abstract
This study examines the systematic evidence entailed in existing research on consumers’
evaluation of biotechnology in food products. The extant literature related to this topic
typically originates from a variety of research disciplines, but shares an underlying focus in
dealing with the issue of public acceptance of biotechnology in food and its corresponding
behavioural processes. We develop a meta-study methodology to measure the envelope of an
underlying construct that represents consumer evaluation of biotechnology in food products.
The analysis combines information from 1673 survey questions out of 214 different studies.
Findings from our mixed effects meta-model show that survey questions with positive
(negative) connotations about biotechnology tend to be associated with positive (negative)
measures of evaluation. Stated benefits of biotechnologies in food do not produce any
significant positive reaction. Price discounts, increased production and various perceived
risks generate negative coefficients. The EU dummies appear insignificant, while previous
meta-studies found significant negative evaluation among EU consumers. We show that
survey questions related e.g. to risk and ethical concerns have been asked more often in EU
surveys compared to non-EU countries. Our study sheds further light on those aspects that
appear the most influential ones in directing consumer evaluation of biotechnology in food
products. Furthermore, we discuss potential strategies for future research- and policy design
in relation to these technologies.
Keywords: Biotechnology, GMO, Genes, consumers, evaluation, attitude, Meta-Analysis

1 Introduction
Genetically modified (GM) content in food has been a topic for intensive public debate over
several decades and while available technologies for plant and animal breeding now have
come to include non-GM biotechnologies such as genomics, the object is still highly
controversial. Such products may contain gene modifications, enzyme modifications, cloning
and hormone treatment. In response to the importance of this research field, numerous studies
in economics, psychology and social sciences have provided attempts to measure consumers’
evaluation of biotechnologically modified food products. By ‘evaluation’ we refer to studies
that have aimed to provide quantitative measures of concepts such as ‘acceptance’ or
‘perceptions’, ‘attitudes’, and alike. Typically, during such studies, survey respondents are
asked to express their preferences regarding a certain type of biotechnologically modified
food product, and in a second step statistical analysis is commonly applied to condense
survey information and to test hypotheses that were usually derived from some conceptual
framework.
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In the literature that attempts to measure consumers’ evaluation of biotechnologically
modified food products, reported outcome variables include e.g. estimated price markups,
willingness to pay (WTP), factor loadings, risk premia, etc. Even though all these measures
approach in a meta-sense an envelope of an underlying construct that represents a common
basis of consumer preferences for (or against) biotechnology in food products, none of these
measures is typically comparable to the other.
Nevertheless, by focusing on subsets of comparable outcome measures that such studies
report, several Meta-Analyses have tried to synthesize the empirical evidence related to these
underlying preferences that consumers reveal with respect to biotechnologies in food
products: Dannenberg (2009) includes 59 studies, Hall, Moran and Allcroft (2006) include 22
studies; Lusk, Jamal, Kurlander, Roucan and Taulman (2005) include 25 studies.
However, if the literature to be meta-analyzed appears very heterogeneous according to the
units of measurement by which findings are reported, as in the case of consumer evaluation
of biotechnology in food products, any Meta-Analysis that is driven by the need to include
only homogeneous outcome variables may suffer from a small and potentially biased
literature sample, unless one would falsely try to compare “apples with oranges” (Wachter
1988).
In this study we therefore argue that previous Meta-Analyses related to biotechnologies in
food products have been unable to span the broader construct of consumer evaluation and
instead had to be kept rather narrowly focused on studies that happen to report the same or a
similar outcome measure (such as WTP). Contrary to previous systematic reviews, the MetaAnalysis that we present in this article does not focus on a comparison of the reported
outcome measures of studies within our literature sample. Instead, we focus on studies that
present descriptive statistics of survey statements, as long as these statements can be
interpreted as addressing ‘consumers’ evaluation of biotechnology in food products’. Such
descriptive statistics usually report at least the average (mean) response that a sample of
consumers has expressed on a corresponding numerical scale. Such scales include binary
(yes/no) measures as well as e.g. scales with 3, 4, etc. and even more than 10 choice
categories (usually “Likert-Scales”). Furthermore, to make these descriptive statistics
comparable across studies, the first part of our study included an on-line survey in which a set
of judges, in a randomized and repeated way, performed a re-scaling of reported scale
endpoints to a common benchmark scale. This procedure allowed us to derive a standardized
mean response that was distributed around zero (=neutral evaluation).
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The approach allowed us to combine information from 1673 survey questions that were
reported by a sample of 214 different studies, covering 58 different geographical regions,
such that the information in our meta-survey is based on responses from more than 200 000
respondents. Based on the assumption that all survey questions in our dataset captured a
common aspect of an underlying psychological factor ‘product evaluation’, our objective was
to identify how differences in the rescaled mean response rate (=our empirical representation
of “evaluation”) could be explained by food product characteristics and the related
biotechnologies in question, but also by informational context provided during a survey. We
furthermore try to identify if and to what extent regional disparities regarding consumer
attitudes towards biotechnology in food products exist, and if peer review affected reported
findings within our literature.
The underlying research question of this article is therefore what type of systematic evidence
the existing research shows about the way how consumers evaluate certain types of
biotechnologies in different food products. Our aim is to combine research results from
several scientific areas and to integrate parametric and non-parametric measures into the
systematic review of the multi-dimensional area of biotechnology in food. This way, we
intend to obtain better predictions about which group of consumers would likely be willing to
accept what type of biotechnology in which food product.
Our analysis aims to serve several audiences: Scientists who work on the development of
biotechnological methods in existing and future food products will hopefully get a broader
and more comprehensive overview on what type of systematic evidence that social sciences
have so far generated with respect to the specific characteristics that a certain biotechnology
would have to show before being accepted or rather dismissed by a certain group of
consumers. Policymakers and decision-makers in the Agro-food business may utilize our
results as background information during decisions about the potential use of biotechnology
in certain food products. Finally, researchers in the social sciences will find the literature
sample underlying this Meta-Analysis to be the largest set of scientific and grey papers on
biotechnology in food products that has to date been in detail meta-analyzed.
The following section reviews the methodological approaches and findings of previous meta
studies that have systematically analyzed the existing literature about consumers’ evaluation
of biotechnology in food products. Section 3 introduces our methodological approach,
presents descriptive statistics of the meta data set underlying this study and explains our
econometric modeling approach. Section 4 explains findings from our mixed effects meta
regression model and Section 5 discusses findings from our study and concludes.
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2. Previous Reviews on Consumers’ Evaluation of Biotechnology in Food Products
Systematic reviews of socio-economic studies on consumers’ evaluation of biotechnology in
food products very well exist: Pin and Gutteling (2009) try to characterize the scientific
literature about public perception of genomics as far as contained in Web of Science and
Scopus. For this purpose they screen and categorize the abstracts and reference information
of 451 published articles, but claim to have not been able to read further into each article due
to the large number of studies; therefore, their study does not qualify as a Meta-Analysis in
the strict sense. However, as one of their findings Pin and Gutteling (2009) conclude that “…
social science research is linked to public opinion and attitudes. European researchers tend
to focus more on topics related to agri/plant genomics, while researchers in the United States
focus more on the field’s medical applications”.
As potential reasons for this, Pin and Gutteling (2009) suspect not only the public interestdriven spending of governmental research funding, but also the fact that the public discourse
may have caused a social bias among researchers in favor the corresponding topics. Pin and
Gutteling (2009) furthermore claim that within their literature sample much more emphasis is
on the accompanying risk rather than on potential benefits of GM technologies, and they
conclude that the GMO related social science publications suffer in general from inconsistent
terminology, sparse use of commonly established theoretical frameworks, and overall poor
quality of the abstracts in question. For instance, the authors claim that roughly 1/3 of the
studies that they screen fail to mention a methodological framework at all.
The three existing Meta-Analyses which are closest to the topic of this article provide much
more in-depth comparison of the studies that they meta-analyze than Pin and Gutteling
(2009) do. Table 1 summarizes these Meta-Analyses; however, the table shows that rather
small literature samples were analyzed. This can be explained by the fact that only few
published articles in this research area happen to provide comparable outcome measures.
Further related meta studies not reflected in Table 1 include Hartl (2007) and Rodriguez and
Abbott (2007). Hartl (2007) aims to conduct a Meta-Analysis in order to identify
determinants of willingness to pay (WTP) for genetically modified food. This study has been
published as a thesis and reaches to similar conclusions as Dannenberg (2009).
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Table 1: Overview on three recent Meta-Analyses with similar scope on biotechnology
Dannenberg, 2009
Hall, Moran and Allcroft, 2006 Lusk et al., 2005
51 primary studies
22 valuation studies & 56 WTP 25 valuation studies & 57 WTP
114 GM food valuation estimates btw. 1992- values. btw 1992-2003. Data values.
2007. Mean participants/study = 511.
divided in 3 sets.
Sample characteristics; Location
Selected Elicitation procedure, Sample characteristics, Response rate;
49% US, 33% EU, 9% Asia, 9%
explana- Food Products (GM animals 13%, products Survey year;
consumed by children 23%, other products Survey country; Description of Canada & Australia; 20%
tory
students, 14% grocery shoppers,
food in survey; Participant
variables 64%) & 23% of observations based on
randomly recruited subjects;
products w/ direct consumer benefit (taste,
group; Survey distribution
Method for eliciting consumers’
nutrition). Env. & agronomic benefits not
method; Survey topic;
valuation of GM food;
included. Regional: 48% N.A., 25% EU, 13% Elicitation technique
Asia, 11% Aust/Oc, 3%Africa); voluntary
Characteristics of food being
(48%) vs. mandatory (52%) labelings.
valued
% Premium WTP for absence of GM
% Premium for GM free food % Premium for non-GM food over
Depeningrediences. Some studies report price
GM food
dent
% Premium for GM food with
Variable discount req’d to accept GM. Valuation
studies commonly use relative diff. to
clear benefits
demonstrate diff. btw WTP for GM food &
WTP for conventional food.
Selected
• Elicitation methods & formats in primary • On avgerage, respondents
• As much as 89% of variation
Results &
studies affect valuation est. much more
were WTP 24% premium to
in existing valuation estimates
Conthan sample characteristics.
avoid GM food, but willing
is explained by: sample
clusions
to buy GM food at 37%
characteristics; elicitation
• Aversion to GM food steeply increasing
discount.
format; type of food.
in Europe, only gently increasing in
• On avg, WTP 9% extra for
• EU customer valuations for
America and even decreasing in rest of
GM foods without clear
non-GM food 29% > US
world.
benefits.
customers.
• Significantly higher aversion to GM food
• Perceived risks of GM foods • Valuations in-person generates
noted when animal genes involved, but
appear to outweigh promised
lower premiums for non-GM
effect is relatively small.
benefits in minds of some
food, compared to tel. or mail.
• GM food products in Europe may have
consumers.
• Premiums elicited in nonchance only as a niche product, at least
hypothetical context
for time being, whereas they may rapidly
significantly < hypothetical
spread out in other regions of the world.
premiums.
• Premiums using WTA value
measure exceed WTP
valuation.
• GM meat is least desired GM
food. GM oil draws least
concern.
Question of why European consumers persist Suggests considering the
Explaining why consumers have a
Future
research in their distrust towards this new technology differences between European particular valuation, predicting
remains to be answered.
nations, rather than lumping
how these valuations change,
European countries together. determine effect of public policies
on valuations.
Title
Data

Source: Own presentation.

The work by Rodriguez and Abbott (2007) does not appear to be a statistical meta study in
the same manner as those summarized in Table 1, but highlights the importance of context
(developed vs. developing world) for the way how biotechnology issues are discussed by a
broad public audience. Rodriguez and Abbott (2007) note that (studies from) developed
countries would often discuss biotechnology with a focus on “food safety”, whereas
developing countries may be more concerned with the need for “food security”. Similarly,
Dannenberg (2009) calls future research to address this observed gap, also with respect to
consumer responses observed in Africa versus South America.
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3 Data and Methodology
3.1

The literature sample

Developing a representative literature sample of the socioeconomic literature on consumers’
evaluation of biotechnology in food products required a systematic search in all potentially
relevant literature databases. Working paper databases have also been included in our search.
The databases that were covered by our literature search include the database of the American
Economic Association, EconLit, EconPapers, AgEcon Search, Agricola, the ISC Web of
Knowledge, Emerald, SpringerLink, ScienceDirect, Scopus (Elsevier), Business Source
Premier, Sage Premier, JSTOR, Social Sciences Citation Index, ASSIA, the online archives
of Science, Nature, Scirus, Ingenta Connect, ICABR and Google Scholar.
Predefined lists of search word combinations that reflect the underlying topic “evaluation of
biotechnology in food products” have been applied to each of these databases. After
elimination of duplicates and removal of apparently unrelated works, a total number of about
1200 articles have been retrieved and were initially screened through a procedure similar to
the one outlined in Pin and Gutteling (2009). During this initial screening procedure the topic
of each paper has been classified into different categories of topics according to the
information provided in title and abstract. This information is presented in Figure 1.
However, it turned out that in many cases the unit of measurement of the actual numerical
findings does not coincide with these main topics, e.g. a study that appears to be about risk
perception may report findings in terms of Willingness to Pay. It furthermore turned out that
about 40% use qualitative approaches while 60% are empirical in nature, out of which a
smaller subset uses original survey data. Furthermore, except from studies that report WTP
measures, the reported numerical outcome variables differ even within the remaining
categories to such an extent that hardly literature samples of more than 10 to 20 comparable
publications emerge.
Similar to the findings by Pin and Gutteling (2009), we conclude from this step of our
analysis that only a minor share of all studies fulfills the criteria of being i) similar enough to
each other and ii) thoroughly enough documented that they qualify for inclusion into a joint
Meta-Analysis. In other words: No Meta-Analysis that selects one of the outcome categories
presented in Figure 1 can claim to represent a major share of the entire existing literature with
respect to consumers’ evaluation of biotechnology in food products.
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Figure 1: Result of the literature search after initial screening for main topic

Source: Own.

However, incorporating all studies that are summarized in Figure 1 within the same MetaAnalysis is not feasible either. The following section explains the procedure that we have
applied to this literature sample in order to obtain comparable numerical information. From
680 quantitative studies initially included, 214 studies could be included into our final meta
data set; a list of these studies is available in appendix A1.
3.2

The dependent variable

The dependent variable of our Meta-Analysis follows a fundamentally different approach
than the Meta-Analyses summarized in Table 1 were using: Our approach completely ignores
typical outcome variables of the studies within the literature sample summarized in Figure 1.
Instead, the dependent variable of our Meta-Analysis consists of the descriptive statistics that
studies report about respondents’ answers to questions in the corresponding surveys. Such
survey questions are typically based on different scales (i.e. binary or Likert) in order to
obtain numerical assessments of the underlying psychological constructs.
However, these scales again vary widely across and sometimes within studies. Therefore,
these responses had to be rescaled to a common benchmark Likert scale 1 which has been set
to the following range: {-3,-2,-1,0,+1,+2,+3}. The rescaling procedure requires to express the
maximum and minimum (=the scale ends or endpoints) of an actual scale in terms of this

1

We are grateful to Klaus Grunert and Joachim Scholderer for suggesting this approach.
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reference scale. This yields re-scaled endpoints in terms of the benchmark scale; with these
rescaled endpoints it is possible to re-express the observed mean response y from question r
in study i as a new mean ~
y r ,i through the following commonly used transformation:

~y = ( y r ,i − xr ,i )(ω r ,i − α r ,i ) + α + 1 (ω − α ) .
(1)
r ,i
r ,i
r ,i
r ,i
2
min
xrmax
,i − xr ,i

In this context, x min , x max and x (subscripts dropped) refer, respectively, to the originally

(

)

observed lower endpoint, upper endpoint and midpoint of the scale used on question r in
study i. The variables α ,ω are defined as the corresponding rescaled lower endpoint and
higher endpoint values. These values have been obtained during a procedure for which ten
research assistants were trained. These assistants have determined independently from each
other their subjective assessment of the re-scaled values. For this purpose have all original
statements been pooled into a database and then presented to each judge three times in
randomized order using an on-line questionnaire format after which the overall means of
three ratings ( α ,ω ) and corresponding standard deviation were obtained. Care was taken to
observe consistency using a set of regularly repeated hold-out statements. Table 2 illustrates
the input (“Original”) and output (“Rescaled”) of this procedure.
Table 2: The rescaling procedure by example
Original
Study

Question

Scale

Rescaled
Anchors

Mean
(y)

Category

Min
(α )

Max Mean
y)
(ω ) ( ~

Moon et al.
(2003)

“Agrobiotechnology poses
hazards on eco-systems”.

7 point Disagree completely…
Likert Agree completely

3.61

Consider -2.73
Dangerous

.47

Aerni (2005)

“how do you assess the
potential of genetic
engineering for solving
Agr. Policy problems?”

5 point 1= ‘no potential
Likert at all’
5= ‘very high potential’

2.20

Consider -2.40
Beneficial

2.43 -0.95

Nayga et al.
(2006)

“Attitude toward GM
labeling”

Binary

0.07

Scholderer
(2005)

“Applying gene technology 7 point strongly disagree...
in food production is
Likert strongly agree
unnatural”.

GM products should be
labeled … should not
be labeled

5.44

Label
Needed

-1.50

Unnatural -2.43

-0.47

1.97 -1.28

2.10 0.92

Source: Own.

3.3

Explanatory Variables

In Table 2, the column “Rescaled…Category” reports examples of categories that have been
formed after the meta dataset had been compiled: All original survey questions have been
assigned to broader categories that intend to capture the underlying meaning of the question.
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The labels of these categories have been determined jointly by the members of the research
group based on the perceived content of a certain question. We test the statistical relationship
of these categories with the dependent variable by including them as explanatory variables
into our econometric meta model. Further variables included in the vector X of explanatory
variables are explained in detail Table A-1 in the appendix A2. This table provides a full list
of all explanatory variables, their included categories and the units of measurement that we
have established. Most of the variables are discrete and enter the meta regression as dummy
variables unless perfect multicollinearity would preclude this.
3.4

Within- and between study variability and econometric Meta Model

From an econometric perspective, the information within the meta dataset is nested in various
levels: The literature sample contains n=214 studies, and within each study a descriptive
statistic about a scaled answer to at least one question is reported, which leads to r ≥ n
original questions (in the sample underlying this analysis r = 1673). Furthermore, these
questions have been used with different numerical scales such as binary, 5- point Likert, 7point Likert, etc. such that there are k ≤ n ≤ r different scales in use. The way how the

endpoints of a scale k are defined matters, because this often frames an implicit underlying
suggestion for the question, as the following example illustrates: Two otherwise identical
scales may show the following endpoints “Do not agree at all” / “fully agree” versus “I am
rather against” / “I am definitely in favor”. We suggest that such differences may have a
relevant effect on the way how respondents express their evaluation, and this effect may have
not been fully captured by the Meta-Analyses summarized in Table 1.
In our literature sample, there are significantly more different endpoints (m=1,…,M) than

original scales, but not as many as individual questions, since common endpoints such as
“agree/disagree” etc. occur in several studies such that k ≤ n ≤ m ≤ r . Furthermore, previous
Meta-Analyses have highlighted the importance of the country (j=1,…,J) where a study has

been conducted, and potentially the year (t=1,…,T) when a sample was taken. Both the time
and location dimension may capture different states of consumer preferences due to otherwise
unobserved factors, e.g. income changes, food scandals or other shifts in the public discourse
about food.
Thus, the r = 1673 observations in our dataset are expected to exhibit variation according to
each of these levels. The residuals from an Ordinary Least Square (OLS) meta regression
would therefore potentially be correlated with some or all of these levels, which poses a
severe violation of the underlying assumptions of the OLS model. The econometric approach
10

that we employ therefore explains the rescaled mean response value ~
y (equation 2) as a
function of a vector X of explanatory factors (fixed effects). Furthermore, we investigate the
variability of this dependent variable with respect to several random effects 2. The meta model
is estimated using Restricted Maximum Likelihood (REML) and follows the general
framework of a “mixed effects” model (Pinheiro and Bates 2000): Random effects are
specified such that they capture potential variation due to the experimental setup of every
study, due to differences between the individual survey questions, and due to potential
measurement error from the rescaling procedure, while fixed effects represent coefficients
that are determined across all observations. Equation 2 presents in matrix notation the mixed
effects meta model that we estimate (Bates, Mächler and Bolker, 2012):

~y = Xβ + Zb + ε

(2)
In this equation, b ∼ N(0,Ψ) and ε ∼ N(0,σ Λ), with b being the vector of random-eﬀect
2

coeﬃcients to be determined for the random effects groups contained in Z; ε is the vector of
residual errors for individual observations. Ψ is the covariance matrix of the random eﬀects,
X is the vector of sample-generic explanatory variables and β the corresponding vector of
coeﬃcients to be estimated on X (“fixed effects”). This model is estimated using the lme4
package (Bates, Mächler and Bolker, 2012; Bates, 2013) from the R network software (R
Development Core Team 2013). Model specification and selection of the final meta
regression model is based on the following steps:

1. Starting out with an OLS regression, variance inflation factors (VIF) are computed in order
to identify and remove those explanatory variables that are most highly collinear to other
ones; VIFs up to the critical level of 10 are tolerated.
2. A mixed effects model is specified that includes the remaining explanatory variables
regardless their level of significance. Alternative specifications of nested random effects for
various levels are explored; selection of the best random effects specification takes place
based on AIC and likelihood ratio test model selection criteria.
3. The general Model: Insignificant explanatory variables (= “fixed effects”) are removed
according to the lowest t-values first. This procedure is stopped as no major improvement in
AIC and coefficient of determination (R2) occurs. However, this leads to a final meta model
that still includes several insignificant fixed effects coefficients (see appendix A-2).
4. The parsimonious Model: In a final step all insignificant fixed effects coefficients are
removed from the general model, dropping always the coefficient with the lowest t-value first
2

The terminology of “fixed” versus “random” effects differs slightly between their use in relation to mixedeffects models versus econometric panel models, compare e.g. Wooldrige 2001.
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and re-estimating the model again, until no more insignificant variables remain. This leads to
a restrictive and more parsimonious final meta model; however, this model does not show
directly which coefficients have no statistically significant effect on our measure of
evaluation of biotechnology in food.
4 Results
4.1
Interpretation of regression results
According to the model selection criteria it turns out that three random effects with intercept
(no varying random coefficients) perform best: random effect for the study i, random effect
for the different scale ends k in use, and a random effect for the original question r. The
standard deviation for these random effects shows that variability within the dependent
variable is highest due to scale ends in use, second-highest due to the actual question that was
asked and to a lesser extent due to other differences between studies (Table 3).
Table 3 presents the parsimonious final meta model as a result of step 4 of the model fitting
process. The stepwise procedure of removal of insignificant fixed effects has been executed
on the first model specification in Table A-2 in the appendix A2. After that, again dummies
for countries and publication type have been added, which turns only two coefficients
insignificant. This confirms the robustness of our meta-model because the set of significant
fixed effects and the overall explanatory power of the model remain stable even under
alternative specifications of X. The estimated coefficients of the fixed effects in Table 3 show
the partial effect of a certain explanatory category on the rescaled mean response of
respondents on the 7-point reference scale (midpoint=0).
Given the robustness of our econometric findings from the different model specifications
presented in Table 3 and appendix A2 table A-2, several conclusions can be drawn about
consumers’ evaluation of biotechnology in food products:
i) Survey questions with positive connotations about biotechnology tend to be associated with
positive measures of evaluation, while negative connotations seem to induce negative
reactions. Many of our pre-established categories of survey questions appear significant in a
way that questions which transport a positive connotation about biotechnology tend to be
associated with positive measures of ~
y , while negative suggestions implied in the question
tend to induce a negative reaction, everything else equal (note that the rescaled measures
have been further transformed according to their sign so that positive coefficients always
reflect a positive attitude towards biotechnology and vice versa).
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Table 3: The mixed effects meta regression model
Random Effects
Original Question
Scale Ends
Study ID
Residual

Var. Std.Dev.
(Intercept) 0.150
0.387
(Intercept) 0.234
0.484
(Intercept) 0.072
0.268
0.184
0.429

Categorized Question

Fixed Effects
Coef.
Std. t-val.
(Intercept)
0.119 0.130
0.918
Approve
0.240
0.085 2.805
Consider Beneficial
0.259
0.051 5.070
Don’t Value
-0.827 0.402 2.054
-0.743 0.325 2.289
Label Properties♣
♣
-0.457 0.100 -4.580
Label is Needed
say that Not Beneficial
-0.488 0.233 2.091
Support
0.422
0.107 3.925
consider unnatural
-0.358 0.145 2.476
Would Accept
0.184
0.093 1.991
Statement Classific.: Small Organism
-0.258 0.092 -2.803
Degree of Processing: InfoIncomplete
-0.155 0.047 -3.282
Type of GMProduct: GM in Animal
-0.150 0.071 -2.098
CodedTechnology: ”InfoIncomplete”
0.152
0.048 3.199
CodedTechnology: “Vertical transfer”
0.505
0.208 2.425
Benefit: Increase Food Production
-0.337 0.149 -2.264
Benefit: Price reduction
-0.210 0.107 -1.965
Benefit: Extended Shelf Life
-0.445 0.135 -3.309
Consumer Risk HealthDisadvantage
-0.564 0.131 -4.304
Consumer Risk HigherPrice of GM
-1.189 0.365 -3.255
Consumer Risk no info
-0.365 0.110 -3.313
Data Collection Method “WebSurvey” -0.177 0.110 -1.601
LiteratureType Bookchapters
-0.187 0.227 -0.825
LiteratureType Conferencepaper
-0.083 0.173 -0.482
LiteratureType Dissertation
-0.024 0.205 -0.119
LiteratureType Governmental reports
0.149
0.214 0.699
LiteratureType Synthesised report
0.254
0.120 2.107
Literature Type Workingpaper
-0.294 0.174 -1.693
AIC: 4125
logLik: -1995
REML dev.: 3989 R2 : 0.88

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*

Fixed contnd.
Austria
Brazil
Canada
Costa Rica
Croatia
Denmark
France
Ghana
Greece
Hungary
India
Ireland
Italy
Japan
Kenya
Malaysia
Netherlands
Norway
China
Portugal
Romania
Serbia
South Africa
South Korea
Spain
Sweden
Switzerland
Uganda
USA
EU1991
EU1993
EU2010
EU2011
no info

Coef.
-0.467
0.692
0.857
0.371
-1.027
-0.281
0.060
-0.572
-0.471
-0.822
0.502
-0.257
-0.030
-0.414
0.566
0.559
0.643
-0.406
0.498
0.247
-0.637
-0.281
0.295
-0.261
0.570
-0.151
-0.289
1.310
0.212
0.352
0.797
-0.421
-1.031
1.283

Std. t-val.
0.262 -1.782
0.580
1.193
0.260
3.291 *
0.405
0.918
0.603 -1.703
0.106 -2.648 *
0.131 0.461
0.430 -1.328
0.326 -1.444
0.602 -1.365
0.221
2.274 *
0.231 -1.115
0.085 -0.350
0.162 -2.552 *
0.583
0.971
0.260
2.150 *
0.252
2.550 *
0.137 -2.970 *
0.153
3.243 *
0.468
0.528
0.247 -2.583 *
0.620 -0.454
0.260
1.133
0.175 -1.488
0.237
2.400 *
0.631 -0.240
0.395 -0.732
0.327
4.006 *
0.067
3.166 *
0.469
0.751
0.425
1.876
0.445 -0.946
0.858 -1.203
0.603
2.127 *

Note: R2 has been calculated as the squared Pearson rank correlation between actual ( ~
ŷ )
y ) and fitted ( ~
♣
values of the model. Supporters of labeling are showing negative attitude. * Significant at 5% or better.

ii) Evaluation of biotechnology is largely insensitive to the type of food product. Expressed
attitude towards and evaluation of biotechnology in food products is according to our
measure largely insensitive with respect to the type of food product that study subjects have
been evaluating. Exceptions are, as Table A-2 in the appendix A2 shows, food products that
also contain medical features, and so are biotechnologies that are presented in a very general
or incomplete way (Table 3). However, this positive attitude can easily be turned into a
strong negative reaction if respondents are asked to express their attitude about
biotechnologies that directly modify genes of animals. This finding may point to several
important aspects of consumer evaluation of biotechnology in food products: First, consumer
evaluations seem to be sensitive with respect to very fine positive or negative connotations
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that a survey question may contain. Second, consumers may react more positively about a
problem if the question describes it just vaguely. Third, some consumers may, independently
from their evaluation of other biotechnologies, have a strong preference in particular against
the modification of animal genes (note e.g. the debate about the cloned sheep “Dolly”). Forth,
the significance of these coefficients may support the suspicion of Pin and Gutteling (2009),
that this body of socio-economic research might not be independent from the political context
within which it takes place.
iii) Gene modifications and transfers that stay within the same species (vertical) are
generally more appreciated than all other technologies, while not informing consumers about
this is also significant (Table 3).
iv) Stated benefits of biotechnologies in food do not produce any significant positive reaction.
Instead, price discounts, extended shelf life or increased production quantities due to genetic
modifications generate significant negative coefficients on our meta-measure. Several
negative coefficients indicate that price discounts or extended shelf life are features of GMOs
that consumers on average do not seem to appreciate. The strongest negative effect on
attitude however occurs for a genetically modified food product that is more expensive than
its conventional counterpart. Thus, biotechnologies in food products so far seem to be
recognized by consumers as inferior goods relative to related food products without the use of
such technologies. Also, one may question if some biotechnologies in food products are
promoted in the best possible way: Certain attributes may appeal primarily to the food
processing industry, but these attributes are not necessarily appreciated by consumers 3.
v) The evaluation of biotechnology seems to be driven by the perception of certain risks
related to the technology in question.
vi) Surveys that do not include information about potential technological risks at all generate
significantly negative findings of evaluation, while missing information about the potential
benefits of a certain biotechnology appears insignificant (and therefore do not appear in
Table 3 but in appendix A2, Table A-2).
vii) Web surveys generate substantially more negative evaluations of biotechnology than all
other data generating techniques.
viii) Country dummies add only limited explanatory power to the model (this cannot be seen
from Table 3 but is obvious from R2 values of the models in Table A-2 in the appendix). Table
3 shows that especially the European Union and many of its individual member countries
3

We are grateful to an anonymous referee for having suggested this interpretation.
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appear insignificant, while Spain and the Netherlands (Denmark, Romania) exhibit positive
(negative) and significant coefficients. This finding is in stark contrast to the findings of
previous Meta-Analyses (Table 1). However, the suspicion of Pin and Gutteling (2009), that
GMO related research in Europe would be influenced by the overall political discourse on
this topic suggests an explanation for our empirical finding: our analysis controls through
random and fixed effects more narrowly than previous Meta-Analyses for the specific
underlying intonation that a question may carry (see finding i and ii). Therefore, previous
meta studies may have identified an “anti-biotechnology attitude” of European consumers
since they did not fully control for these issues. However, this European effect could
potentially have been ‘built into’ certain surveys through the specific connotation of certain
questions or scale ends. However, our results also show that other OECD countries such as
Japan, Switzerland and Norway indeed reveal significant negative evaluation, while several
developing countries as well as the USA and Canada show significant positive evaluation of
biotechnology in food products.
ix) Reports about joint research projects between academic departments and industry
consortia report more positive measures of consumer evaluation than any other type of
publication.Testing for the potential effect of peer review reveals no significantly different
evaluation reported in grey literature relative to peer-reviewed journal articles, which may
indicate that peer review does not systematically influence the results. However, a significant
positive evaluation is found for synthesized reports, such as they are typically generated out
of joint projects between academic departments and the biotechnology- or food industry.
4.2

Assessing the robustness of selected results

When comparing the results presented in Table 3 against the findings from the previous metaanalyses in Table 1, perhaps the most surprising of our results is the overall low significance
of EU countries or EU country aggregates with respect to their impact on the rescaled mean
response. The reluctance of EU consumers to accept GMO or related biotechnologically
engineered food is a core finding of the three previous meta studies. Therefore, it has to be
assessed if the results of our mixed effects model are robust with respect to the specification
of the model presented in Table 3. In order to assess this robustness, individual random
effects and fixed effects are iteratively dropped from the model in Table 3 and it is assessed,
under which omitted explanatory variables some of the dummies for EU regional aggregates
may turn statistically significant.
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It turns out that dropping in the model underlying Table 3 the random effect for “scale ends”
and the fixed effects regressors that refer to “categorized questions” results in a significant
negative dummy for “EU2010” and a significant positive dummy for “EU1993”. A
qualitatively similar finding on the two EU dummies can be obtained if an ordinary least
squares estimator is employed (as commonly done in other Meta-Analyses) without
explanatory variables that contain information about the “categorized questions”. However,
this finding should not be read such that consumers in the EU would have shifted their
preferences between 1993 and 2010. Instead, it indicates that omitting information about the
specific context of a certain survey e.g. in meta-regressions, may easily produce either
negative or positive findings on country dummies.
4.3

Potential Publication Bias in the literature sample

Even more fundamental than a potential misspecification of the meta regression model is the
question if and to what extend the literature sample may contain a biased selection of studies
and results in the first place. Such a selection bias may occur due to a certain type of studies
not getting published, due to a certain type of findings not having been included in the
literature sample e.g because being unavailable due to location, language, etc., or because
researchers systematically manipulate standard errors of reported outcomes in order to
achieve desired results. A typical method to detect publication bias that may come from any
of these sources is to establish funnel plots that test the null hypothesis that the distribution of
reported standard errors in relation to sample size of the corresponding study is symmetric
and approximately funnel shaped. The underlying hypothesis of this test is that studies based
on larger samples should, everything else equal, reporter specific outcome variable under
smaller standard errors than a similar study based on only a small sample.
Unfortunately, however, this type of test does not apply well to the meta survey presented in
this study, because unique reported outcome measures such as elasticities or willingness to
pay premia are not considered when instead directly re-scaling the primary data sources.
Therefore, potentially reported standard errors on these outcome variables are irrelevant.
About one third of all observations in our sample do also report a corresponding standard
deviation for the reported mean response of a specific survey question. However, the standard
deviation of course captures only how widely answers are dispersed around the reported
mean and should not immediately be related to the size of the sample underlying a specific
study.
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Furthermore, given that the literature search procedure and the corresponding selection
criteria for the studies that enter into our sample has been done according to the previously
described and fully reproducible procedure, we rather turn to an investigation of other
dimensions of potential publication bias in our analysis:
Table 4: Average length of the response scale used for a survey question, minimum,
maximum and midpint
Sub-Sample 4
Non EU min

n

Mean

Sd

Min Max Median

1419 0.879 0.437

-3

1

1

Non EU mid 1419 2.871 1.178

0

10.5

3

Non EU max 1419 4.863 2.168

1

20

5

EU min

625

0.686 0.844

-5

1

1

EU mid

625

3.782 6.612

0

50

3

EU max

625

6.877 13.215

1

100

5

Figure 2: box plot of mean and standard deviation of the variables in table 4

Given the evidence presented by Pin and Gutteling (2009), who claim that social science
research on GMOs is strongly dependent on the political context in which it takes place, and
given the discrepancies between our and previous Meta-Analysis results about the average
attitude of European consumers in this respect, we investigate if the subsample of studies
conducted in EU member countries reveals differences compared to all other studies in our
literature sample. In this respect, it is especially interesting to analyze if studies conducted in
the European Union have on average been using different survey techniques and were asking
different questions than studies conducted in non-EU countries. This hypothesis is also in line
with the interpretation that Pin and Gutteling (2009) gave to their own findings.
4

The EU subsample includes reported results from surveys that reflect the following regions: Austria, Denmark,
Finland, France, Germany, Greece, Hungary, Ireland, Italy, Slovenia, Spain, Sweden, United Kingdom,
EU1991, EU1993, EU2000, EU2001, EU2002, EU2005, EU2010, EU2011.
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Table 4 presents descriptive statistics about the average scale minimum, scale maximum and
scale midpoint that is in use for the average survey question within two subsamples of our
meta data set. These two subsamples have been formed by splitting the data set into a group
of all EU countries and EU country aggregates that appear, and all other countries,
respectively. Figure 2 illustrates the information contained in Table 4 through corresponding
box plots.
Table 4 shows that surveys conducted in EU countries use on average slightly lower
minimum endpoints of their reporting scales in use, and have on average longer scales in use.
For non-EU countries, the average distance between the mean of the three scale points is
about 2 while it is about 3 in EU sample. Furthermore, the scales used in the EU appear with
much wider variance than the scales used in all other countries.
The optimal scale length for different purposes is subject to ongoing research in the area of
psychometrics. Schifferstein (2012) discusses related effects for Labeled Magnitude Scales,
yet without providing a definite conclusion about the potential effect of scale length on type
of responses. Lim (2011) reviews methods and theories about hedonic scaling and argues that
scale length alone might be misinterpreted as a determinant of potential response biases.
Furthermore, such biases would however be more likely the result of the internal
representation of the sensory input in relation to a question, than an actual outcome of the
scale length alone. Hawcroft and Milfont (2010) conducted a Meta-Analysis of studies that
all use variations of the same environmental quality rating scale. They find that respondents
tend to score lower on longer scales with more items, compared to similar questions being
assessed on a six-item scale. Lietz (2009) however summarizes methodological issues for
questionnaire design in marketing and quotes evidence that longer scales tend to have a better
internal validity and might be more appropriate for abstract judgments than shorter scales. In
summary, existing evidence about the role of scale length with respect to a potential response
bias does not allow us to draw definite conclusions about our findings in Table 4: Longer
scales in the EU may or may not have a decreasing effect on respondents’ stated evaluation of
biotechnology in food products. However, the existing psychometric evidence seems to
suggest that such that scale lengths at least have to be viewed in the context of the actual
questions that have been asked.
We have therefore also compared the labeling of scale ends with respect to the two
subsamples and the frequency according to which specific types of questions are posed.
While we do not find the scale ends to differ systematically for the majority of observations
in the Non-EU sample compared to the EU sample, we however identify certain differences
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with respect to the type of question that is most frequently asked in the two subsamples of our
meta dataset; this analysis is presented in Table 5: Table 5 lists the frequencies of the
occurrence of different survey question categories. As explained before, these categories
were established based on a discussion process during which our evaluators all had to agree
on the label of a specific category and if a certain survey question actually belongs to this
category. Table 5 reveals that the second most often type of questions that is asked in the EU
refers to perceived risk about biotechnology in food products (14.4% of all questions in the
EU). In comparison, only 8.2% of the questions posed in all other countries fall into this
category “do you consider GMO’s risky?”. Also, only 4.5% of questions in the EU ask
respondents if they would actually eat such products, while these questions get posed more
than twice as often to respondents in all other countries. In turn, respondents in non-EU
countries face in less than 3.9% of cases a question about their ethical or moral concerns
about biotechnology in food products (taking categories about moral and immoral together),
while almost 6% of all questions in the EU refer to this. Discrepancies can also be identified
for the rather minor category of “consider [biotechnology in food products] unnatural”: 1.9%
of EU respondents faced this question, but only 0.56% of non-EU respondents. It is also
noteworthy that six different question types have according to our literature sample never
been asked in the EU, but were included in surveys conducted in other countries (compare
Table 5).
Table 5: Relative Frequency of Categorized Survey Questions in the Literature Sample
All Other Countries in %
WouldBuy
15.43
ConsiderBeneficial
13.74
WouldEat
9.30
ConsiderRisky
8.17
Approve
7.96
WouldAccept
5.92
ConsiderSafe
5.00
HaveConcern
4.09
ConsiderHarmful
3.24
LabelNeeded
3.24
UnethicalImmoral
3.17
Support
2.68
InFavour
1.83
WouldWorry
1.69
LabelProperties
1.20
ConsiderDangerous
1.13
Optimistic
1.06
ConsiderThreat
0.99
QualityLifeImpact
0.99
Against
0.99

Sub-Sample n=1419
LabelForChoice
AfraidOf
PayForNonGM
EthicalMoral
WouldServeFamily
DontWant
Unnatural
NotBeneficial
NoProbWith
WouldPay
Oppose
ReligiousAcceptance
LabelForSafety
Disapprove
DontValue
WouldChoose
WouldPrefer
SupportSale
WouldGrow

0.99
0.92
0.78
0.70
0.63
0.63
0.56
0.42
0.42
0.42
0.35
0.35
0.28
0.28
0.21
0.07
0.07
0.07
0.00

All EU countriesin %
ConsiderBeneficial 15.68
ConsiderRisky
14.40
WouldBuy
14.40
Support
5.44
WouldEat
4.48
WouldAccept
4.32
Approve
4.16
HaveConcern
4.00
EthicalMoral
3.84
ConsiderSafe
3.84
ConsiderHarmful
3.52
QualityLifeImpact 2.40
Against
2.40
UnethicalImmoral
2.08
Unnatural
1.92
InFavour
1.76
LabelNeeded
1.60
WouldWorry
1.60
DontWant
1.28
AfraidOf
1.12

Sub-Sample n=625
WouldPay
ConsiderDangerous
ConsiderThreat
LabelProperties
LabelForChoice
WouldPrefer
WouldChoose
Oppose
Optimistic
WouldGrow
PayForNonGM
NotBeneficial
NoProbWith
LabelForSafety
Disapprove
ReligiousAcceptance
WouldServeFamily
DontValue
SupportSale

0.80
0.64
0.64
0.64
0.64
0.48
0.32
0.32
0.32
0.32
0.32
0.16
0.16
0.00
0.00
0.00
0.00
0.00
0.00

Source: Own.

In summary, we interpret these findings as evidence for the fact that publications in our
literature sample differ between surveys taken in the EU versus non-EU countries with
respect to the frequency according to which certain questions are posed, and according to the
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length of the response scales. However, we fail to find evidence in the psychometric literature
that would suggest a definite interpretation of the role of scale length in this respect.
We also investigate a further dimension of potential biases introduced by the selection of
studies in the literature sample: We investigate if a subsample formed by all those studies
within our sample that had been included also in at least one previous Meta-Analysis in Table
1 may perform differently with respect to the rescaled mean responses:
Table 6: Descriptive statistics of the rescaled mean
Variable Name

Number Rescaled Mean Sd. Min. Max. Median
~
y
of obs.

Study was part of a previous Meta-Analysis:

194

-0.17

0.78 -1.64 2.09 -0.245

Entire Sample:

2044

-0.03

0.82 -2.41 2.49 -0.055

Table 6 presents descriptive statistics about these two subsamples. Of course this comparison
must be viewed under the caveat that previous Meta-Analyses were focusing on different
outcome variables, and not all of the studies included in those papers could be included in our
literature sample, given that not all of them report descriptive statistics about mean responses
on individual survey questions.
Nevertheless, Table 6 indicates that a subsample of our data, consisting of 194 questions
posed to consumers about their evaluation of biotechnology in food products, has been
entering the willingness to pay and willingness to accept analyses that were investigated by
the studies in Table 1. For this subsample in Table 6 we find a substantially lower rescaled
mean response ~y than for our entire sample. One explanation for this finding can be that
previous meta studies have selected their included literature based on the reported outcome
(e.g. WTP), and not so much based on the initial questions that were underlying a certain
survey. Based on the evidence in Table 6, we cannot rule out that literature samples that were
used for the previous Meta-Analyses in Table 1 may happen to include on average more
negative mean responses than our larger sample. It is beyond the scope of the analysis
presented in this article to determine the potential causes of such a potential bias in the
literature selection of previous Meta-Analyses. However, given that reported mean responses
were on average much more ‘pessimistic’ in their evaluation of biotechnology in food
products, one may have to consider that this could also have induced a downward bias of the
WTP and related measures underlying the three analyses in Table1.
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5. Discussion and Conclusion
On the assumption that all survey questions in our dataset captured a common aspect of an
underlying psychological factor ‘product evaluation’, our objective was to identify how
differences in the rescaled mean response rate (=our empirical representation of ‘evaluation’)
could be explained by food product characteristics and the related biotechnologies in
question, but also by informational context provided during a survey. Our findings are in this
respect in line with the results from previous Meta-Analyses: the way how consumers are
interviewed about their attitude and evaluation of various biotechnologies in food products
largely determines their answer.
However, while previous Meta-Analyses rather shed light on methodological differences
between studies, the present analysis has put emphasis on the specific positive or negative
connotation of each single question (modeled as random effects), and the degree to which
additional information about the type of food product and the type of technology has been
provided. The large contribution of this random effect to the overall explanatory power of the
model indicates that seemingly small differences in the wording of a specific survey question
in combination with the label of the endpoints of related numerical scales on which
respondents express their opinion can induce potentially important differences in the type of
answers.
We have furthermore tried to identify if and to what extent regional disparities regarding
consumer attitudes towards biotechnology in food products exist. Surprisingly, the present
study does not confirm earlier findings about a general aversion of European consumers
against biotechnology in food products. While most EU aggregates remain insignificant, the
breakdown into EU member countries reveals that especially in the largest countries no
significantly different effect from the average country included in the literature sample can be
determined. In addition, the small number of significantly negative country effects within the
EU is met by an equal number of significant positive effects from other EU member
countries. We therefore conclude that after controlling for the specific type how a survey
question has been asked and how the endpoints of the corresponding answering scales have
been framed, no substantial evidence could be found to sustain the claim that European
consumers in general would be more reluctant to accept biotechnology in food products than
the sample average. Results from our robustness check rather indicate that variables about the
specific type of question that has been asked in a survey are likely correlated with the
corresponding country dummies, and omitting these explanatory variables may statistically
exaggerate certain country effects. Therefore, we cannot rule out that the three previous meta21

analyses were in this respect, relative to our results, suffering partly from omitted variable
bias.
We interpret this finding similar to Pin and Gutteling (2009), who suggest that social science
research always remains tied to its socioeconomic context or, in other words, we suspect that
the public discourse and the strong opinion expressed by some European policymakers over
the past years against biotechnology has led more researchers in Europe than in other regions
to ask survey questions that bear a biotechnology-critical tendency. Indeed, our investigation
of potential biases in the literature samples of EU versus non-EU countries also confirms this
finding: EU based surveys have much more often been asking about the riskiness and moral
or ethical implications of biotechnology in food products than studies in other countries.
However, the significant positive effects that we find for other counties such as the USA
clearly shows that an independent country effect very well seems to exist.
The underlying research question of this article has been to determine from a representative
sample of the socioeconomic literature on consumers’ evaluation of biotechnology in food
products which group of consumers would likely accept what type of biotechnology in which
food product. In this respect, our findings do support the view that humans tend to be more
afraid of uncertain risks and hazards than being optimistic about uncertain future benefits.
While some proponents of biotechnology in food products frequently claim that the benefits
of specific technologies have only insufficiently been communicated to consumers, our
results indicate that working on convincing and transparent risk control mechanisms is a
more promising way to win public support for a certain biotechnology. Alternatively,
scientists could focus on the development of food products that appear more easily
controllable (e.g. enzymes that stay in laboratories) rather than technologies that many
consumers would perceive as drastically “against nature”, e.g. animal genes into plants or
GM of farm animals.
In addition, out of all potential benefits that have been assessed by the literature in our
sample, it turns out that conventional advantages such as price or taste improvements are not
appreciated; food products with medical features added through biotechnologies appeared
instead to be the most promising direction for future research and engineering.
In closing we emphasize that our results would potentially be even more precise and more
useful for microbiologists, food scientists and other researchers outside the social sciences if
the studies included in our literature sample would have been conducted according to a
common standard regarding the information that has to be reported about empirical research
in this area, and if a common set of terminology would have been adopted. Finally, our
22

finding that collaborations of academic departments with industry trusts seem to generate
significantly higher evaluation outcomes than all other publication types should give rise to
concerns.
We conclude that even though social science researchers have actively addressed consumers’
evaluation of biotechnology in food products through a large volume of published papers,
responsible stakeholders in professional organizations, editorial boards and funding
institutions could perhaps in future make this research even more efficient and beneficial for
society by aligning it to a comprehensive, joint and interdisciplinary research strategy.
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Appendix
A1- The literature sample used for the estimation of the meta regression model (equation 2):
https://docs.google.com/file/d/0BzyG4seDILXsalEwUm5OUjQybHM/edit?usp=sharing
A2- Description of all explanatory variable categories and additional meta regression results:
https://docs.google.com/file/d/0BzyG4seDILXsUkcta0tYeDBTZlk/edit?usp=sharing
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