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1. Introduction 

Genetically modified foods have gone through troubled times in Europe. First they 

were hailed as a triumph of modern science, then abandoned as a threat to consumer 

health and the environment, now resurrected and about to enter European food markets. 

During the twenty years in which favors have been shifting this way, decision-makers 

have come to realize that consumers will have the final word over the success or failure 

of these foods. At the time of writing (May 2004), the five-year moratorium on the 

marketing of GM foods in Europe has just been lifted. With the roads re-opened, the 

aim of the research presented here is to show how European consumers can be con-

vinced that these foods are acceptable products. To set the stage, we will start with a 

short history of the GM-foods debate in Europe. After this, we will identify the re-

search problem and characterize the paradigmatic orientation of the research to be 

presented. The introductory chapter will conclude with an outline of the research that 

will be presented.  

1.1. The GM Foods Debate in the EU 

The debate on the introduction of genetically modified foods in Europe has a long 

and complex history. The debate has been led on multiple levels, including diverse 

frames of reference such as freedom of research, environmental risk, food safety, con-

sumer protection, bioethics, economic policy, and international trade. The frames of 

reference have shifted over the years in terms of the degree to which they dominated 

the debate. In the following, we will try to trace the events in broad terms. The cover-

age cannot be complete here, of course. The history of the GM debate deserves atten-

tion in its own right, and a number of colleagues have devoted considerable effort to 

this task. The early years of the debate, for example, are covered in depth by Busch, 

Lacy, Burkhardt and Lacy (1991), Cavalieri (1985), and Krimsky (1991).  
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In the 1970s and 1980s, the debate was very much led among scientists them-

selves, with little divergence between Europe and the US. This changed noticeably in 

the 1990s, when different regulatory frameworks emerged that caused a major transat-

lantic divide. The events of these years have been studied in depth by Torgersen, Ham-

pel, Bergmann-Winberg, Bridgeman, Durant et al. (2002), Joly and Assouline (2001), 

and Levidow, Carr and Wield (2000). The debate since 2000 has not been the subject 

of an in-depth historical analysis yet. A preliminary overview can be found in 

ENTRANSFOOD Network (in press).We will base our summary of the key events on 

the texts cited above, supplemented by a number of analyses of the events in specific 

EU member states.  

1.1.1. Phase 1 (1973-1980): Science and Self-regulation 

Gene technology (or recombinant DNA technology, as it was called at the time) 

was born in 1973, when a US laboratory first managed the in vitro transfer of a gene 

from one species to another. Although this was a scientific sensation and caused much 

euphoria around the world, it also prompted concern among scientists about possible 

dangers (Krimsky, 1991). In 1974, the geneticist Paul Berg and a number of colleagues 

published a letter to the editor in Science, calling for a moratorium on the use of the 

new technique until potential biohazards had been evaluated (Berg et al., 1974). A year 

later, in 1975, the scientists lifted the self-imposed moratorium again at the famous 

Asilomar Conference, concluding that the technology did not pose any inherent dangers 

that were beyond conventional risk assessment procedures. In 1976, the US National 

Institutes of Health issued technical guidelines for laboratory safety that were adopted 

in similar forms throughout the world. In most EU countries, such guidelines for labo-

ratory safety were adopted on a self-regulatory basis, following best practice in scien-

tific risk assessment. Only Sweden and the UK introduced actual regulation at the time 

(both in 1978; see Torgersen et al., 2002; Levidow & Carr, 2000).  
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1.1.2. Phase 2 (1980-1990): Commercialization of the Technology 

In the 1980s, the technology began to yield industrial applications on a massive 

scale (Cavalieri, 1985; Busch et al., 1995). It was heavily adopted throughout the phar-

maceutical industry, followed by certain branches of the industrial chemicals industry, 

including the production of enzymes, vitamins and other food additives for use in food 

processing. The industrial-scale production of chymosin (an enzyme used in cheese 

fermentation) by means of genetically modified microorganisms was the first applica-

tion that received major attention in the food industry. Arguably, cheese produced with 

the help of such chymosin was the first consumer product that would nowadays be seen 

as a GM food. Whilst these were contained-use applications and did not generate much 

public concern, the first deliberate release of a genetically modified organism (GMO) 

into the environment in 1986 prompted widespread attention. After years of litigation, 

the US company Advanced Genetic Science released the first transgenic microorgan-

ism into the environment (a microbe resistant to low temperatures). Apocalyptic im-

agery went through the media, showing scientists in protective clothing that looked like 

space suits. These events prompted a shift in the public debate, both in terms of the 

actors involved and in terms of the frames of reference of the debate (Galloux, 

Mortensen, de Cheveigne, Allansdottir, Chatjouli & Sakellaris, 2002; Torgersen et al., 

2002).  

Non-governmental organizations took up the issue and introduced other perspec-

tives into the debate. Whilst the discussion had until then mainly been led in terms of 

laboratory safety, a shift occurred towards new issues such as environmental risk and 

bioethics, where science-based risk assessment and value judgments had no clear 

boundaries any more (Krimsky, 1991; Nielsen, Jelsøe, & Öhmann, 2002; Renn, 1998b). 

A number of the new actors also demanded a shift in the paradigmatic orientation of 

risk assessment and management: absence of risks should be proved, and uncertainty in 

risk assessment should be accounted for through application of the precautionary prin-

ciple (Levidow et al., 2000).  

The response by governments was a somewhat two-sided strategy (Bauer & Gas-

kell, 2002). Countries with large chemical and pharmaceutical industries had already 

identified biotechnology as a strategic research area. These countries sought to take up 
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public concerns, although in a way that would not hinder further growth of the strategi-

cally important industries. Usually, this took the form of technology assessment exer-

cises that focused on socio-economic consequences such as potential changes in indus-

try and labor market structure, but also on public opinion. These early technology 

assessments were the birth of consumer attitudes towards GM foods as a research field 

(e.g., Borre, 1989; Hamstra & Feenstra, 1989; see Chapter 2). 

Besides, the debate became more institutionalized. The styles differed somewhat 

between EU member states. France, Germany and the UK set up expert advisory com-

mittees (Roy & Joly, 2000; Dreyer & Gill, 2000; Levidow & Carr, 2000), whilst Swe-

den and the Netherlands established stakeholder fora (Togersen et al., 2002) and Den-

mark held a consensus conference (Einsiedel, Jelsøe & Breck, 2001; Klüver, 1995; 

Toft, 2000). Emerging from these consultations, the first national regulations emerged 

that approached gene technology horizontally (e.g., the genetic engineering laws of 

Denmark, 1986, and Germany, 1990). In other EU member states, relatively little hap-

pened at the time, possibly because these countries did not possess significant indus-

tries with a strong stake in biotechnology (Motherway, 2000; Todt & Lujan, 2000; 

Torgersen et al., 2002; Torgersen & Seifert, 2000). 

1.1.3. Phase 3 (1990-1999): Failing Attempts at European Harmonization 

The emergence of diverse national efforts at regulation prompted activity on inter-

governmental and EU levels. The OECD as well as the European Parliament and the 

European Commission sought to safeguard the emerging biotechnology industries 

against a revival of national barriers that would hinder the development of the common 

European market. After initial skepticism, industrial lobbies joined the effort in order to 

protect their members from complicated cross-national litigation risks (Torgersen et al., 

2002; Levidow et al., 2000; Joly & Assouline, 2001). The result was Directive 

90/220/EEC on the deliberate release and placing on the market of GMOs. The direc-

tive, administered by the European Commission’s Directorate General for the Envi-

ronment, applied to the deliberate release of all live GMOs regardless of their field of 

application (with live vaccines exempted).  
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The regulation was generally received in terms of a lowest-common-denominator 

solution that did not really solve the conflicts between governments, industry and 

NGOs. In the word of Torgersen et al. (2002, p. 49), it “acknowledged the dual nature 

of the biotechnology problem – technical as well as a matter of public perception – 

without openly addressing issues beyond risk that could not be dealt with by scientific 

experts. This artistic and delicate balancing act attempted to bridge a gap between the 

different regulatory styles and public attitudes in various European countries, in order 

to provide a unifying framework for future technological innovations. Since the stakes 

were set so high, it was no wonder that difficulties later arose.” The regulation had the 

scope of granting EU-wide approval for commercialization and marketing of products, 

but delegated responsibility for small, experimental releases of GMOs to national 

regulatory framework and was followed up by an additional regulation on the contained 

use of GMOs.  

Implementation into national regulation was substantially delayed in a number of 

countries, caused by inter-departmental conflicts within governments (e.g., Torgersen 

& Seifert, 2000) as well as conflict between governments and important stakeholders. 

Denmark and Germany, for example, had to relax their existing regulations in order to 

accommodate the EU directives, whereas other countries such as France had to tighten 

regimes which had until then been based on voluntary codes of practice (Torgersen et 

al., 2002). The directives prompted transatlantic repercussions too; the US interpreted 

the horizontal, process-based EU regulations as barely disguised attempts at protection-

ism because they deviated in their legal principles from the vertical, sector-specific 

regulation in the US.  

The public debate remained relatively calm in the following years. 1996 saw the 

launch of the first genetically modified food product in Europe that was explicitly 

labeled. This was a puree from genetically modified tomatoes which Sainsbury’s and 

Safeway introduced in the UK market in a joint venture. Sainsbury’s and Safeway had 

embarked on an extensive promotion campaign prior to the product launch in February 

1996, distributing information leaflets and product samples among opinion leaders. A 

public information program by the Institute of Grocery Distribution accompanied the 

pre-launch and launch activities. The product was sold approximately 10 per cent 
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below the average market price. Although the public remained calm, experiences were 

rather mixed – market shares increased quickly, but declined rapidly after the promo-

tion activities had been stopped. The product was taken off the market after a relatively 

short period. 

In the meantime, potential for conflict was building up elsewhere. The BSE scan-

dal in the UK and the successful cloning of the sheep “Dolly” had prompted another 

shift in the frames of reference in which the debate was conducted between European 

governments, the food industry and other stakeholders. Food safety and bioethics began 

to figure largely on public agendas. At the same time, the cultivation of GM crops in 

the US had expanded on a massive scale. The situation escalated in November 1996 

when the first shipments of that year’s soybean harvest arrived in European harbors. 

Monsanto’s genetically modified Roundup Ready variety was mixed up in these ship-

ments with conventional soybeans, but this fact had not been indicated to trading part-

ners in Europe. Monsanto’s strategy was widely interpreted as an attempt to “create a 

fait accompli” for selling Roundup Ready soybeans in Europe (Torgersen et al., 2002, 

p. 63). However, the ploy was discovered quickly and made public. NGOs showcased 

the incident, prompting widespread media attention and public outcry (Lassen et al., 

2002). Retailers, in particular, were worried that their customers might distrust any 

consumer product that might contain (unlabelled) genetically modified soybeans or 

their derivatives.  

The incident brought the labeling issue to the center of the discussion (Frewer, 

Lassen, Kettlitz, Scholderer, Beekman & Berdal, 2004). The European Commission 

was under pressure to finalize the novel foods regulation that had been in the pipeline 

since 1992. A hot debate ensued on the EU level, where the European Parliament de-

manded much stricter regulation than the Council of Europe and the European Com-

mission, as well as between European Commission and national governments, who 

differed markedly in their proposals concerning what should be labeled and how the 

labeling should be carried out (Levidow & Carr, 2000; Lassen et al., 2002). Food 

manufacturers and retailers, on the other hand, almost panicked at the prospect that 

their products might have to carry a “genetically modified” label on the package.  
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Much effort was devoted to finding the best possible way to communicate the fact 

to consumers that a product or one of its ingredients had been genetically modified, and 

at the same time to convince them that these were still perfectly acceptable products. 

Some stakeholders assumed that consumers had to be “educated” about the nature of 

modern biotechnology, others thought they should merely be informed about the char-

acteristics of particular products, others again thought consumers should be actively 

persuaded that gene technology had enormous benefits to offer, and that genetically 

modified food products would carry these benefits as well (Scholderer & Balderjahn, 

1999; Scholderer, Balderjahn & Will, 1998; Scholderer, Balderjahn, Bredahl & 

Grunert, 1999). Much of the consumer research conducted in the late 1990s was 

prompted by the need to find an appropriate strategy (see Chapter 2). At the time, the 

aim was not accomplished though, and the accelerating pace of events that led up to the 

moratorium prevented that any of the suggested strategies could be implemented in the 

real world.  

Regulation 258/97 concerning novel foods and novel food ingredients was passed 

by the European Parliament and the Council in January 1997, making the labeling of 

novel foods compulsory in the EU, including genetically modified soy and maize, 

which had already been approved for marketing in the EU a number of years before. 

However, the regulation was implemented into national law only with considerable 

delay. In Germany, for example, it entered into force on 1 September 1998. On that 

very day, Nestlé re-launched their US brand “Butterfinger” in Germany as a test case, 

probing the responses that a clearly labeled GM food would evoke in the public. Origi-

nally, the Butterfinger launch had been planned to be coordinated with the launch of 

similar GM products by two other large food manufacturers (Dirk-Arie Toet, former 

biotechnology coordinator at Nestlé, personal communication, 2002). These withdrew 

in the last moment, causing the Butterfinger to be the only product in the market at the 

time that was labeled as a GM food. 

The stakeholder reactions were colossal. The environmental group Greenpeace 

immediately started systematic picketing of supermarket outlets that sold the Butter-

finger. The protest campaign was enacted simultaneously in a number of larger German 

cities. In the course of that week, most European retail chains issued declarations to the 
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effect that they would not sell GM foods before the safety of the foods had been en-

sured, and even then only if there were a clear message from consumers that they really 

wanted these foods. A number of large food manufacturers issued similar non-GM 

policies, effectively blocking the commercialization of all GM foods for the time being.  

Shortly before and after that event, two other incidents had sparked the attention of 

media and stakeholders. In August 1998, the scientist Arpad Pusztai of the Rowett 

Research Institute in Aberdeen had issued a press release claiming that feeding studies 

with rats in his laboratory had proved the increased toxicity of genetically modified 

potatoes. The results immediately became front-page news in the international media 

until it turned out that publication had been premature and the data did not actually 

support that conclusion. Pusztai was immediately suspended by the Rowett Research 

Institute and a committee was set up to investigate the possibility of fraudulent re-

search. 

The final trigger event was the publication of a research report in Nature in May 

1999 in which US scientists reported data that suggested that pollen from GM crops 

might be toxic to larvae of the Monarch butterfly, thus posing a threat to biodiversity. 

The piece immediately became front-page news again and caused a heated argument 

within as well as between the different stakeholder groups. In June 1999, five EU 

member states (Denmark, France, Greece, Italy, and Luxembourg) declared that “in 

accordance with the precautionary principle, new marketing authorizations shall be 

suspended” (ENTRANSFOOD Network, in press, p. 25). The declaration called for the 

adoption of a more rigorous and transparent regulatory framework that, among other 

improvements, should set out provisions for monitoring requirements of transgenic 

crops. The consequence, although not officially declared, was a de-facto moratorium on 

the commercial cultivation of transgenic crops in the EU. Since then, no approvals for 

marketing of GM foods were granted in the EU until the final lifting of the moratorium 

in May 2004. 
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1.1.4. Phase 4 (1999-2004): The Years of the Moratorium 

During the years of the moratorium, the debate was conducted in a relatively quiet 

manner for most of the time. Following the announcement of the quasi-moratorium by 

five member states (see above), the European Commission began a huge stakeholder 

dialogue to ensure the formulation of a coherent biotechnology strategy 

(ENTRANSFOOD Network, in press). Based on this consultation, a set of legal in-

struments was then developed to replace the much-contested Directive 90/220/EEC on 

the deliberate release and placing on the market of GMOs. The legislation includes the 

following instruments: 

 
• Environmental release is now regulated under Directive 2001/18/EC on the deliber-

ate release into the environment of GMOs and repealing Council Directive 

90/220/EEC. 

• GM food and feed are regulated under Regulation (EC) No 1829/2003 on GM food 

and feed. 

• Contained use of GM microorganisms is regulated under Council Directive 

90/219/EEC on the contained use of GM microorganisms and Council Directive 

98/81/EC amending Directive 90/219/EEC on the contained use of GM microor-

ganisms. 

• Labeling of GM food and feed is regulated under a host of different instruments, 

including Council Regulation (EC) No 1139/98 concerning the compulsory indica-

tion of the labelling of certain foodstuffs produced from GMOs of particulars other 

than those provided for in Directive 79/112/EEC, Commission Regulation (EC) No 

49/2000 amending Council Regulation (EC) No 1139/98 concerning the compul-

sory indication on the labelling of certain foodstuffs produced from GMOs of par-

ticulars other than those provided for in Directive 79/112/EEC, Commission Regu-

lation (EC) No 50/2000 on the labelling of foodstuffs and food ingredients contain-

ing additives and flavourings that have been genetically modified or have been pro-

duced from GMOs, Regulation (EC) No 1830/2003 concerning the traceability and 

labelling of GMOs and the traceability of food and feed products produced from 
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GMOs and amending Directive 2001/18/EC (see ENTRANSFOOD Network, in 

press, p. 27). 

 
Despite continued resistance from some of the member states who had declared the 

quasi-moratorium, Regulations (EC) 1829/2003 on genetically modified food and feed 

and 1830/2003 concerning their traceability and labeling entered into force on April 19, 

2004. Finally, on 19 May 2004 the European Commission approved the import and 

marketing of a type of genetically modified sweet corn, thus ending the moratorium.  

1.2. The Unresolved Problem  

During the years of the moratorium, the commercial stakeholders in the debate – 

agribusiness companies, food manufacturers, and retailers – have made little effort to 

prepare themselves for the marketing of actual GM products to European consumers. 

Considerable research was conducted in the1990s, when the moratorium was not yet an 

issue. However, as we will argue in Chapter 3, this research has not solved the funda-

mental problem: 

 
• Given that we know that consumers have critical attitudes towards gene technology, 

how can we convince them that products resulting from an application of the tech-

nology will still be acceptable foods?  

 
Arguably, the situation in 2004 is very much the same as in 1998, immediately be-

fore the moratorium. Then as now, new regulation had just been introduced that was 

expected to solve conflicts on the stakeholder level, finally opening the road to con-

sumer markets. Back then, all expectations came to nothing in the end. After a break of 

half a decade, the same challenges are posed again. The work presented here under-

stands itself as a constructive contribution to the issue, trying to find a way in which 

renewed failure in the commercialization of GM foods can be prevented.  
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1.3. Paradigmatic Orientation of the Research 

The research reported in the following is consumer research. As a discipline, con-

sumer research is relatively young and interdisciplinary in nature. Consumer research-

ers, in particular in the food area, tend to have highly heterogeneous backgrounds such 

as social psychology, perceptual psychophysiology, economics, marketing science, 

nutrition, sociology, and even cultural studies. Paradigms have slowly been evolving 

though. In their review of paradigmatic orientations in consumer research, Simonson, 

Carmon, Dhar, Drolet and Nowlis (2001) identify three schools of thought: behavioral 

decision theory, social cognition, and the postmodern approach.  

The present research understand itself as social cognition research, applying theo-

ries and methodologies developed in cognitive and social psychology to social prob-

lems (Fiske & Taylor, 1991; Kunda, 1999). The central concept in our research will be 

the concept of attitude. For the time being, we shall define an attitude in a relatively 

broad manner as “a psychological tendency that is expressed by evaluating a particular 

entity with some degree of favor or disfavor” (Eagly & Chaiken, 1993, p. 1). A broad 

working definition will help organize existing research on consumer attitudes to GM 

foods, where confusion is often caused by the synonymous use of terms like “atti-

tudes”, “beliefs”, “opinions”, “public perceptions”, “public concerns”, “risk percep-

tion”, “trust”, and so on. In terms of the above working definition, these concepts will 

all be understood as special cases of attitudes.  

Our methodology will be an undogmatix mix. We will present qualitative research 

in those contexts where the content aspects of consumer attitudes are the object of 

inquiry. Survey research will be presented when static aspects of attitudes are to be 

investigated. Experimental research will be presented when dynamic aspects of atti-

tudes are to be examined.  

1.4. Structure 

We will begin with a review of existing research. Chapter 2 will discuss previous 

research that has been conducted on consumer attitudes towards GM foods in Europe. 
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In the end of that chapter, we will identify a number of points where existing evidence 

converges, and a number of questions that remain unresolved. The unresolved ques-

tions will then be re-framed in theoretical terms in Chapter 3. In Chapter 4, we will 

narrow this down to a number of distinct research questions. Chapter 5 will develop the 

methodology required for their empirical investigation. In the following three chapters, 

empirical research will be presented. In particular, Chapter 6 will provide a compre-

hensive assessment of the structure and function of consumer attitudes towards GM 

foods. Chapter 7 will investigate how consumers resist persuasive communication, and 

Chapter 8 will investigate the effects which actual product experience has on consum-

ers’ attitudes. Chapter 9 will present conclusions from the research and outline its 

implications, trying to answer the question posed above: given that we know that con-

sumers have critical attitudes towards gene technology, how can we convince them that 

products resulting from an application of the technology will still be acceptable foods? 

  



 

2. Previous Research on Consumer Attitudes towards 

Genetically Modified Foods 

2.1. Overview 

Consumer attitudes towards GM foods are a relatively new field of social-scientific 

inquiry. Historically, the roots of the field can be traced back to a series of technology 

assessments that were begun in the late 1980s (Bauer, 1995; Hamstra, 1992, 1998). In 

those years, it had become apparent that the emerging field of modern biotechnologies 

would have wide-ranging impact on the operation of several industry sectors, including 

agriculture, food manufacturing, and food processing (Busch, Lacy, Burkhardt, & 

Lacy, 1991; Cavalieri, 1985; Krimsky, 1991). In several EU member states, govern-

mental bodies commissioned social-scientific research in order to help them formulate 

coherent public policy towards these technologies.  

In Germany, the Office of Technology Assessment at the German Parliament be-

gan monitoring public opinion about modern biotechnology as early as 1985 (Büro für 

Technikfolgen-Abschätzung beim Deutschen Bundestag, 1993). The Dutch Ministry of 

Education and Science started in the same year with a number of small-scale qualitative 

studies (Ministerie van O&W, 1985), whilst the Ministry of Agriculture commissioned 

its first consumer survey in 1988 (Hamstra & Feenstra, 1989). Denmark began in 1987, 

when the Board of Technology commissioned a panel survey on behalf of the Danish 

Parliament (Borre, 1989, 1990).  

In the UK, these political processes started substantially later. In 1991, the UK De-

partment of Trade and Industry commissioned a first research project on “The release 

of GMOs: Public attitudes and understanding” (Martin & Tait, 1992). None of the 

remaining EU member states undertook comparable technology assessment exercises 
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before 1998. The European Commission, on a supra-national level, started the Special 

Eurobarometer series on “Europeans and Modern Biotechnology” in 1991 (for a de-

tailed discussion of the results, see below). Since these early days, research has diversi-

fied remarkably. Altogether, six different types of research can be distinguished. These 

differ in the primary objects of their inquiry and are associated with distinct method-

ologies (for other classifications, see Frewer, Lassen, Kettlitz, Scholderer, Beekman, & 

Berdal, in press; Hamstra, 2000; Hansen, Holm, Frewer, Robinson, & Sandøe, 2003).  

The first two types of research, public opinion surveys and comparative risk per-

ception studies, tend to focus on attitudes towards GM foods as a technology. In other 

words, the attitude object about which consumers are questioned is the process of 

genetically modifying plants, microorganisms, or animals for use in agriculture or food 

processing. The methodology differs between the two types: whilst public opinion 

surveys aim to gauge the absolute level of attitudes within the general public, mainly 

using descriptive univariate techniques, comparative risk perception studies try to 

identify the relative position of the technology within a larger set of other technologies, 

using descriptive multivariate techniques, in particular perceptual mapping methods. 

Both types of research do not take individual differences into account, and both types 

tend to ignore the systems of beliefs with which the overall attitudes are associated (for 

detailed methodological reflections, see Bauer, Petkova & Doyadjjewa, 2000; Gaskell, 

2001; Fischhoff, 1995; Slovic, 1992, 2000). 

The third type of research tries to compensate for this blind spot, investigating the 

contents of consumers’ belief systems. The object of this research is to qualitatively 

describe systems of beliefs with which the technology is associated in consumers’ 

thinking, reasoning, and conscious experience. The methodology is qualitative, using 

in-depth interviewing techniques in data collection, and content analysis in data proc-

essing. Often, these studies are part of larger research programs, providing content-

valid input to the development of measurement instruments, which are then used in one 

of the other types of research (Einsiedel, 2000; Frewer, Howard, Hedderley, & Shep-

herd, 1998; Hansen et al., 2003).  

The fourth type of research comprises models of attitude structure. The aim is to 

develop quantitative models of the relationship between beliefs and other beliefs, be-
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tween beliefs and attitudes, and furthermore, to relate these to other attitudes as well as 

behavioral intentions and behaviors. The methodology in these studies tends to be 

quantitative, using survey questionnaires in data collection, and regression analysis, 

path analysis, or structural equation modeling in data processing.  

Closely related to this is the fifth type of research, attitude change studies. These 

studies focus on the dynamics of attitudes, in particular on whether they can be 

changed by means of persuasive communication. The methodology is experimental, 

using consumer information with manipulated message or source characteristics as 

stimulus materials, questionnaire items as attitude measures, and in some instances, 

think-aloud protocols as process-monitoring measures. Of the six types of research on 

consumer attitudes to GM foods which are distinguished here, these two types are the 

only ones with “academic” ambitions: they try to develop and test hypotheses involving 

theoretical constructs and their relationships, whilst all other approaches merely aim to 

measure and describe (also see Bredahl, Grunert & Frewer, 1998; Frewer et al., in 

press; Peters, 2000; Sjöberg, 1998; Urban & Hoban, 1997). 

Finally, the sixth type of research aims to predict product choice. The object of in-

quiry in these studies is to measure the extent to which consumer choices among com-

peting products are influenced by the fact that a product contains genetically modified 

ingredients or was produced with the help of gene technology. The methodology is 

experimental. For data collection, factorial designs of several product attributes (only 

one of which is the GM attribute) are used to generate realistic product concepts that 

function as stimuli, which respondents are then asked to rank or rate. Conjoint analysis 

is used in data processing to estimate the relative influence of the GM attribute (e.g., 

Frewer, Howard, Hedderley, & Shepherd, 1997).  

In the following, previous research will be reviewed, grouped according to the six 

types of research on consumer attitudes towards GM foods that were identified above. 

A number of the studies aimed to accomplish multiple objectives, for example to pro-

vide benchmarks of public opinion and to investigate attitude structure. In such cases, 

the respective studies will be discussed under more than one type of research. The 

literature review does not attempt to be exhaustive. Rather, studies were selected on the 

basis of the following criteria: first, the studies had to deal with consumer attitudes 
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towards GM foods. Therefore, all research dealing exclusively with biomedical appli-

cations or environmental biotechnology was excluded. Second, the consumers partici-

pating in the studies had to be Europeans.  

Although most research on consumer attitudes towards GM foods has indeed been 

conducted within the EU, this is a criterion of utmost importance because, unlike 

American, Canadian, Brazilian or Singaporean consumers, Europeans do not have a 

history of experience with tangible GM products (Gaskell, Bauer, Durant & Allum, 

1999; Hoban, 2003; Zechendorf, 1998). Third, studies with insufficient documentation 

of research methods were discarded. Most public opinion surveys were screened out for 

this reason. Finally, studies with highly inconclusive results (e.g., where only fourth-

order interactions were significant), serious errors in the processing of data, or with 

miniature samples were only considered to the degree that their results could be judged 

highly original.  

2.2. Public Opinion Surveys 

Numerous “opinion poll”-like surveys have been conducted on national and cross-

national levels, using a variety of different example applications, question formats, and 

response formats. Zechendorf (1994) and Hamstra (1998) undertook attempts to pro-

vide overviews of public opinion surveys on biotechnology. Still, it is impossible to 

fully integrate these studies, especially because documentation of the survey methodol-

ogy used in these studies is usually lacking.  

Within the EU, the most inclusive and best-documented opinion survey is the Spe-

cial Eurobarometer series on “Europeans and Modern Biotechnology”, supplementing 

in three-year intervals the Standard Eurobarometer, which is the official public opinion 

instrument of the European Commission. Like all public opinion instruments, the Euro-

barometer attempts to gauge the overall level of attitudes towards a group of issues in 

the general public. For a variety of reasons, the validity of such measurements can 

never be fully ascertained. Even minor changes in the wording of attitude items, the 

selection of response scale labels, or the order and thematic context of the questions 
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can lead to relatively large changes in the level of reported attitudes towards the issue 

at hand (Schwarz & Sudman, 1996).  

The Eurobarometer is no exception to this; however, it uses the same question and 

response format to measure attitudes towards a variety of different biotechnology ap-

plications, and it maintains a core of attitude items over time. Hence, comparisons of 

attitudes towards different applications and over time become possible. The cross-

cultural validity of the instrument (see below, Section 5.4) is still unknown. Therefore, 

statistics derived from aggregation over the different national sub-samples within the 

Eurobarometer survey should be interpreted with a certain degree of caution. 

2.2.1. Attitudes towards Different Types of GM Foods 

Five special Eurobarometers have been conducted in the last two decades to gauge 

the overall level of consumer attitudes towards biotechnology in the EU (Eurobarome-

ters 35.1 in 1991, 39.1 in 1993, 46.1 in 1996, 52.1 in 1999, and 58.0 in 2002; INRA 

Europe, 1992, 1993; European Commission, 1997; INRA Europe, 2000; Gaskell, 

Allum & Stares, 2003). The latest survey, Eurobarometer 58.0, asked approximately 

16,000 EU consumers to indicate their attitudes towards different types of GM applica-

tions.  

In addition to a number of biomedical applications such as prenatal genetic testing, 

cloning of human stem cells and xeno-transplantation, these types included pest-

resistant crops, a typical example of the “first generation” of GM foods (“Taking genes 

from plant species and transferring them into crop plants to make them more resistant 

to insect pests”) as well as processed foods with altered protein content, a typical ex-

ample of the “second generation” of GM foods (“Using modern biotechnology in the 

production of foods, for example to give them a higher protein content, to be able to 

keep them longer, or to change the taste”).  

Consumers were asked to indicate their attitudes on four dimensions, including 

usefulness, risks, moral acceptability, and whether the application should be encour-

aged, using a response scale ranging from 1 (totally disagree) over 2 (mostly disagree) 

and 3 (mostly agree) to 4 (totally agree).  
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Figure 2.1. Average attitude of EU consumers towards different types of GM foods (scale minimum = 1 

“totally disagree”; scale maximum = 4 “totally agree”; adapted from Eurobarometer 58.0; Gaskell, 

Allum & Stares, 2003, p. 13).  

 

 

In the latest survey (data were collected in 2002), the first-generation GM-foods 

example scored slightly above the scale midpoint (which was 2.5) when evaluated for 

usefulness, moral acceptability, and whether it should be encouraged (see Figure 2.1). 

The second-generation GM-foods example, on the other hand, scored slightly below 

the scale midpoint when evaluated for usefulness, moral acceptability, and whether it 

should be encouraged. Both scored slightly above the midpoint when evaluated for 

risks. The biomedical applications, on the other hand, were generally seen in a more 

positive light. All of these, surprisingly including the cloning of human stem cells, 

scored clearly above the scale midpoint when evaluated for usefulness, moral accept-

ability, and whether they should be encouraged, but also above the scale midpoint 

when evaluated for risks. 

Although since 1991, the Eurobarometer survey has been conducted in regular 

three-year intervals, and was always based on population-representative samples from 

all EU member states, a huge number of smaller studies have been conducted that 

replicated the Eurobarometer findings on a smaller scale. Often, these studies even 
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involved survey questions adapted from the Eurobarometer, but were usually based on 

small convenience samples or nationally representative ones from only one EU member 

state (e.g., Frewer & Shepherd, 1995; Hampel & Pfenning, 1999; Heijs, 1995; Hursti,, 

Magnusson & Algers, 2002; Magnusson & Hursti, 2002; Morris & Adley, 2001; Saba, 

Rosati & Vassallo, 2000; Smink, Hanning & Homann, 1998 Sparks, Shepherd & 

Frewer, 1994; Urban, 1999).  
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Figure 2.2. Trends in overall support of first-generation GM foods in different EU member states 

(percent responding with “totally agree” or “agree” to the question whether the application should be 

encouraged. Adapted from Eurobarometer 58.0; Gaskell et al., 2003, p. 18).  
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Figure 2.3. Trends in overall support of second-generation GM foods in different EU member states 

(percent responding with “totally agree” or “agree” to the question whether the application should be 

encouraged. Adapted from Eurobarometer 58.0; Gaskell et al., 2003, p. 18).  

 

2.2.2. Trends over Time 

To the extent that the Eurobarometer results can be trusted, given the methodologi-

cal limitations of opinion polls, EU consumers currently seem to have relatively neutral 

attitudes to GM foods as a technology, with slight variations upwards or downwards 

depending on the particular type of GM foods. Moreover, there appears to be a U-

shaped trend over time. When compared to the results of the two previous Eurobarome-

ter surveys (46.1 in 1996 and 52.1 in 1999), consumer attitudes towards both genera-

tions of GM foods seem to have passed through a period of increased negativity around 

1999, but become more positive again in 2002 (see Figure 2.2 and Figure 2.3). Similar 
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results were observed by Frewer, Miles and Marsh (2002) in a longitudinal survey that 

was conducted in the UK only. 

Notable exceptions to the general trend across EU member states are Germany, 

Finland, France and the Netherlands, where attitudes appear to have more or less stabi-

lized, and Italy, where attitudes have become consistently more negative over time. As 

noted by the authors of the study (Gaskell et al., 2003, p. 18), it is striking that France 

and Italy, two of the large EU member states in which attitudes of the general public 

have stabilized or become more negative over time, also form the core of a group of 

member states (consisting of France, Italy, Greece, Denmark, Austria and Luxem-

bourg) who called for an extension of the de-facto moratorium on the commercial 

exploitation of GM crops (see Chapter 1, above). Political positions in these member 

states appear to some degree to reflect attitudes within the general public on this issue. 

2.2.3. Effects of Demographic Characteristics 

A consistent finding in all Eurobarometer surveys was that attitudes towards GM 

foods were dependent on two demographic background variables: gender and age. 

Younger Europeans tended to have more positive attitudes towards all types of GM 

foods than older Europeans, and men tended to have more positive attitudes than 

women (Gaskell et al., 2003, p. 41). According to logistic regression results reported 

by the authors, both effects were relatively strong: the odds that a respondent would 

state overall support for GM foods of the different types included in the survey in-

creased between 22% and 25% as a function of age group (when respondents aged 15 

to 39 were compared to respondents aged 40 and above), and between 18% and 29% as 

a function of gender (when male respondents were compared to female respondents). 

Formal education, on the other hand, did not have significant effects on the overall 

levels of respondents’ attitudes, and neither did the dominant religious denomination 

(protestant vs. catholic) of the respective EU member state respondents were residents 

of. 
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2.2.4. Knowledge about Biotechnology 

Beginning with Eurobarometer 39.1 (INRA Europe, 1993), the Eurobarometer sur-

veys have included a “knowledge quiz”, measuring objective knowledge about bio-

technology and related natural science issues. The quiz includes items like, for exam-

ple, “There are bacteria which live from waste water” and “Ordinary tomatoes do not 

contain genes while genetically modified tomatoes do not” which are answered on a 

correct-incorrect scale. In the absence of a gold standard, it is not possible to define 

what number of correct responses in this quiz would constitute little, medium, consid-

erable, or detailed knowledge.  

On a global average, EU citizens seem to be able to answer a little more than half 

of the knowledge items correctly, with slight variations upwards and downwards de-

pending on the member state they are citizens of. Citizens of Northern member states 

such as Sweden, Denmark, the Netherlands and Finland tend to have above-average 

numbers of correct responses, whereas citizens of Southern member states such as 

Portugal, Greece, and Spain (plus Ireland, as a geographical exception) tend to have 

below-average numbers of correct responses. Despite ongoing efforts to inform the 

general public about modern biotechnology, the average level of knowledge appears to 

remain relatively static across all EU member states (European Commission, 1997, p. 

25; INRA Europe, 2000, p. 25; Gaskell et al., 2003, p. 22). 

2.2.5. Trust in Institutions 

All special Eurobarometers on Europeans and Modern Biotechnology included 

items that asked the respondents to indicate whether they trusted different actors and 

institutions involved in the development, commercialization, regulation, and public 

debate of biotechnology (European Commission, 1997; Gaskell et al., 2003; INRA 

Europe, 1992, 1993, 2000). The ranking of the different actors remained relatively 

static over time: consumer organizations and environmental organizations were judged 

most trustworthy by Europeans, followed by Universities, animal welfare organiza-

tions, and finally, national governmental bodies, particular industries and political 

parties (Figure 2.4). 
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It is interesting to note that, in the period 1996 to 1999, all actors declined in their 

trustworthiness levels. The heated public debate of the years 1998 and 1999 may have 

been responsible for this (see above, Chapter 1). It appears that the mutual allegations 

of scientific misconduct, pursuit of vested interest, and deliberate distortion of facts, 

which have been exchanged between the different pressure groups during and after the 

Pusztai and Monarch-butterfly affairs, may have harmed the reputation of all actors and 

institutions that were involved in the controversies at the time. 
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Figure 2.4. Average trust of EU consumers in different actors involved in biotechnology (adapted from 

Eurobarometer 58.0; Gaskell, Allum & Stares, 2003, p. 33).  
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2.3. Comparative Risk Perception Studies 

Genetic modification of foods is not the first technology that has met problems of 

public acceptance – neither in Europe, nor in other parts of the world (Bauer, 1995; 

Buttel, 2000; Fischhoff, 1995; Jungermann, 1997). Seminal research on the driving 

forces behind public opposition to new technologies focused on the structure of con-

sumers’ comparative risk judgments, unsettled by the observation that members of the 

general public appeared to systematically overrate the risk associated with some tech-

nologies, whilst at the same time, they systematically underrated the risk associated 

with others.  

2.3.1. The Psychometric Model of Perceived Risk 

Slovic, Fischhoff and Lichtenstein (1980) laid the foundations to what is nowadays 

referred to as the “psychometric” model of perceived risk. They asked their subjects to 

evaluate altogether 90 hazards on 18 dimensions. The set of hazards in their initial 

study included technologies (such as nuclear power, gene technology, aviation), life-

style activities (skiing, smoking), chemical substances (alcohol, pesticides, dynamite), 

and social problems (crime, terrorism). The judgmental dimensions included, among 

others, voluntariness of exposure, immediacy of effect, knowledge about the risk by 

those exposed, scientific knowledge, control over the risk, newness, chronic vs. catas-

trophic, common vs. dread, and severity of the consequences, and so. The authors 

found that, when aggregated over subjects and subjected to principle components 

analysis, the dimensions could be reliably represented by two factors: (a) a dread fac-

tor, and (b) a familiarity factor. Notably, only the dread factor was a reliable predictor 

of subjects’ overall risk judgments.  

The basic structure turned out to be remarkably stable across many replications 

conducted around the World (for a recent review, see Slovic, 2002). Under a variety of 

different labels (such as gene technology, DNA technology or genetic engineering), 

GM technology was included in many of these. Although for any hazard, its relative 

position in the perceptual space defined by the two axes of the model depends on the 

set of potential hazards over which the analysis is being conducted, GM technology 
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was usually positioned in the quadrant defined by above-average scores on the dread 

factor, and below-average scores on the familiarity factor (see Rohrmann, 1999, for a 

detailed review of all risk perception studies conducted up until 1998).  

Despite its intuitive appeal, the psychometric model of perceived risk has recently 

been subjected to harsh and far-reaching critique (for an overview, see Sjöberg, 2002a; 

2002b, 2002c; Wåhlberg, 2001). The first problem is that the model is based on be-

tween-hazards comparisons. Strictly speaking, there is no evidence whatsoever that 

people engage in such comparisons when encountering a given hazard in their daily 

lives. The second problem is the pre-selection of judgmental dimensions. Research 

using open-ended methods has found that many consumers spontaneously use dimen-

sions that are not included in the standard set (e.g., tampering with nature), whilst other 

dimensions that figure prominently in the standard set (e.g., risk to future generations) 

are hardly ever used spontaneously (Sjöberg, 2000b, 2000c).  

2.3.2. Comparative Perception of Food-related Hazards 

A number of relatively recent studies have used sets of hazards that are specific to 

the food domain. Fife-Schaw and Rowe (2000) asked 2000 British consumers in 1995 

to rate eleven different food hazards on ten judgmental dimensions that had been se-

lected on the basis of qualitative pilot work and extensive validation (Fife-Schaw & 

Rowe, 1996, Sparks & Shepherd; 1994), thereby accommodating one of the major 

points of criticism raised against the psychometric model of perceived risk. The posi-

tion of the different hazards in perceptual space, defined by their scores on the familiar-

ity and dread factors, is shown in Figure 2.5. Compared to the other food hazards in-

cluded in this study, “genetically altered” scored substantially below average on the 

familiarity dimension, but average on the dread dimension. 

The study was replicated by Kirk, Greenwood, Cade, and Pearman (2002) in a lon-

gitudinal design. They surveyed the same 1200 British consumers three times in 1998 

and 1999, with 6-month intervals between the respective measurements. The initial 

relative position of GM foods was comparable to the one observed by Fife-Schaw and 

Rowe (2000), and did not change significantly over time. Considering that the period 
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over which the panel study was conducted saw a heated and polarized debate about GM 

foods in the British media (see above, Section 1), the stability of consumers’ percep-

tions of GM foods relative to other food hazards has to be judged as high. Unfortu-

nately, no comparable studies have been conducted in other EU member states than the 

UK. Therefore, generalizations to other consumer populations should only be made 

cautiously. 
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Figure 2.5. Relative position of the potential food hazard “genetically altered” in perceptual space, 

compared to other food-specific hazards (adapted from Fife-Schaw & Rowe, 2000).  
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2.3.3. Comparative Perception of Different Gene Technology Applications 

Frewer, Hedderley, Howard and Shepherd (1997; Study 2) report the results of a 

relatively small risk perception survey, involving 320 consumers from the UK who 

were asked to evaluate descriptions of altogether 30 general and specific application of 

gene technology, developed in a pilot study (see Frewer, Howard & Shepherd, 1997; 

for a replication of the pilot study in Italy, see Saba, Models & Frewer, 1998). The 

applications ranged from genetic modification of microorganisms for the production of 

foods over genetically modified animals in agriculture to medical applications such as 

xeno-transplantation of organs from genetically modified animals.  

In contrast to most other risk perception studies, the authors collected responses to 

just one item, objection to the application, from each respondent regarding each appli-

cation, and then used internal preference mapping to model distances between the 

“objection scores” for the different applications. The perceptual maps are displayed in 

Figure 2.6. In both perceptual maps the respective first, stronger dimension appeared to 

contrast plant and microorganism applications with human and animal applications, 

whilst the second, weaker dimension appeared to contrast contained use (in food proc-

essing or in medical research laboratories) with uncontained use (in agricultural pro-

duction or in the actual medical treatment of patients).  

The results concerning the first dimension are broadly in line with results from 

public opinion surveys (see above) concerning different target organisms. Results 

concerning the second dimension are somewhat similar to the results of a qualitative 

study reported by Grunert, Lähteenmäki, Nielsen, Poulsen, Ueland and Åström (2001; 

see below), who found that a “psychological distance” dimension, that is, the degree to 

which a GM application is removed from the final consumer product, was of high 

explanatory value for consumers’ objections. 
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Figure 2.6. Perceptual maps for different general (upper figure) and specific applications (lower figure) 

of gene technology, derived from objection scores collected from UK consumers (adapted from Frewer, 

Hedderley, Howard & Shepherd., 1997, p. 71 and p. 74).  
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2.4. Qualitative Investigations of the Content of Consumers’ Belief Systems  

The research reviewed up until now, including public opinion surveys and risk per-

ception studies, was based on standardized data collection methods. With few excep-

tions, the attitude statements used in the surveys, and the semantic differential dimen-

sions used in the risk perception studies, had been selected by researchers without input 

from qualitative pilot research. This strategy has been heavily criticized in recent years 

(e.g., Frewer, Lassen, Kettlitz, Scholderer, Beekmann, & Berdal, 2004; Hansen, Holm, 

Frewer, Robinson, & Sandøe, 2003; Lassen, Madesn & Sandøe, 2001; Levidow & 

Marris, 2001; Marris, 2001; Purdue, 1995; Sjöberg, Truedsson, Frewer, & Prades, 

2000), sparked by the hindsight realization that many of the issues investigated in those 

studies turned out not to be the ones the public were actually worried about.  

Prompted by seminal research conducted in the Netherlands in the late 1980s 

(Hamstra & Feenstra, 1989; see below), a marked if somewhat delayed shift can be 

observed in the mid-1990s in the research strategies applied in the field: the qualitative 

content of the belief systems held by consumers became a research topic in its own 

right. The different studies inn this group can roughly be subdivided into those that 

elicited consumers’ beliefs by confronting them with relatively abstract concepts like 

“genetic engineering”, “gene technology”, “biotechnology” or “GM foods”, and those 

that used concrete product examples as stimuli in the interview situations. 

2.4.1. Studies Focusing on Beliefs about the Technology  

Hamstra and Feenstra (1989) were the first to conduct a detailed qualitative inves-

tigation of the contents of consumers’ beliefs about modern food biotechnology. The 

design of their study consisted of focus group-like workshops, involving altogether 34 

lay participants. The group discussions were enriched with elements typically found in 

consensus conferences. Every workshop started with a general discussion of modern 

food production issues. After a while, concepts of modern food biotechnology were 

introduced (including genetic modification), and spontaneous reactions were elicited 

from the participants.  
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Figure 2.7. Hierarchical value map obtained from group laddering interviews with Dutch consumers 

(adapted from Hamstra & Feenstra, 1989; reproduced in Hamstra & Smink, 1996, p. 34). 

 

 

After a first round of discussions, participants were invited to listen to three pres-

entations: a speaker from a consumer organization, a speaker from a company develop-

ing GM foods, and a videotape with general background information about modern 

food biotechnology.  

After this, discussions were continued, using a group-laddering protocol to probe 

more deeply into consumers’ beliefs about biotechnology in general and its application 

in food production in particular. A content analysis of consumers’ responses during the 

group laddering interviews yielded the hierarchical value map shown in Figure 2.7. 

Judged with the benefit of hindsight, it is interesting to note that the issues uncovered 

in this early study are virtually identical to those uncovered in most subsequent qualita-

tive studies. Aspects of uncertainty figured prominently in consumers’ responses, 

indicated by associations of with ignorance, fear, control, and trust.  

Also apparent in this early study was the persistent association of modern food 

production methods with perceived losses in terms of taste, naturalness and healthiness. 

Finally, a whole range of consumer policy issues was raised that are still at the center 
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of the public debate, including freedom of choice, labeling, the trustworthiness of 

regulatory institutions, and allegations of purely economic motives underlying produc-

ers’ choice of ingredients and processing methods. On the other hand, participants in 

this study also recognized the potential of modern biotechnology to provide advances 

in terms of convenience, prolonged shelf-life of products, and lower prices for consum-

ers. Hence, it could already at this early stage be expected that some degree of ambiva-

lence would be present in consumers’ belief systems.  

In the initial study by Hamstra and Feenstra (1989), genetic modification was but 

one of a range of biotechnical processes which consumers were confronted with. Sub-

sequent studies focused more narrowly on genetic modification, the biotechnical proc-

ess that was regarded as most problematic by stakeholders in terms of consumer accep-

tance. Miles and Frewer (2001), for example, conducted individual laddering inter-

views with 130 UK consumers (in 1997) and obtained a hierarchical value map that 

was somewhat similar to the Hamstra & Feenstra (1989) results, albeit clearly biased 

towards negative associations (Figure 2.8). 

 

 

Figure 2.8. Hierarchical value map obtained from individual laddering interviews with UK consumers 

(adapted from Miles & Frewer, 2001, p. 52). 
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Reflecting the research questions underlying early public opinion surveys (see 

above), several studies investigated whether different beliefs were associated with 

different target organisms. Frewer, Howard and Shepherd (1997) elicited personal 

constructs representing genetic modification of different types of organisms from a 

small sample of British consumers. Modification of animals or human genetic material 

was associated with attributes like causing ethical concern, being unnatural, harmful, 

and dangerous. Modification of plants and microorganisms was more often associated 

with attributes like being beneficial, progressive, and necessary.  

2.4.2. Studies using Naturalistic Product Examples 

Bredahl (1999; also see Bredahl, 1998; Scholderer, Balderjahn, Bredahl & Grunert, 

1999) used laddering interviews to investigate the risks and benefits that European 

consumers associate with two different types of concrete product examples, including 

beer brewed from genetically modified yeast, and yoghurt produced with the help of 

genetically modified starter cultures. Altogether 400 consumers from Denmark, Ger-

many, Italy, and the UK participated in the study. The hierarchical value maps obtained 

from a content analysis of the interviews were relatively similar between the two prod-

uct examples. Both for yoghurt and beer, the attribute “genetically modified” yielded 

more negative than positive associations. In all four countries, the focus was on beliefs 

relating to unhealthiness and a lack of trustworthiness (an example is shown in Figure 

2.9).  

Notably, most of these associations did not relate to the particular genetic modifi-

cation in the respective example product. Instead, they focused on somewhat nebulous 

consequences consumer perceived the general technology to have, including issues 

related to the integrity of nature (“harms nature”, “morally wrong”), uncertainty (“un-

familiar”, “cannot trust product”), the power balance between different actors in the 

marketplace (“only benefits producer”), and a general expectation that modern food 

processing methods as such would render a product unhealthy (“unwholesome and 

artificial”).  
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Figure 2.9. Hierarchical value maps obtained from individual laddering interviews with German con-

sumers (upper figure: yoghurt example, lower figure: beer example; adapted from Bredahl, 1999). 

 

These consequences were generally seen to inhibit the attainment of individual life 

values such as happiness and inner harmony, a long healthy life, quality of life, secu-

rity, and the social values responsibility for nature and responsibility for the welfare of 

other people.  

Grunert, Lähteenmäki, Nielsen, Poulsen, Ueland and Åström (2001) report the re-

sults of another, very detailed laddering study involving approximately 300 consumers 

from Denmark, Finland, Norway and Sweden. Consumers received product descrip-

tions of cheese, candy and salmon products representing different types of GM applica-
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tions. The GM applications varied along a “psychological distance” dimension and a 

“what is modified” dimension, and were presented along with conventionally produced 

product variants. In general, consumers appeared to regard the absence of genetic 

modification as a value in itself and associated the use of the technology with a broad 

range of negative consequences, but predominantly with uncertainty and unhealthiness.  

Benefits of the use of GM were regarded as relevant, but could not compensate for 

the negative associations. In all product categories, the major distinction respondents 

made was between GM and non-GM products. The conventional products were consis-

tently preferred most, even though these were the only product variants that were not 

explicitly described in terms of their benefits. Hence, as expected, the major benefit 

consumers saw in the conventional products was simply that they were not genetically 

modified. The absence of GM was, in turn, mainly associated with safety and healthi-

ness, whilst any kind of GM application was associated with uncertainty and unhealthi-

ness, along with a range of other, more specific negative associations.  

Within the GM product variants, the “psychological distance” dimension turned 

out to be particularly important. In almost all cases, the average preference ranks were 

identical to the ranks of the products on the “psychological distance” dimension, with 

products where GM material was absent in the final product ranking highest, and prod-

ucts where the material was present and active, ranking lowest. Results concerning the 

other factor varied in the design, whether the GM application referred to raw material, 

enzyme production or microorganisms, were less clear. In the cheese case, no apparent 

differences could be detected. In the candy case, modifying processing aids (enzyme 

production or microorganisms) was more acceptable than modifying the raw material. 

In the salmon case, modifying soybeans for use as feed was more acceptable than feed 

containing modified microorganisms.  

By design, the three products had differed in terms of the particular risks and bene-

fits attributed to them. In none of the cases were the benefits able to compensate for the 

negative associations with genetic modification. However, the degree to which the 

benefits figured in respondents’ perception varied. In the candy example in particular, 

relatively remote societal benefits (like benefits to the environment) and personal he-

donic benefits (like a smooth taste) did not seem to be good promoters of GM accep-
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tance, whereas a benefit combining societal relevance and personal health benefits (low 

calories/can be consumed by diabetics) seemed to work best, partly compensating for 

the negative associations.  

2.5. Models of Attitude Structure 

In a way, the qualitative research reviewed above can be understood as in-depth 

probing of the internal structure of consumers’ beliefs systems. In the hierarchical 

value maps derived in studies using laddering interviews (Bredahl, 1999; Miles & 

Frewer, 2001; Hamstra & Feenstra, 1989; Grunert et al., 2001), there seems to be a 

common pattern. The ladders tend to start with the attribute “genetically modified”, 

then pass through a consequence level of somewhat higher variability but equally high 

abstraction, and end up at more or less the same set of general values across studies. 

But even on the consequence level, the variation between the different studies is rela-

tively narrow. Hence, a common core of associations with the attitude object “GM 

foods” can be assumed to exist. 

The studies to be reviewed in the following sections were mainly quantitative and 

often had the explicit aim to develop causal models of the structure of consumer atti-

tudes towards GM foods. Whilst qualitative studies focus on the nature and content of 

consumers’ beliefs, attitude structure models aim to establish quantitative relationships 

between different beliefs, between beliefs and attitudes, between attitudes and other 

attitudes, and between attitudes and purchase intentions. We will start with the few 

studies that have assessed the level of generality (or abstraction) on which beliefs and 

attitudes operate. 

2.5.1. Abstraction Level of the Attitude Object 

Brüggemann and Jungermann (1998) report an interesting investigation into the 

level of abstraction on which consumer attitudes towards gene technology are repre-

sented. The level of representation was operationalized in their experiment in terms of 

the effects which different levels of abstraction in the description had on consumer 
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evaluations of risks and benefits. Besides other biotechnology applications, their stim-

uli included genetically modified foods. These were described to the same participants 

(100 German consumers) on a high level of abstraction (“gene technology”), a medium 

level of abstraction (“gene technology in agriculture”), and a low level of abstraction 

(“genetically modified tomatoes” and “genetically modified rape”), whilst identical 

descriptions of risks and benefits were included in the texts.  

The authors found that consumers’ evaluations of risks as well as benefits were 

significantly higher on higher levels of abstraction. The more concrete the descriptions 

became, the less extreme became consumers’ evaluations, whilst trade-off values for 

risk versus benefit remained constant. The results point to an attenuation effect in the 

concretization process: consumers appear to form their evaluation mainly on the ab-

stract level of the general technology, whilst, when more concrete applications of the 

technology are to be evaluated, mere random variation appears to be added, resulting in 

a process not unlike regression towards the mean.  

2.5.2. Abstraction Level of Beliefs 

Schütz, Wiedemann and Gray (1999; also see Gray & Wiedemann, 1998) investi-

gated a similar question. The target of their analysis, however, was not the level of 

abstraction on which the attitude object is represented, but the level of abstraction on 

which the consequences are represented which consumer associate with the object. 

They conducted a number of focus groups and individual face-to-face interviews with 

altogether 110 German consumers, using a relatively unstructured protocol that gave 

participants the opportunity to elaborate their responses as much as they felt inclined 

to. The participants were asked to explain the risks and benefits they associated with a 

number of gene technology applications. After the interviews had been transcribed, the 

authors coded each response according to the level of specificity on which the belief 

had been expressed.  

Of the altogether 169 statements about risk that respondents had spontaneously 

generated when asked to explain their critical attitude towards gene technology, 25% 

contained neither a cause nor a consequence of the concept “risk”. Instead, consumers 
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generated re-phrasings and tautologies such as “because it’s so risky” when asked to 

explain their attitudes. Only 8% of the statements contained a causal specification of 

risk (related to misuse and safety aspects during production processes). 67% of the risk 

statements contained a consequential, but no causal specification. Of the consequential 

specifications, by far the most (78%) were related to humans, and few to the environ-

ment (13%), animal welfare (7%) or societal issues (4%).  

Substantially more benefit beliefs were voiced during the interviews than risk be-

liefs, and they also they tended to have a higher degree of specificity. Of the altogether 

257 benefit statements, only 4% contained no causal and no consequential specifica-

tions. 21% of the benefit statements contained a causal specification (most of them 

related to lower cost for producers or consumers, followed by safety benefits and better 

product qualities). Finally, the remaining 75% of benefit statements contained a conse-

quential, but no causal specification. Again, most of the consequences were related to 

humans (49%), followed by economic benefits (26%), abstract statements about health 

(18%), environment (3%), science (2%), and society in general (1%).  

Taken together, the results suggest that consumers do not actually have beliefs 

about GM foods in the sense, as beliefs are commonly understood in consumer research 

(Fishbein & Ajzen, 1975; see Chapter 3.2). First of all, the statements generated by the 

participants of the study were largely evaluative, rather than cognitive, as which a 

belief is commonly defined (Bagozzi, 1978). Moreover, the risk statements in particular 

tended not to have any specifications of causes or consequences, suggesting that the 

evaluative judgment is categorical and made on the level of the attitude object itself, 

rather than on the level of the object’s attributes, as a belief-based model of attitude 

structure would require (Hackman & Anderson, 1968; Pratkanis, 1989). Finally, even 

in those instances where attribute-like consequence specifications were made, these 

referred in many instances to even more abstract entities (“the environment”, “health”) 

rather than more concrete ones, as a belief-based model would assume (Heddy & La-

Barbera, 1985). 
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2.5.3. Interrelationships between Beliefs  

The complexity of an attitude can often be assessed by examining the interrelation-

ships between different beliefs (Chaiken, Pomerantz & Giner-Sorolla, 1995). A com-

plex belief system that is based on many and highly diverse attributes of and experi-

ences with an attitude object, should exhibit little systematic covariation across indi-

viduals. If beliefs show strong covariation, on the other hand (i.e., low complexity), this 

is often taken as an indicator that these beliefs are derived from overall attitudes, rather 

than the other way around.  .  

Only few studies have been reported in the literature that examined the covariation 

between belief statements about gene technology. Bredahl (2001) used 15 belief items 

in a standardized survey, constructed from the beliefs identified in the laddering study 

by Bredahl (1999; see above). The survey involved 2000 consumers from Denmark, 

Germany, Italy and the UK. Using principal components analysis, she explored the 

dimensionality of the belief data and found that two principal components were suffi-

cient to represent the covariation between the beliefs: a risk dimension, and a benefit 

dimension. Saba and Vassallo (2002) used six belief statements in a sample of 1000 

Italian consumers. Exploring the dimensionality of the belief set, they found that two 

principal components were sufficient to represent their data as well. 

Midden, Boy, Einsiedel, Fjæstad, Liakopoulas, Killer, Öhmann and Wagner (2002) 

report a factor analysis of the attitude statements in the Eurobarometer (1996) data, i.e. 

of the altogether 24 questions asking respondents to evaluate the usefulness, risk, moral 

acceptability, and overall support of the six prototypical biotechnology applications 

included in the Eurobarometer survey (see Chapter 2.2.1, above). Although the items 

were not actually belief statements but overall evaluations, the authors found a two-

dimensional structure as well. The first factor comprised all evaluations of usefulness, 

risk, moral acceptability, and overall support, whilst the second factor comprised the 

risk statements. Very similar results had already been obtained by Hamstra (1991) in a 

similar analysis of overall evaluation data gathered from 810 Dutch consumers.  

The results indicate a rather low degree of complexity in consumers’ beliefs, both 

concerning gene technology in general as well as GM foods in particular. Two dimen-

sions were found sufficient in all studies where belief complexity was investigated. As 
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pointed out by Bredahl (2001) and Scholderer, Bredahl and Frewer (2001), this finding 

does not exactly come as a surprise as European consumer simply do not have any 

experiences with GM foods (see Chapter 1). Furthermore, the debate in the media has 

largely been conducted on the level of the general technology, rather than on the level 

of particular products (Bauer & Bonfadelli, 2002; Gutteling, Olofsson, Fjæstad, 

Kohring, et al., 2002). Hence, a lack of differentiation could only be expected.  

2.5.4. The Role of Factual Knowledge 

A key concept in the public understanding of science literature is the so-called 

“deficit model” (Hansen et al., 2003). The model refers to technocratic elites who 

adopted the perspective that the public was in some way ignorant about notions of risk 

and probability and saw it therefore as desirable to rectify the knowledge gap between 

the originators of scientific information and its recipients. As a result, it was thought 

that educating the public would resolve all problems of technology acceptance (Hil-

gartner, 1990). In the case of GM foods, adopters of the deficit model assumed that if 

only consumers recognized the benefits in the same way as those developing and pro-

moting the technology, then they would finally accept the resulting products (Peters, 

2000; Scholderer, 2000).  

As already mentioned, the Eurobarometer surveys included a “knowledge quiz”, 

measuring factual knowledge about biotechnology and related natural science issues. In 

the Eurobarometer 46.1 report (European Commission, 1997) the authors related fac-

tual knowledge (as measured by the knowledge quiz) to the different attitude dimen-

sions discussed above (usefulness, risk, moral acceptability, and overall support). Quite 

surprisingly, they found that knowledge was positively related to all of these dimen-

sions. Unfortunately, the authors only report correlations between knowledge and 

attitude indices obtained by averaging over all biotechnology applications for which 

attitude measures had been included. The correlations were r = .26 with usefulness, .10 

with risk, .24 with moral acceptability, and .22 with overall support.  

In the Eurobarometer 46.1 report, the authors interpret this finding as an effect of 

attitudes becoming more “crystallized” at higher levels of knowledge (i.e., stronger and 



 Chapter 2: Previous Research 48 

more extreme), independent of whether these attitudes are positive or negative (i.e., 

independent of their the valence). In Midden et al.’s (2002) reanalysis of the Euro-

barometer 1996 data, the correlations have somewhat changed although the data should 

actually be the same. Here, the correlations are reported as r = .21 with usefulness, .20 

with risk, .20 with moral acceptability, and .18 with overall support.  

In the reports about the three subsequent Eurobarometer surveys, the authors have 

shown a marked reluctance to repeat these analyses. The reasons can only be specu-

lated about. Still, it is striking that not even the possibility of regressing attitudes on 

knowledge is mentioned in the Eurobarometer 52.1 (INRA Europe, 2000) and 58.0 

(Gaskell et al., 2003) reports. In a refereed journal paper re-analyzing data from the 

Eurobarometer 52.1 survey, the Eurobarometer working group stresses that their “pre-

sent interest is on an effect that lies outside the domains of trust and knowledge” (Gas-

kell, Allum, Wagner, Kronberger, Torgersen, Hampel, & Bardes, 2004, p. 191). Al-

though knowledge is included as a predictor in their regression analyses, the authors do 

not report the sufficient statistics that would allow an estimation of the effect size 

associated with knowledge. 

A number of other studies have attempted to replicate knowledge effects similar to 

those identified in the Eurobarometer 46.1 report, but failed to find them. These studies 

included Bredahl (2001) who used data from altogether 2000 Danish, German, Italian, 

and British consumers, Koivisto-Hursti and Magnusson (2003), who used data from 

800 Swedish consumers, and Frewer, Shepherd and Sparks (1994), who used data from 

60 British consumers. In light of the evidence, the relatively bold conclusions from the 

Eurobarometer 46.1 report (European Commission, 1997), claiming that increased 

knowledge leads to increased attitude extremity irrespective of the attitude’s valence, 

should be regarded with skepticism. Evidence from studies published in peer-reviewed 

journals (Bredahl, 2001; Koivisto-Hursti & Magnusson, 2003; Frewer et al., 1994) as 

well as the absence of follow-up analyses in subsequent Eurobarometer reports (INRA 

Europe, 2000; Gaskell et al., 2003) suggests that there may be little relation after all 

between factual knowledge about biotechnology and attitudes towards GM foods. 
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2.5.5. Risk-benefit Trade-offs 

A very thorny issue in all areas of consumer policy is the question about the ra-

tionality of consumer choice. As Scholderer, Balderjahn and Will (1997) have shown in 

their study of international biotechnology experts, the stakeholder elite tends to presup-

pose a model of technical rationality in consumers. Interestingly, this presupposition 

can be found on all sides of the debate, even among professional consumer researchers. 

The bias usually takes the form of a particular causal direction which is imposed on the 

statistical models without even considering alternative representations.  

Virtually all studies which aimed to describe the structure of consumer attitudes to 

gene technology on a medium level of generality – that is, in terms of the interrelation-

ship between overall evaluations of gene technology and evaluations of risk and bene-

fits – have assumed that overall evaluations of the technology are formed on the basis 

of a risk-benefit trade-off. Hampel (1999), for example, reports multiple regression 

analyses on the basis of the Eurobarometer 1996 data, pooled over the different EU 

member states. His model is shown in Figure 2.10 (coefficients are standardized).  
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Figure 2.10. Overall support for different biotechnology applications as a function of perceived risk, 

perceived benefit, and moral acceptability (adapted from Hampel, 1999, p. 31). 
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The same basic model, assuming that the basis of consumer attitudes towards gene 

technology is a risk-benefit trade-off, can be found in all re-analyses of Eurobarometer 

data (e.g., Hampel & Pfenning, 1999; Gaskell et al., 2004; Midden et al., 2002; Pardo, 

Midden & Miller, 2002), sometimes with added, sometimes with omitted variables, 

sometimes aggregated over the six applications in the Eurobarometer, sometimes not, 

sometimes based on national sub-samples, sometimes based on the pooled data.  

Often, the idea of a risk-benefit trade-off also forms an inherent part of more com-

plex models. For example, it reappears in most consumer surveys that have investigated 

the inter-attitudinal structure of consumer attitudes towards GM foods, i.e. how these 

attitudes are related to more general socio-political attitudes on the one hand, and to 

purchase intentions on the other hand. These surveys include the one conducted by 

Bredahl (2001) in four different EU member states, McCarthy and Vilie (2002) in 

Ireland, which was a replication of Bredahl’s (2001) survey, Saba, Rosati and Vassallo 

(2002) and Saba and Vassallo (2000) in Italy, Siegrist (2000) in Switzerland, and 

Sparks, Shepherd and Frewer (1995) in the UK. The results of these studies are re-

ported in more detail in the next section (see below). The regression coefficients re-

ported by the different authors are of similar size as the ones reported by Hampel 

(1999).  

Judged from the omnipresence of the idea of a risk-benefit trade-off in these mod-

els, there appears to be a consensus in the scientific community to consider the exis-

tence of this trade-off self-evident. However, the assumption has never actually been 

put to an empirical test in any of the studies reviewed here. In all instances, the respec-

tive model structure was specified a priori. Considering the results of studies in which 

the complexity of beliefs and belief systems was explicitly investigated (notably Schütz 

et al., 1999; see above), the assumption of a rational choice process appears highly 

questionable. 

2.5.6. Dependence on General Socio-political Attitudes 

Consumer attitudes towards genetically modified foods cannot be fully understood 

in isolation from attitudes towards other social issues. In the qualitative investigations 
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reviewed above, it already became obvious that even broader issues like environmental 

policy or technologies in general provide the template by which gene technology is 

judged and evaluated.  

The broadest investigation of the relationship between consumer attitudes towards 

GM foods and more general socio-political attitudes has been the already mentioned 

survey by Bredahl (2001) which involved altogether 2030 consumers from Denmark, 

Germany, Italy and the UK. In this study, consumer were asked to respond to a whole 

battery of attitude scales, measuring attitudes towards the environment, technology, 

consumer alienation from the marketplace (i.e., anti-capitalist attitudes; Allison, 1978), 

food neophobia (i.e. the habitual tendency to reject unfamiliar foods as such; Pliner & 

Hobden, 1992), subjective knowledge, as well as the already discussed risk and benefit 

items which had been constructed on the basis of qualitative pilot research (see Chapter 

2.5.3, above). The results of Bredahl’s structural equation analysis are shown in Figure 

2.11.  

 

 

 

Figure 2.11. Risk-benefit trade-off based on confounded risk and benefit perceptions, in turn determined 

by a battery of general socio-political attitudes (adapted from Bredahl, 2001, p .42). 
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The battery of socio-political attitudes could explain more than half of the variance in 

perceived risk (53%) and benefit (61%), respectively, indicating a strong dependence. 

Risk and benefit had been measured by the set of beliefs already discussed above. 

Furthermore, it had been assumed in this study that overall attitudes would be the 

outcome of a risk-benefit trade-off. Interestingly, the residuals in the risk and benefit 

construct were so highly correlated that a direct path had to be added from risk to bene-

fit in order to obtain a reasonable fit. The now confounded risk-benefit trade-off model 

could then explain a mere 52% of the variance in overall attitudes. 

In a way, the Bredahl (2001) study effectively synthesized preliminary results that 

had been gathered in many smaller-scale studies. Attitudes towards environment and 

nature, for example, had already been found to be negatively correlated to consumer 

attitudes towards GM foods in the preference mapping study by Frewer et al. (1997; 

see above) as well as by Hamstra (1995) in a survey of 420 Dutch consumers. Attitudes 

to science and technology had already been found to be positively correlated to atti-

tudes towards GM foods in a survey of 1500 Danish consumers reported by Borre 

(1990a). The same result had been obtained in the already mentioned surveys by Ham-

stra (1991) in the Netherland and Sparks et al. (1994) in the UK.  

Siegrist (2000) conducted a survey involving altogether 1000 Swiss consumers. In 

this study, he focused on the concept of social trust (Earle & Cvetkovich, 1995) to 

explain perceived risks and benefits associated with gene technology. Social trust refers 

to people’s willingness to rely on experts and institutions in the management of risks 

and technologies. In this tradition, trust is understood as a one-dimensional socio-

political attitude that is generalized over particular issues and institutions. Using struc-

tural equation modeling, the author found that social trust was positively related to 

perceived benefit (explaining about 10% of the variance) and negatively related to 

perceived risk (explaining around 35% of the variance), which he specified as antece-

dents to the formation of overall attitudes towards gene technology (explaining about 

50% of the variance). 
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Figure 2.12. Risk-benefit trade-off based on confounded risk and benefit perceptions, in turn determined 

by social trust (adapted from Siegrist, 2000, p. 200). 

 

Interestingly, the same problem of highly correlated residuals occurred here as in the 

Bredahl (2001) study. In this case, however, the author added a direct path from benefit 

to risk, i.e. in the opposite direction1. 

2.5.7. Relationship between Attitudes and Purchase Intentions 

Sparks, Shepherd and Frewer (1995) examined attitudes toward gene technology in 

food production using a modified version of Ajzen‘s (1991) theory of planned behav-

ior. 330 consumers from the UK completed a survey questionnaire that included ten 

risk and benefit belief statements which had been constructed ad hoc. For these, 

strength and evaluation scores were obtained from the participants and aggregated into 

a composite score following Fishbein’s (1963) product-sum specification. In addition, 

                                                 
1 The direction of such a path cannot actually be tested. The covariance matrices implied by the two 

competing models would be identical (see Chapter 5.3.4), hence the models are equivalent (Williams, 

Bozdogan & Aiman-Smith, 1996). It is interesting to observe though that both authors find very good 

arguments to justify a decision which may have been prompted by the fact alone that one of the two 

equally sized modification indices was printed before the other in the output file from the analysis.    
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measures for overall attitude, subjective norm, perceived behavioral control, perceived 

ethical obligation and environmental concern2 were included.  

These variables were then used jointly to predict whether participants expected to 

personally support the application of gene technology in food production within the 

next 15 years. When all variables were included simultaneously in the model, only 

overall attitude remained significant as a predictor. Apart from the environmental 

concern item, all other variables had shown significant pairwise correlations with the 

expectation to support gene technology. Hence, it appears that they were either com-

pletely mediated by overall attitude, or that overall attitude was their common cause3.  

Saba and Vassallo (2002) replicated the study in Italy. 1000 consumers answered 

the same questions as in the Sparks et al. (1995) survey, although with an important 

modification: all questions referred to a concrete product (genetically modified toma-

toes) and not to the abstract object of gene technology, as the questions in the original 

study had done. The authors used structural equation modeling to analyze their data4. In 

contrast to the earlier study by Sparks et al. (1995), they found perceived behavioral 

control to be the strongest predictor of intention, whilst the other model variables had 

rather small effects.  

The Bredahl (2001) survey, already reviewed above, contained a product-specific 

part as well. The Danish, German, Italian and British participants in the survey were 

asked to state outcome beliefs, normative beliefs, and control beliefs, along with pur-

chase intentions, for two tangible product examples. These were a genetically modified 

beer with an environmental benefit and genetically modified yoghurt with a health 

benefit. Like the Sparks et al. (1995) and Saba and Vassallo (2002) studies, the model 

was based on the general framework of Ajzen’s (1991) theory of planned behavior.  

                                                 
2 For some reason, the authors referred to this item as “self-identity” in the paper. 
3 The statistical analysis reported in the paper is not very informative. It appears that no systematic 

attempt has been made to identify the particular mode of mediation. Furthermore, a number of the 

variables correlated around .80 with another on a single-item level; their discriminant validity is 

doubtful.  
4 As the model appeared to be quite ill fitting (an RMSEA computed from the chi-square and 

degrees of freedom reported in the paper would have been .16 and therefore unacceptable by common 

standards; see Chapter 5.2.3), it is highly questionable whether the results can be trusted at all. 
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The analysis indicated that consumers’ purchase intentions were exclusively de-

termined by their attitudes towards purchasing the products. In turn, these were signifi-

cantly influenced by overall attitude towards genetic modification in food production, 

mediated by beliefs regarding the quality and trustworthiness of the products. Interest-

ingly, the distinction between quality and trustworthiness had to be introduced as a 

replacement for the distinction between outcome, normative and control beliefs sug-

gested by Ajzen’s theory because the intercorrelations of the beliefs from the three 

subsets followed a completely different pattern. 

2.6. Attitude Change Studies 

Six studies have been published in the scientific literature to date that specifically 

investigated the effects of communication about GM foods on consumer attitudes. Four 

of these used laboratory-research designs, where participants were confronted with 

isolated messages that had been experimentally varied. Such designs allow separation 

of different factors contributing to communication effects (such as message type, ar-

gument quality, and source; see McGuire, 1985; O’Keefe, 1995; Petty & Cacioppo, 

1986; Tesser & Scheffer, 1990) but suffer from low ecological validity. Another two 

studies used more naturalistic communication materials, where the different factors 

contributing to communication effects remain partially confounded.  

2.6.1. Effects of Isolated Message Stimuli 

Frewer, Howard and Shepherd (1998) presented 240 British consumers with a list 

of ten very simple messages about GM foods (e.g., “Fruit and vegetables can be geneti-

cally engineered to contain higher levels of certain nutrients – for example, vitamins C 

and E. This may offer protection against certain diseases like cancer”). All messages 

stressed the benefits of GM foods; they had been selected as the ten most persuasive 

messages from a larger pool of messages in a pilot study.  
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Figure 2.13. Partial depolarization effects in response to messages stating the benefits of genetically 

modified plants and microbes (data source: Frewer, Howard & Shepherd, 1998). 

 

The authors observed an effect that can probably be best interpreted as partial depolari-

zation5: consumers with initially positive attitudes became less positive, and so did 

consumers with initially moderately positive attitudes (see Figure 2.13).  

Frewer, Howard, Hedderley, and Shepherd (1999) confronted another sample of 

British consumers with sets of messages that all stressed the benefits of GM foods, but 

varied in persuasiveness (which had been calibrated in a pilot study). The persuasive-

ness of the messages did not have a significant overall impact on attitudes towards 

realistic types of GM foods, but tended to slightly decrease the negativity of attitudes 

towards unrealistic, “shocking” types of GM applications such as transfer of human 

DNA into animals for agricultural purposes.  

Furthermore, they found an interesting disordinal interaction effect on the degree 

of message elaboration between the sources to which the messages had been attributed 

(consumer organization versus government source) and the persuasiveness of the mes-

sages. Consumers generated more cognitive responses when information low in persua-

siveness had been attributed to the more trustworthy than when it had been attributed to 

                                                 
5 Since the authors had not applied a very a well-controlled design, there had been a strong self-

selection effect in the recruitment of participants. This caused the problem that even those consumers 

who had been defined as the “initially negative group” after a median split showed average scores in the 

positive range of the attitude scale. Hence, we have re-labeled them as “moderate” here to clarify this. 
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the less trustworthy source, and also generated more cognitive responses when infor-

mation low in persuasiveness had been attributed to the more trustworthy source than 

to the less trustworthy source. 

Miles and Frewer (2002) investigated whether information about increased trace-

ability of genetically modified ingredients through the food chain, as legally required 

by the new deliberate-release Directive 2001/18/EC (see Chapter 1, above), would have 

a positive effect on consumer attitudes towards genetically modified foods. Altogether 

1150 consumer from Italy, Norway, and the UK participated in the study. The samples 

were split between two information conditions: participants in the traceability-

information condition received a page of information about traceability of GM mate-

rial, and new detection methods. Participants in the no-information condition did not 

receive this information. Contrary to the hypothesis, the authors could not observe an 

effect of receiving information about traceability or detection methods on consumer 

attitudes about risk, benefit, perceived control or trust.  

2.6.2. Effects of Naturalistic Communication Materials 

Peters (1998; also see Peters, 1999a, 1999b) used different kinds of media report-

ing as stimuli in an attitude change experiment involving a sample of altogether 400 

German consumers. Participants were confronted with four different newspaper articles 

and four different television features, dealing with issues like labeling regulations, 

contained use of genetically modified microorganisms in industrial applications, the 

difficulties associated with field trials of GM potatoes, destruction of GM crop field 

trials by opponents of the technology, and prenatal testing. Analysis of think-aloud 

protocols gathered in this study showed that consumers generated substantially more 

negative cognitive responses than positive ones, and that the evaluative tendency in the 

cognitive responses was significantly correlated with the initial attitudes of consumers 

(at sizes around r = .30).  

Although positive cognitive responses as such had higher effects on attitude 

change, the altogether higher number of negative responses neutralized this effect, 

resulting in an overall absence of attitude change. Furthermore, the author observed 
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that the number of negative cognitive responses was higher when the evaluative ten-

dency of the message was more positive. This suggests that communication that 

stresses only the benefits of biotechnology may provoke increased message scrutiny 

and active refutation of counter-attitudinal arguments in consumers when its evaluative 

tendency deviates substantially from the pre-existing attitudes held by consumers. 

Scholderer and Frewer (2003) confronted 1650 consumers from Denmark, Ger-

many, Italy and the UK with realistic communications materials of three different 

types: argumentatively balanced, general information about gene technology in food 

production (a glossy brochure), information about the modifications of a particular 

example product and the benefits arising from it (short product information sheets 

about a beer with environmental benefits and a yoghurt with health benefits), and con-

ventional product advertising (print adverts promoting the same beer and yoghurt 

products, appealing either to consumers’ innovativeness, or to their social values). 

Finally, a control group only saw the product examples without additional information. 

Compared to the control group, none of the information groups showed any changes in 

attitudes in response to the communication. No polarization or depolarization effects 

could be observed either. 

In the above study, consumers received the product examples for visual inspection 

only. In a small-scale study, involving 60 participants from the UK, Frewer, Howard 

and Shepherd (1996) had already investigated whether visual expectation of product 

examples as such would have an effect on consumers’ general evaluation of gene tech-

nology in food production. However, participants in the experimental group did not 

differ in their post-experimental attitudes from participants in a control group who had 

seen the same products without a GM label.  

Taken together, the results of attitude change studies suggest that simple mass-

communication techniques may not have enough persuasive power to actually change 

consumer attitudes towards genetically modified foods. Interestingly, the quality of the 

arguments put forward in the messages did not appear to have any influence at all in 

any of the studies. What did appear to matter, although not in terms of actual attitude 

change but in terms of cognitive elaboration, was the degree of counter-attitudinal 

arguing in the messages.  
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The Peters (1998) study, in particular, found that more negative cognitive re-

sponses were generated when the message was more positive. Purely benefit-oriented 

communications seemed to prompt a process of active refutation in the study partici-

pants, suggesting the possibility that in situations where not media reporting but com-

munications from a stakeholder group with vested interests are the materials, induced 

active refutation of the message content might backfire on the communicator. In the 

existing studies by Frewer and colleagues (1998, 1999) where the communication 

source had been experimentally varied, trust was treated as an exogenous variable, 

making it impossible to test such a hypothesis. In the Miles and Frewer (2002) study, 

no benefit arguments had been used, hence no such effects could be expected.  

2.7. Product Choice Experiments 

The final group of studies to be reviewed here is the smallest group. In a way this 

is an interesting fact in itself as, from a “non-academic” marketing point of view, atti-

tudes are not so much of interest in their own right but in their role as predictors of the 

behavior of consumers in the marketplace, i.e. the choices consumers are likely to make 

in the supermarket. Consumer choice of GM foods has been investigated in two ways, 

either using benefit segmentation methods, or experimental interventions. In addition to 

the mere three studies reviewed in detail below, some of the studies reviewed earlier in 

this chapter involved product choice tasks as well.  

In the laddering studies reported by Bredahl (1999) and Grunert et al. (2001) the 

participants were asked to rank a set of product alternatives according to their personal 

preference. In both instances, the rationale of the procedure was mainly to provide a 

realistic starting point for the laddering task; hence, the authors did not report more 

formalized analyses of the rankings than average ranks alone. The genetically modified 

alternatives were ranked lowest by the participants in both of the studies. 
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2.7.1. Benefit Segmentation Studies 

Frewer, Howard, Hedderley and Shepherd (1997) investigated the relative impor-

tance of production method and different benefit types in the product choices made by 

120 British consumers among novel cheeses. The production methods included genetic 

modification, protein engineering (altering the characteristics of microorganisms with-

out transferring genetic material), and traditional selective breeding. The benefits were 

directed towards the health of the consumer, product quality, the environment, animal 

welfare, or just the manufacturer. The authors conducted a benefit segmentation based 

on part-worths that had been estimated by means of conjoint analysis. A first segment 

of consumers (79% of the sample) made decisions based partly on production method, 

although tangible benefit was a more important factor. A second segment (19% of the 

sample) did not consider production methods as important, but tended to make deci-

sions based on consumer benefits alone. 

Deliza, Rosenthal, Hedderley, MacFie and Frewer (1999) used similar methods in 

a study where 120 British consumers had to choose between different kinds of vegeta-

ble oils, including oils that had been manufactured with the help of gene technology 

(the exact process was left unspecified). The product concepts had been generated from 

an incomplete factorial design including the factors brand familiarity, process technol-

ogy, and price. The authors conducted benefit segmentation based on part-worths that 

had been estimated by means of conjoint analysis. Two consumer segments emerged. 

The first segment of consumers (20% of the sample) made decisions based mainly on 

the price of the oils. In this segment, the GM processing technology had a small nega-

tive part-worth, but due to the low relative importance (22%) of the attribute “process-

ing technology”, consumers in this segment could be judged GM-tolerant. The second 

segment (67% of the sample) made decisions based almost exclusively on processing 

technology (relative importance: 93%). In this segment, the GM processing technology 

had a large negative part-worth.  
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2.7.2. Intervention Studies 

Scholderer and Frewer (2003) investigated whether different approaches to the 

communication of benefit (see section 2.6.2; above) would influence the probability of 

consumers’ choosing a genetically modified product from among a set of alternatives 

that also included several conventional products. Whilst no attitude change had been 

observed in this study, the communication materials had a striking effect on consum-

ers’ choice behavior: all types of communication had a significant negative effect on 

the probability of consumers’ choosing the genetically modified alternative, and the 

effect was uniform across all experimental conditions (see Figure 2.14). We interpreted 

the effect in terms of attitude activation: whilst the communication materials could not 

actually change consumers’ attitudes towards GM foods, they appeared to make con-

sumers more aware of actually having such attitudes, which then seemed to prompt 

increased consistency between attitude and product choice. 
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Figure 2.14. Uniform negative effect of different benefit communication strategies on consumers’ 

product choices (adapted from Scholderer & Frewer, 2003, p. 146). 



 Chapter 2: Previous Research 62 

It is a bit questionable how much can be learned from the benefit segmentation 

studies reported first. A problem in such designs is always that the relative importance 

of a factor in a conjoint design is a function of the number of factors included in the 

design. If only two or three factors are varied in the design, as was the case in the 

Frewer et al. (1997) and Deliza et al. (1999) studies, the estimate of the relative impor-

tance of each factor must be inflated as compared to its “true” relative importance in 

the marketplace (Louvière, 1994). Furthermore, the samples in the two studies were 

convenience samples and so small that reliable estimates of segment sizes were impos-

sible.  

The intervention study by Scholderer and Frewer, on the other hand, was interest-

ing in the way that the results suggested that purely benefit-oriented communication 

might indeed backfire on the communicator, possibly due to the mechanisms suggested 

in the previous section (see Chapter 2.6.2; above). We did not investigate the particular 

mechanics of the effect in that study though, hence more research about its nature will 

be part of one of the studies to be reported later in this volume (see Chapter 7; below). 

2.8. Preliminary Conclusions and Unresolved Questions 

In the beginning of this chapter, we outlined the historical roots of research on con-

sumer attitudes towards genetically modified foods in Europe. Prompted by the realiza-

tion that the emergence of modern biotechnology would have wide-ranging impacts on 

the operation of several industry sectors, including agriculture, food manufacturing, 

and food processing, the governments of the Netherlands, Germany and Denmark 

started a series of technology assessments in the late 1980s (see Bauer, 1995; Hamstra, 

1992, 1998).  

Since these early days, the field has virtually exploded. It is interesting to note, for 

example, that practically identical public opinion research has been funded in parallel 

on the EU level and on the national level, effectively duplicating the findings. This may 

be interpreted as the result of a legitimacy crisis in the governance of biotechnology 

(see Busch et al., 1991; Jensen & Sandøe, 2002; Krimsky, 1991; Lassen et al., 2002; 

Levidow & Marris, 2001; Torgersen et al., 2002): governments have realized, although 
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relatively late in the process, that the voice of those who are in the end supposed to 

actually buy and consume genetically modified foods, should be heard at some point in 

the process as well. This reflects a general trend towards more open and inclusive 

approaches to governance and policy-making in the political-administrative arena 

(European Commission, 2002; Frewer et al., 2004; Renn, 1998a, 1998b; Salter & 

Frewer, in press; Wynne, 2001) and increased market orientation in agriculture and 

food manufacturing in the agribusiness sector (Grunert, Hartvig Larsen, Madsen & 

Baadsgaard, 1996). 

In the review above, it became apparent that the paradigmatic orientation of re-

search on consumer attitudes towards genetically modified foods has changed over the 

years. In the early days, virtually all research understood itself as technology assess-

ment, and communication objectives were framed in terms of public understanding of 

science (Bauer & Bonfadelli, 2002). In current research, both terms have more or less 

disappeared. Interdisciplinary consumer research has become the new term of reference 

(Frewer et al., 2004). However, consumer research is as diverse as the disciplinary 

origins of the researchers who are active in the field. Hence, it is not surprising that a 

variety of methods has been used to investigate consumer attitudes towards genetically 

modified foods. Despite the different methodologies, however, a number of preliminary 

conclusions can be drawn. 

The first point of convergence is the level of complexity on which genetically 

modified foods are cognitively represented by consumers. Qualitative research (e.g., 

Bredahl, 1999; Grunert et al., 2001; Hamstra & Feenstra; 1989; Schütz et al., 1999) as 

well as quantitative research (Bredahl, 2001; Brüggemann & Jungermann, 1998; Mid-

den et al., 2002) suggests that the object of consumers’ attitudes is the technology as 

such, represented as an abstract concept, rather than as a variety of different products 

and applications.  

The second point of convergence, related to the first, is the level of complexity on 

which evaluations are made. Actual beliefs as they are commonly understood in atti-

tude research (see Fishbein, 1963, Fishbein & Ajzen, 1975) are rarely found in qualita-

tive data. Instead of attributes of the object itself, as classical belief-based models of 

attitude would assume, consumer evaluations appear to be predominantly made through 
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references to even more abstract attitude objects such as health, environment, animal 

welfare or producer power (Bredahl, 1999; Grunert, 2001, Miles & Frewer, 2001) 

where the particular implication between one and the other is left unspecified (Schütz 

et al., 1999). Consistent with this, factor analyses of sets of beliefs usually find that just 

two dimensions are sufficient to represent the covariation among the beliefs (Bredahl, 

2001; Hamstra, 1991; Midden et al., 2002; Saba & Vassallo, 2002), suggesting a fairly 

high level of redundancy in the belief sets. 

The third point of convergence is that attitudes towards genetically modified foods 

are strongly related to other, more general socio-political attitudes, including attitudes 

towards environment and nature (Bredahl, 2001; Frewer et al., 1997; Hamstra, 1995; 

McCarthy & Vilie, 2002), attitudes to science and modern technology (Borre, 1990a; 

Bredahl, 2001; Hamstra, 1991; McCarthy & Vilie, 2002; Sparks et al., 1994), and 

social trust, i.e. the willingness to rely on institutions that regulate emerging technolo-

gies and manage their risks (Siegrist, 2000). This is highly consistent with the conclu-

sion made above about the level on which evaluations are made: the objects of these 

general socio-political attitudes are often the same as the abstract concepts to which 

gene technology is related in investigations of belief content. 

The fourth point of convergence is that attitudes towards genetically modified 

foods appear utterly resistant to persuasion. None of the six attitude change studies 

reported in the literature have been able to change consumer attitudes through commu-

nication (Frewer et al., 1996, 1998, 1999; Miles & Frewer, 2002; Peters, 1998; 

Scholderer & Frewer, 2003). The results even suggest that the more such communica-

tion relies on benefit arguments, the more active refutation of the arguments is 

prompted in consumers. Scholderer and Frewer’s (2003) product choice experiments 

even suggest that this may backfire on the communicator in terms of non-attitudinal 

aspects of consumer behavior. In this particular instance, reduced purchase probabili-

ties had been found in all groups where consumers had been exposed to benefit com-

munication although no attitude change had occurred. 

Despite these points of convergence, a number of unresolved questions remain. 

First of all, there is considerable inconsistency in virtually all published research re-

garding the interpretation of attitude structures. On the one hand, several studies explic-
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itly conclude that the complexity of beliefs about and attitudes towards genetically 

modified foods is low (e.g., Bredahl, 2001; Frewer et al., 1997; Saba et al., 1998; Mid-

den et al., 2002; Schütz et al., 1999). Although this clearly suggests a categorical judg-

ment on the level of the general technology, the authors maintain without exception that 

consumers’ overall attitudes are formed on the basis of a risk-benefit trade off. In the 

different studies, this is either assumed explicitly (e.g., Bredahl, 2001; Hampel, 1999; 

Midden et al., 2002; Siegrist, 2000) or implicitly through the assumption of a composi-

tional, belief-based attitude formation process (e.g., Sparks et al., 1995; Saba & Vas-

sallo, 2002). Even in those instances where the modeling results clearly indicated that 

risk and benefit were not operationally independent from each other (Bredahl, 2001; 

Siegrist, 2000), the authors did not question the viability of the assumption that such a 

risk-benefit trade-off exists.  

Hence, the first unresolved problem that can be diagnosed from our review is that 

assumptions have been made on a-priori grounds that may have been wrong. This is 

somewhat surprising as bottom-up, belief-based models of attitude structure enjoy 

relatively little popularity among social psychologists. The most damning judgment of 

the belief-based approach is probably McGuire’s (1989) famous invective that “its 

commonsensicality makes it easily understood, a characteristic welcome to the masses. 

It is easily quantified, a feature as welcome to the classes as simplicity is to the masses. 

Also, the model is easily elaborated by additional factors, and is easily applied to prac-

tical situations. With all these popular features, the model deserves to be true, but 

sadly, it is not. It typically accounts for a proportion of the variance that is statistically 

significant, but is paradoxically small in view of its a priori obviousness” (McGuire, 

1989, p. 42). Hence, one of the research questions to be investigated here will be 

whether other models of attitude structure will provide a more accurate description of 

the way consumers evaluate GM foods. 

 The second unresolved question concerns the mechanics of the process through 

which consumers resist persuasive attempts. The available data suggest that an active 

refutation process is prompted when benefit-oriented communication argues against 

consumers’ pre-existing attitudes. The surface consequences have been identified, 

including increased production of negative cognitive responses (Peters, 1998) and 
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decreased probabilities that an actual GM product will be purchased (Scholderer & 

Frewer, 2003). How this affects the structure and dynamics of the underlying attitude 

system is as yet unknown. Hence, another research question to be investigated here will 

be how the wider system of attitudes to which consumers’ attitudes to GM food are 

linked, is affected by benefit communication in dimensions other than attitude change.  

Given that attitude change by means of persuasive communication appears to be a 

fruitless task, the third and managerially most troubling problem yet to be resolved is 

what else can be done to change consumers’ attitudes towards genetically modified 

foods. As we will argue in the next chapter, the building of an alternative attitude sys-

tem may be the only way to circumvent the effects observed by Peters (1998) and 

Scholderer and Frewer (2003). Such an attitude system, we will argue, should be based 

on direct experience with high-quality products, creating positive hedonic experience 

(Mela, 2001) in consumers.  

Surprisingly, hedonic factors have never been investigated in any of the studies re-

viewed in this chapter. Given that the object of inquiry was food, this is extremely 

surprising as the experienced taste of a food (i.e., the evaluation of the overall hedonic 

experience gathered from ingesting it) is generally considered by far the most important 

factor in the formation and stabilization of consumer preferences for particular food 

products (Brunsø, Fjord & Grunert, 2002; Rozin & Vollmecke, 1986). Clearly, the joint 

investigation of such diverse influences as general socio-political attitudes on the one 

hand and hedonic experience on the other hand, will require an appropriate theoretical 

framework.  

Although general classifications and typologies exist (e.g., the total food quality 

model, developed by Grunert et al., 1996), these are not theories in the sense that they 

predict unique outcomes, given a particular configuration of independent variables. As 

Shepherd (2001) has remarked, a theory that can be used for a joint analysis of the 

different types of influences on consumer’s food choices does not exist. The following 

chapter does not attempt to solve this problem. However, we will outline a general 

theoretical framework in which several of these processes are embedded. 



 

3. Structure and Dynamics of Systems of Attitudes: A 

Theoretical Reconstruction 

3.1. Overview 

Throughout the history of social psychology, the concept of attitude has been at the 

cornerstone of theory and research, both in the laboratory and in applied fields (Ajzen, 

2001; Eagly & Chaiken, 1993; Greenwald, 1989; Petty, Wegener & Fabrigar, 1997; 

Wood, 2000). This is no different in the relatively young discipline of consumer re-

search (Simonson, Carmon, Dhar, Drolet, & Nowlis, 2001). The final conclusion drawn 

from the previous chapter, where we reviewed existing research on consumer attitudes 

towards genetically modified foods in Europe, was that a viable theory has been lack-

ing that could constructively guide research.  

By far most of the studies we discussed had been conducted without any theoreti-

cal frame of reference. Other studies utilized approaches that are descriptive in nature, 

such as the psychometric approach to perceived risk (Slovic, Fischhoff & Lichtenstein, 

1980), but do not include any of the hallmarks of genuine theory, such as definitions of 

variables, statements about their interrelationships, and predictions of observable con-

sequences (see Sjöberg, 2002a; Wåhlberg, 2001). Finally, those few studies that actu-

ally made explicit references to a theoretical framework used the most commonsensical 

approaches, i.e. the Fishbein-Ajzen theories of reasoned action (Fishbein & Ajzen, 

1975) and planned behavior (Ajzen, 1991).  

Both are somewhat trivial in the sense that they provide little guidance as to how a 

modeling result can be acted upon (McGuire, 1989), in particular if the central concept 

of both theories, intention-behavior consistency, was not investigated because the 

designers of a study failed to measure actual behavior in their study. Other studies were 



 Chapter 3: Theoretical Reconstruction 68 

concerned with attitude change, as opposed to attitude structure. These studies tended 

to use the eclectic framework of Petty and Cacioppo’s (1986) elaboration likelihood 

model. The scope of this theory is communication which is indeed persuasive. It does 

not cover processes of resistance to persuasion (Eagly & Chaike, 1995) or the effects 

which failure to persuade may have on subsequent processes in the receiver of the 

communication, or the wide variety of non-communicative means of influencing some-

one’s attitude.  

3.1.1. Guiding Principles  

The aim of the following sections is to construct a more useful framework for the 

analysis of such phenomena. In the development of the theory, we will build on three 

guiding principles that have revitalized social-psychological attitude research after a 

long period of stagnation (Wood, 2000). The first of these principles is McGuire’s 

programmatic statement that attitudes can only be properly understood when a systems 

perspective is adopted (McGuire, 1989, 1990; McGuire & McGuire, 1991). The main 

thread of McGuire’s argument is that attitudes are evaluations of social objects. These 

objects are not monadic entities in a vacuum – on the contrary, they are intricately 

connected to a large number of other social objects, and so are their evaluations. Ana-

lyzing attitudes on a piecemeal basis, he concludes, makes therefore little sense if the 

aim of the analysis is to understanding the structure, function and dynamics of atti-

tudes.  

The second guiding principle is Eagly and Chaiken’s (1993) suggestion that two 

levels of analysis should be distinguished when the structure of attitude systems is 

investigated: the level of inter-attitudinal structure, and the level of inter-attitudinal 

structure. Intra-attitudinal structure stands for the basic constituents of a single attitude: 

the attitude object, and the evaluation of that object. The aim of analysis on this level is 

to assess how the object and the evaluation are cognitively represented and organized. 

Inter-attitudinal structure stands for the interrelationships between a focal attitude and 

other attitudes in a person’s attitude system. The aim of analysis on this level is to 
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assess the pattern of these interrelationships and how this pattern helps a person make 

sense of social objects. 

The third guiding principle is Pratkanis, Breckler and Greenwald’s (1989) revitali-

zation of the functional analysis of attitudes, going back to the classical treatment by 

Katz (1960). An attitude, the argument goes, can only be properly understood when we 

look at the functions it has for an individual. Does it, for example, serve orientation or 

value-expressive purposes? If such functions can be assessed, the argument continues, 

it will also be possible to understand why certain attitudes are easily influenced by 

particular types of arguments, whilst others are utterly resistant to persuasive attempts. 

Hence, functional analysis provides the tools for matched social influence attempts.  

3.1.2. Definition of an Attitude 

In the end of Chapter 1, we presented a working definition for the purposes of the 

review. This was Eagly and Chaiken’s definition of an attitude as “a psychological 

tendency that is expressed by evaluating a particular entity with some degree of favor 

or disfavor” (Eagly & Chaiken, 1993, p. 1). Somewhat typical for textbook definitions, 

it is the lowest common denominator shared by different approaches that have been 

advanced in a hundred years of attitude research. For the sake of theory construction, a 

more precise definition will be required. In the following, we shall understand attitudes 

in the same sense as modern social cognition approaches do (cf. Kunda, 1999; Fiske & 

Taylor, 1991).  

In particular, we will follow Fazio’s concept of attitudes as object-evaluation asso-

ciations: “An attitude is essentially an association between a given object and a given 

evaluation. This evaluation may range in nature between a very hot affect (associated 

with a strong emotional response) to a cold, cognitively based judgment of the favora-

bility of the attitude object” (Fazio, 1986, p. 204). This definition has the specific ad-

vantage that an attitude is understood as a memory structure. Hence, intra- and inter-

attitudinal structures can be expressed and analyzed in terms of associative network 

models of cognition (Anderson, 1983).  
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Figure 3.1. Levels of analysis in a systems-of-attitudes perspective. 

 
 

An attitude object is represented as a node within this network, and so is an evalua-

tion. An attitude towards an object is said to exist when there is an association between 

an object and an evaluation. The framework allows a number of structural features to 

be encompassed. One of these is attitude strength: in Fazio’s (1986, 1989) perspective, 

strong attitudes consist of many object-evaluation associations, weak attitudes of few. 

The partial network formed by a focal object and the evaluations associated with the 

focal object defines the boundaries of intra-attitudinal structure. Moreover, an object 

can be associated with other objects. The partial network formed by these object asso-

ciations and their respective object-evaluation associations defines the boundaries of 

inter-attitudinal structure. Our framework for the analysis of attitude systems is de-

picted in Figure 3.1. 
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We will start our treatment of the structure of attitude systems on the molecular 

level of beliefs. In terms of Eagly and Chaiken’s (1993) distinction between different 

levels of analysis, we shall refer to this level as intra-attitudinal structure, and interpret 

different models of intra-attitudinal structure according to Fazio’s (1986, 1989) asso-

ciative network representation. Theories of intra-attitudinal structure aim to define what 

an attitude is. This entails certain assumptions about the atomic components of an 

attitude, and how these are related to each other.  

Historically, quite a number of different theories have been advanced. These can 

roughly be grouped into three types of models: belief-based models, dimensional mod-

els, and functional approaches (Eagly & Chaiken, 1993). Belief-based and dimensional 

models make unique assumptions about the structure of an attitude, whilst functional 

approaches are eclectic in the sense that an attitude can have different structures, de-

pending on the function it serves and on the circumstances under which it was formed.  

3.2. Belief-based Models of Attitude  

Belief-based models of attitude are virtually omnipresent in consumer research. 

The way products are conceptualized in marketing, for example, is indistinguishable 

from the way belief-based models assume an attitude to be structured (Peter, Olson & 

Grunert, 1999). Belief-based models first appeared in social psychology in the mid-

1950s (Rosenberg, 1956), at a time where multi-attribute utility models were at the 

height of fashion in all areas of microeconomics and psychology (for an overview, see 

Simon, 1959). The rational choice principle inherent in these models was applied to 

attitudes as well. The prototypical example is Fishbein’s (1963) formulation. The 

model assumes that an attitude object is not evaluated on the object level but in terms 

of its attributes:  

 AO   =  
Q

 Σq = 1
 bq eq , (3.1) 

where AO is a person’s attitude towards an object, bq is the belief that the object has 

attribute q, expressed as a subjective probability, eq is the evaluation of attribute q, and 
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Q is the number of salient (or, in more modern terms, accessible; see Ajzen, 2001) 

attributes on which the object is represented.  

3.2.1. Assumptions about Directionality in Intra-attitudinal Structure 

The model makes a number of distinctive assumptions (Anderson & Fishbein, 

1965; Fishbein, 1963, 1966; Fishbein & Hunter, 1964; Fishbein & Ajzen, 1975). Above 

all, the model has a bottom-up or compositional structure: attitudes are assumed to 

emerge from beliefs and evaluations. Second, it has a subjective utility structure, con-

sistent with models of technical rationality (Yi, 1989). Third, it assumes that only 

salient beliefs contribute to the formation of the attitude: the respective memory struc-

tures have to be activated (Kallgren & Wood, 1986). Fourth, the aggregation rule is 

summation: the more beliefs of the same valence are active, the more extreme the 

attitude becomes (Anderson, 1971). Finally, the attitude is assumed to evolve automati-

cally if salient beliefs exist (Ajzen, 2001). Certain details of the models have been 

heatedly discussed. One of these details was Rosenberg’s (1956) earlier suggestion to 

use instrumentalities for the attainment of a particular objective instead of beliefs about 

the existence of an attribute, another one was Anderson’s (1971) suggestion to use an 

averaging rule instead of a summation rule in the aggregation formula. However, the 

basic structure remained unchanged.  

Important for the present analysis are two assumptions of the model: that evalua-

tions are made on the levels of the attributes of the object (and not on the level of the 

object itself), and furthermore, that the attitude is assumed to evolve in a bottom-up 

aggregation process from the evaluations made on the attribute level. Using the graph 

notation introduced before, the model can be depicted as in Figure 3.2. In terms of 

Fazio’s (1986) conceptualization, it can be seen that the intra-attitudinal structure is 

already a relatively complex network of associations in itself. Attitude objects are 

represented as sets of associations between an object and a set of attributes. The 

strength of the association between an object and a given attribute would be equivalent 

with Fishbein’s (1963) original notion of belief strength. Most importantly, the “ob-

jects” to which evaluations are associated in this model are actually the attributes.  
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Figure 3.2. Intra-attitudinal structure as assumed by belief-based models of attitudes. 

 

The original attitude object does not enter the process in any other way then through 

the strength of its associations with the respective attributes. In order to clarify this, we 

shall refer to the final output of such a process as an aggregate evaluation. 

3.2.2. Assumptions about the Complexity of Intra-attitudinal Structure 

The model does not contain any a-priori assumptions about the origin of beliefs or 

evaluations (Hackman & Anderson, 1968). Hence, they may originally have evolved 

from any process ranging from the simplest ones such as associative learning or he-

donic experience to the most complex ones such as reasoning, as long as these have 

gained a cognitive representation at some point in time (Fishbein & Ajzen, 1975). A 

consequence of this is that the beliefs contributing to an attitude will be highly hetero-

geneous and independent from another if they are founded on diverse and rich experi-

ence with, and inferences about, the attributes of the object. Prompted by Rosenberg 
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and Abelson (1960), a heated debate ensued at the time about the viability of this as-

sumption. Social psychology was dominated by theories of cognitive consistency then 

(Cartwright, 1956; Heider, 1944, 1946, 1958; Festinger, 1954, 1957; see below), a 

perspective from which it appeared rather unlikely that individuals would tolerate a set 

of highly inconsistent evaluations of attributes of the same attitude object within their 

cognitive representations of that object. 

The debate went back and forth for a while (e.g., see Anderson & Fishbein, 1965; 

Fishbein, 1966; Freedman, 1968; Insko & Schopler, 1967; Rosenberg, 1965, 1968) and 

even resurfaced from time to time during later years (e.g., Chaiken & Baldwin, 1981; 

Chaiken, Pomerantz & Giner-Sorolla, 1995; Norman, 1975). The conclusion from this 

debate can probably be best summarized by “it depends” – the degree of consistency 

between evaluations of and beliefs about the presence of attributes can vary. It depends 

mainly on the mode of belief formation. If beliefs are indeed formed from heterogene-

ous experiences where little cognitive influence was involved, belief sets may indeed 

be as heterogeneous as the Fishbein camp maintained they could (Hackman & Ander-

son, 1968).  

If, on the other hand, beliefs about attributes were mainly inferred in a deductive 

manner from pre-existing attitudes, they will be highly consistent with evaluations of 

these attributes because their common source is a pre-existing attitude. In such a case, 

however, a belief-based, bottom-up model would not actually be an adequate represen-

tation of intra-attitudinal structure in the first place (Chaiken et al., 1989). Hence, 

belief-based models only apply to attitude objects that do in fact have a complex cogni-

tive representation in terms of different attributes, whilst other models of attitude struc-

ture should be applied when that is not the case.  

3.3. Dimensional Models of Attitude 

Quite the opposite approach as compared to belief-based models is taken by what 

is commonly referred to as “dimensional” or top-down models of intra-attitudinal 

structure. The generic terms stand for social judgment theory (Sherif & Hovland, 1961; 

Sherif & Sherif, 1967), the framework from which the concepts of assimilation and 
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contrast, expectancy disconfirmation, and involvement originated. The central tenet of 

the theory is that all incoming stimuli of attitudinal relevance are evaluated in terms of 

a bipolar dimensional schema.  

3.3.1. Assumptions about Directionality in Intra- and Inter-attitudinal Structure 

In this theory, individuals are never understood as being entirely without precon-

ceptions. Every incoming stimulus of attitudinal relevance is evaluated relative to the 

preexisting position of the self on the evaluative dimension. This preexisting position is 

the person’s existing attitude at the particular point in time. Around this position, a 

latitude of acceptance is assumed to exist (Sherif & Sherif, 1967). If the incoming 

stimulus is a belief statement, and it does not deviate substantially from the person’s 

preexisting attitude, it will fall into the latitude of acceptance and will be assimilated. If 

the belief statement does substantially deviate from the person’s pre-existing attitude, it 

is assumed to fall into a latitude of rejection. Between these latitudes, a third one is 

assumed to exist, the latitude of non-commitment. If a belief statement falls into the 

latitude of non-commitment, indifference will result. The width of these latitudes has 

been shown to vary inter-individually, depending on a person’s involvement (Eagly, 

1967; Hovland, Harvey & Sherif, 1957)  

The same process is assumed to underlie the formation of an attitude towards a 

new object. In most instances, people will invoke a dimensional schema that can posi-

tion a new object relative to some other object for which an evaluative position already 

exists. Fiske and Neuberg (1990) have shown that individuals use category-exemplar 

relationships for this purpose if evaluations of more directly associated objects are not 

available: the new attitude object is construed as an exemplar of a more general cate-

gory of objects. The person’s attitude towards the category-level object (or, alterna-

tively, the prototypical object from within the category) will then define valence and 

extremity of the person’s attitude towards the novel object.  

 

 



 Chapter 3: Theoretical Reconstruction 76 

EvaluationA

ObjectB

EvaluationB

ObjectA

ObjectC

EvaluationC

Bipolar evaluative continuum

Existing 
object-evaluation
association

New 
object-evaluation
association

EvaluationA

ObjectB

EvaluationB

ObjectA

ObjectC

EvaluationC

Bipolar evaluative continuum

Existing 
object-evaluation
association

New 
object-evaluation
association

 

Figure 3.3. Intra- and inter-attitudinal structure as assumed by dimensional models of attitudes.  

 

 

For the present analysis, there are again two features of the theory that are of im-

portance: that evaluations are made on the level of the attitude object, and that evalua-

tions are always made relative to pre-existing evaluations. Using the graph notation 

introduced above, the model can be depicted as in Figure 3.3. In this notation, it be-

comes clear that social judgment theory is essentially a theory of inter-attitudinal struc-

ture. Attitudes are never understood as monadic, isolated phenomena. Pre-existing 

attitudes always serve as judgmental anchors relative to which incoming stimuli are 

evaluated and new attitudes are formed. Hence, the theory already incorporates many 

aspects of a systems approach to attitudes as programmatically called for by McGuire 

(1989, 1990; McGuire & McGuire, 1991).  

Furthermore, social judgment theory is essentially dynamic. Attitude formation 

and change are conceptualized in terms of the same processes, and the emergence of 

attitude structures follows directly from the way belief statements, or whole attitude 

objects, are evaluated relative to existing ones. Because of this we shall refer to the 
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structures evolving from such a process as “top-down” models” of intra- and inter-

attitudinal structure, in contrast to belief-based models, which we will refer to as “bot-

tom-up” models.  

The evaluative schema is assumed to be invoked anew for each set of objects that 

are evaluated relative to each other. Hence, for any domain-specific attitude structure 

(and, as said above, this applies to intra- as well as inter-attitudinal structures as they 

are treated in the same way by the theory), there is a common dimension on which the 

attitude object and all belief statements about the attitude object are evaluated. Each 

belief statement is evaluated based on its distance to the attitude object on that dimen-

sion. To make this aspect clear and distinguish it from the term “aggregate evaluation” 

which we had introduced for the output of a belief-based, bottom-up evaluation proc-

ess, we shall use the term “heuristic evaluation” for the underlying dimension govern-

ing a top-down evaluation process. 

3.3.2. Assumptions about Complexity in Intra-and Inter-attitudinal Structure 

A problem arises from the fact that the terms of the theory are defined on the indi-

vidual level. As shown by Kerlinger (1984), the individual-level properties of the heu-

ristic evaluation dimension are not invariant when aggregation over individuals takes 

place. In particular, Kerlinger (1984) has shown that, among people with opposing 

attitudes towards an issue, belief statements endorsing the opposite view often do not 

fall into people’s latitudes of rejection but into their latitudes of non-commitment. A 

person with a strong negative preexisting attitude towards gene technology, for exam-

ple, might find the argument that an application of the technology has certain benefits 

in quality management not so much offensive but merely besides the point.  

A person with a strong positive preexisting attitude towards gene technology, on 

the other hand, might find the argument that gene technology interferes with the order 

of nature not so much counter to his or her own attitude but merely irrelevant, for ex-

ample because he or she does not subscribe to a quasi-religious view of nature. As 

Kerlinger (1994) has demonstrated for a large number of data sets, the observable 

empirical result that is obtained when such mixtures of heuristic evaluations are aggre-
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gated over individuals is a two-dimensional factor structure instead of the one-

dimensional structure that would normally be expected based on the theory. Hence, 

factorial structures with one as well as two dimensions can be regarded as equally 

indicative of a heuristic, top-down attitude structure. 

3.4. The Functional Approach 

The functional approach to attitudes (for overviews, see Maio & Olson, 2000; 

Pratkanis, Breckler & Greenwald, 1989) is not actually a theory of attitude structure in 

the way that belief-based models and dimensional models are, which make distinctive 

assumptions about the directionality and dimensionality of intra-attitudinal structures. 

Rather, the functional approach synthesizes the opposing models under a common 

framework, specifying the conditions under which one of them is to be found and under 

which the other. In a way, the philosophy of such a “contingency approach” is not 

unlike the philosophy behind modern, eclectic models of attitude change, such as the 

elaboration likelihood model (Petty & Cacioppo, 1986) and the heuristic-systematic 

model (Chaiken, 1987). 

3.4.1. Attitudes with Purposes 

The functional approach to the analysis of attitudes was initiated by Katz (1960; 

Katz & Stotland, 1959). The basic idea of the approach is that attitudes serve distinct 

purposes for individuals6. In the original treatment, Katz (1960) outlined four basic 

functions attitudes may have: a utilitarian function, an ego-defensive function, a value-

expressive function, and a knowledge function. The utilitarian function is defined in 

terms of instrumentality: utilitarian attitudes help an individual achieve his or her goals 

and avoid failures. The ego-defensive function is defined in terms of the self: ego-

                                                 
6 The whole approach is not unlike means-end chain theory (Reynolds & Gutman, 1984, 1988) in 

this way but somewhat more inclusive. Quite surprisingly the connection between the two approaches is 

hardly ever made.    
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defensive attitudes help an individual maintain the integrity of his or her self-concept in 

situations where the self is threatened. The value-expressive function is defined in 

terms of other attitudes: value-expressive attitudes enable an individual to express more 

general and deeply held attitudes and values by forming attitudes towards a specific 

object in a way that makes them evaluatively consistent with the more general attitudes 

and values. Finally, the knowledge function is defined in terms of orientation purposes: 

attitudes with a knowledge function serve an individual as an orienting schema in the 

evaluation of objects for which factual knowledge or experience do not as yet exist. 

The utilitarian and ego-defensive functions encompass well-researched mecha-

nisms adopted from Festinger’s (1954, 1957) theory of cognitive dissonance. Of more 

interest to the present analysis are the value-expressive and knowledge functions. Both 

are consistent with social judgment theory’s top-down approach to attitude structure, 

which was outlined above (Fiske & Neuberg, 1990; Sherif & Hovland, 1961; Sherif & 

Sherif, 1967). In the case of value-expressive as well as knowledge functions, evalua-

tions of a specific novel object are formed based on existing attitudes towards other, 

more general objects. However, and here the distinction bears crucial relevance for the 

attitude object investigated in the present research (GM foods), the more general ob-

jects to which a novel object is related will differ markedly between the two functions.  

3.4.2. Value-expressive Attitudes and their Strength 

In the case of value-expressive attitudes, the general objects are highly abstract en-

tities or personal goals with strong relevance to the self. As shown by Sherif and Hov-

land (1961), such attitudes are highly personally involving, which in turn invokes 

narrow latitudes of acceptance and narrow latitudes of non-commitment. Therefore, 

attitudes with relatively high extremity are formed towards a novel object even if the 

evaluation of that object falls just outside the latitude of acceptance in absolute terms. 

In the terminology of social judgment theory, the attitude towards the new object is 

contrasted away from the individual’s pre-existing attitude towards the more general 

object.  
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If such a process were involved in the evaluation of the attitude object “GM 

foods”, it is therefore possible that even small discrepancies to the evaluative position 

of attitude objects like “environment” or “nature” are amplified through such a process, 

resulting in a strong opposing attitude. Furthermore, the narrow latitudes of acceptance 

will make it virtually impossible for an even slightly counterattitudinal statement to be 

accepted by the individual. Hence, strong resistance to persuasive attempts can be 

predicted (Eagly & Chaiken, 1995; Maio & Olson, 2000). The same prediction would 

be made by other consistency models of attitude, such as balance theory (Heider, 1944, 

1956, 1958).  

Two situations have been suggested by Katz (1960) under which value-expressive 

attitudes are likely to change. The first of these is when the underlying value systems 

change so that the attitude is not functional anymore in expressing them. Quite obvi-

ously, this is not a road that can realistically be taken by social influence attempts 

operating with a short time horizon. The second possibility is when people are offered a 

better means to express their values. This possibility has subsequently been linked to 

the notion of symbolic politics (Sears, 1993; Herek, 2000). From this perspective, one 

might interpret biotechnology as the successor of nuclear power in the role of a sym-

bolic representation or embodiment of hazardous technologies in general (Bauer, 

1997). The road for social influence attempts would be to somehow “pass the buck”, 

that is, try to shift public attention to another issue that has the potential to engage the 

same system of fundamental attitudes and values in members of the public. 

In either case, it would be quite clear why previous attempts to change consumer 

attitudes towards GM foods by means of persuasive communication have not suc-

ceeded. Deliberately changing a person’s value systems requires nothing short of brain-

washing (O’Keefe, 2002) and is therefore clearly impossible in terms of ethics as well 

as practicality. Be that as it may, an assessment of the functional properties of con-

sumer attitudes to GM foods appears necessary. If the assessment indicates that the 

attitudes are predominantly value-expressive, it will at least be known that there is little 

point in trying to change them by means of simple benefit communication strategies, 

and that other, non-communicative means will have to be found.  
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3.4.3. Attitudes with Knowledge Functions and their Strength 

In the case of attitudes with a knowledge function, the general attitude objects to 

which a novel object is related are likely to be in a category-exemplar relationship with 

the novel object (Fiske & Neuberg, 1990; Sherif & Sherif, 1967). These can be as-

sumed less involving as they are not necessarily of any relevance to the self; they may 

even have neutral positions on the bipolar evaluative schema. Hence, the latitudes of 

acceptance and non-commitment will be relatively broad. Therefore, the attitude to-

ward the novel object will be strongly assimilated towards the preexisting attitude even 

if the evaluation of the novel object falls on a position far away on the evaluative con-

tinuum. In the terminology of social judgment theory, the attitude towards the novel 

object is assimilated towards the preexisting attitude. Furthermore, the wide latitudes 

of acceptance will make it relatively easy for a counter-attitudinal argument to be 

accepted by the individual.  

In addition to suggesting that attitudes with knowledge functions are relatively 

weak in the first place and therefore much more open to social influence attempts, Katz 

(1960) suggested that the introduction of ambiguity might destabilize a knowledge 

function. Information or events that cannot be fitted in the orienting schema provided 

by the attitude will indicate that the attitude is not functional any more in serving that 

purpose, and make attitude change more likely. If this were the case with attitudes to 

GM foods, one might expect that at least the occasional attitude change experiment 

should have been successful in changing such a weak attitude. From existing research 

(see Chapter 2), it appears therefore relatively unlikely that the attitudes only serve 

knowledge functions. Nevertheless, this will be one of the research questions to be 

investigated later on. 

3.5. A Proposed Structure of the Attitude System 

The crucial issue for the present research is whether a bottom-up model or a top-

down model of attitude structure is a more appropriate representation of European 

consumers’ attitudes towards genetically modified foods, and whether they serve value-



 Chapter 3: Theoretical Reconstruction 82 

expressive or knowledge purposes. From the review of existing research presented in 

Chapter 2 (see above), the question about the directionality in consumers’ attitude 

structures cannot be fully answered; too much of the research made a-priori assump-

tions about the existence of bottom-up or top-down processes instead of testing them. 

Furthermore, the bottom-up and the top-down structures are not actually mutually 

exclusive. The framework model used in this chapter, Fazio’s (1986, 1989) concept of 

attitudes as object-evaluation association, allows for a multitude of evaluations to be 

associated with the same object. Some of these object-evaluation associations may be 

bottom-up, some of these may be top-down. The particular “mixture” of bottom-up and 

top-down associations that constitutes an overall attitude at a given time depends on 

way the attitude was formed, and the pattern of activation that occurs within the sys-

tem.  

3.5.1. Evidence from Existing Research  

Certain classes of object-evaluation associations can be assumed to dominate over 

others, depending on whether it is logically possible that they have actually been 

formed by consumers. In particular, we assert that it is near impossible for European 

consumers to have personal experience with genetically modified foods. Hence, the 

factor that is generally regarded the strongest determinant of accessible bottom-up 

structures in attitudes (Fazio, 1989; Fazio & Zanna, 1981) can be excluded as a source. 

In the absence of personal experience with identifiable products or ingredients, we will 

therefore expect that all beliefs European consumers hold about the risks and benefits 

of genetically modified foods must be derived from more general attitudes, following a 

top-down evaluation process. 

Furthermore, convergence emerged in the review in Chapter 2 concerning the level 

of generality on which evaluations are made. Qualitative research as well as quantita-

tive research suggested that the object of consumers’ attitudes to GM foods is the tech-

nology as such, represented as an abstract concept, rather than as a variety of different 

products and applications to which attributes could be associated. Actual beliefs as 

defined in this section were rarely found in qualitative data. Consumer evaluations 
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appeared to be made predominantly through references to even more abstract attitude 

objects such as health, environment, animal welfare or producer power where the par-

ticular implication between one and the other was left unspecified. This strongly sug-

gests a top-down evaluation process as assumed by social judgment theory. Consistent 

with this, factor analyses of sets of beliefs usually found that just two dimensions were 

sufficient to represent the covariation among the beliefs, suggesting a low level of 

complexity in the belief sets.  

3.5.2. A Hierarchical Model 

Fitting the available evidence into the framework provided by theories of attitude 

structure, a working model of the hierarchical structure of the attitude system can be 

developed, depicted in Figure 3.4. On the highest level of generality, we assume gen-

eral socio-political attitudes to operate. Judging from the results of previous research 

(see above), the objects of these attitudes are likely to be abstract entities such as envi-

ronment and nature, science and modern technology, and powerful institutions. On an 

upper-medium level of generality, we assume global evaluations of the technology to 

operate. On a lower-medium level of generality, we expect concretizations in terms of 

heuristic benefit and heuristic risk evaluations. On the lowest level, we assume con-

cretizations in terms of beliefs about particular risk and benefit attributes, emerging 

from an inferential belief formation process (Olson, 1978).  

The relative horizontal position of each object indicates its location on the evalua-

tive continuum, and the relative vertical position indicates its level of generality. We 

assume that the vertical relationships between the objects are represented by consumers 

in terms of category-exemplar relationships, as shown by Fiske and Neuberg (1990). In 

cognitive psychology, conceptual hierarchies of this type have been shown to exist for 

natural categories such as foods, plants and animals, yielding positive evidence for 

their hierarchical nature (for a review see Murphy & Lassaline, 1997). In consumer 

research, hierarchical attitude systems have been identified as well that are compatible 

with our suggestion. Homer and Kahle (1987) identified a values-attitudes-behavior 
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hierarchy, whilst Brunsø, Scholderer and Grunert (2004) and Scholderer, Brunsø and 

Grunert (2002) could establish values-lifestyle-behavior hierarchies.  
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Figure 3.4. Proposed model of the hierarchical structure of consumer attitudes towards genetically 

modified foods.  
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3.6. Dynamic Properties and Resistance to Persuasion 

The graphic representation in Figure 3.4 can be understood as an associative net-

work representation of inter-attitudinal structure. In line with Fazio’s (1986, 1989) 

conceptualization of attitudes as associative networks, we will assume that an attitude 

can be automatically activated upon confrontation with the attitude object. Once 

primed, activation will spread through the network and activate all associated nodes, 

affecting subsequent evaluation tasks. The effect as such has been demonstrated nu-

merous times by Fazio and colleagues in the laboratory (e.g., Fazio, Sanbonmatsu, 

Powell & Kardes, 1986; for a review, see Fazio, 1995). Furthermore, Fazio and col-

leagues have shown that the activation of such network structures increases attitude-

consistent behavior (Fazio, Chen, McDoal & Sherman, 1982; Zanna, 1989; Zanna, 

Olson & Fazio, 1980).  

In previous research, we have used this approach to interpret the puzzling finding 

that benefit communication of any kind appeared to decrease the likelihood that con-

sumers would actually choose a GM product (Scholderer & Frewer, 2003; also see 

Grunert, Bredahl & Scholderer, 2003; Scholderer, Bredahl & Frewer, 2001). However, 

we believe that the dynamic properties of network structures will also have relevance 

for processes that may be responsible for resistance to persuasion. In the following 

sections, two of these will be outlined. 

3.6.1. Attitude Activation and Schematic Processing 

In section 3.5 (see above), we have outlined a hierarchical model of the structure 

we hypothesize for consumer attitudes towards GM foods. If such a structure is com-

pletely activated in the way Fazio (1986, 1989) suggests, for example through exposure 

to communication, it can be interpreted as a schema that will exert systematic influence 

on the processing of information. Tesser (1978) provided such a schema-theoretic 

treatment of attitudes, with particular emphasis on the structural consistency of a 

schema and the impact this will have on attitude change. If people have well-organized 

attitudinal schemata available for the processing of incoming information, he argued, 

these schemata will help them in the assimilation of pro-attitudinal arguments and in 
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the refutation of counter-attitudinal arguments, resulting in higher production of 

thoughts that are evaluatively congruent with people’s preexisting attitude towards the 

issue at hand. Because of these highly structured cognitive responses, he predicted, 

people’s attitudes after the processing of information should become even more consis-

tent with their prior attitudes (Tesser & Shaffer, 1990).  

If people have less organized schemata, no such help would be provided, resulting 

in higher production of evaluatively incongruent thoughts. The effect has been demon-

strated with regard to a number of different attitude objects (see the review in Tesser, 

Martin & Mendolia, 1995). Interpreted in terms of functional approaches to attitude 

(Katz, 1960), value-expressive attitudes would provide exactly such a schema, making 

the underlying attitudes utterly resistant to change, whilst attitudes with a knowledge 

function should be relatively open to evaluatively incongruent thoughts and thereby 

easily become destabilized. This effect has likewise been demonstrated for a number of 

attitude objects (see Maio & Olson, 2001; O’Keefe, 2002).  

3.6.2. Judgmental Distortion 

According to Eagly and Chaiken’s (1995) classification, Tesser’s (1978) schematic 

processing model can be considered as an active, systematic mechanism that may occur 

when people feel highly motivated to systematically process incoming information. 

Another active mechanism but one that can be considered more “peripheral” in terms 

of Petty and Cacioppo’s (1986) elaboration likelihood model, is the check of the 

evaluative discrepancy between message content and preexisting attitudes, as stipulated 

in social judgment theory. Once preexisting attitudes are activated in consumers, we 

expect that these attitudes will operate as fuzzy anchors in the judgment of all attitudi-

nally relevant information (Sherif & Hovland, 1961). If the discrepancy between preex-

isting attitude and evaluative position of the argument in the message is small, or if 

latitudes of acceptance and non-commitment are wide (see above), the argument will 

be assimilated towards the preexisting attitude.  

If the discrepancy between preexisting attitude and evaluative position of the ar-

gument is high, or if latitudes of acceptance and non-commitment are narrow, the 
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argument will fall into consumers’ latitudes of rejection: the message argument itself 

and all other attitudinally relevant aspects of it will be contrasted away from the preex-

isting attitude, including evaluations of source credibility (Chaiken et al., 1995; Eagly 

& Chaiken, 1995; Ostrom & Brock, 1968). If such a process is triggered, counter-

attitudinal arguing may backfire on the communicator through distorted judgments of 

the communicator’s motivations made by the receivers of the message (Wood & Eagly, 

1981). Again, such an effect can be expected to occur in attitude systems that serve 

value-expressive purposes, but not in attitude systems that have knowledge functions as 

they can be expected to be much less involving (Katz, 1960). 

In situations where people are less motivated to engage active mechanisms of re-

sistance to persuasion, on the other hand, or if the evaluative schemata discussed above 

are not fully activated, it may still be the case that passive processes of resistance oc-

cur, including selective ignorance of the arguments presented in a message, and unsys-

tematic, peripheral attitude shifts that do not endure and do not affect the underlying 

evaluative dimensions (Chaiken, 1987; Festinger, 1957; Petty & Cacioppo, 1986). In 

attitude systems with value-expressive character that are highly involving, we expect 

passive processes to play a less prominent role. However, the possibility shall not be 

excluded in the research to be presented later. 

3.6.3. Functional Matching 

From the above, it can be followed that an assessment of the structural and func-

tional properties of an attitude will allow predicting whether they can be influenced by 

persuasive attempts or not. If attitudes have value-expressive character, persuasion will 

be extremely difficult; active refutation of the message content and even re-evaluation 

of source characteristics may occur. If, on the other hand, attitudes have a knowledge 

function and serve purely preliminary orientation purposes, this will be relatively easy; 

attitudes with knowledge functions are assumed preliminary in nature, operating in the 

manner of a rule-of-thumb heuristic. Judged from the result of the literature review in 

Chapter 2 (see above), this question cannot be fully decided with regard to European 

consumers’ attitudes towards GM foods. There was clear convergence in the review 
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regarding the general attitude objects to which attitudes towards GM foods are related, 

and we even considered the evidence for top-down processes to be convincing enough 

to base our framework model on this assumption.  

However, if these attitudes serve value-expressive purposes and are therefore 

likely to remain resistant to persuasive attempts, or if they serve knowledge purposes 

and are therefore likely to be open to persuasive attempts, will have to be investigated. 

Once this is known, a functionally matched strategy can be developed to influence the 

attitudes. If the attitudes have a knowledge function and are therefore preliminary in 

nature, persuasive communication may still have a chance. If the attitudes are value-

expressive, non-communicative means will have to be adopted. 

3.7. Building an Alternative Attitude System 

The previous sections were concerned with the structure and function of attitudes 

that are integrated into a hierarchical system, deriving their valence and evaluative 

extremity from their position relative to other attitudes. In the extreme case of strictly 

top-down structured, value expressive attitudes, we expected that it would not be pos-

sible to change such attitudes through communication. In the following sections, we 

will develop propositions regarding what else can be done when communication is 

bound to fail. In short, we suggest building an alternative attitude system. 

In practically all current research on consumer attitudes towards genetically modi-

fied foods, the fact that the primary object of inquiry had been food has virtually been 

forgotten. This is not very surprising as the debate about the introduction of these foods 

has always been about the notorious group of breeding and processing technologies 

that are involved in their production, and not about the particular products themselves. 

We think that this has created a blind spot in the debate, especially concerning the 

question of the marketability of these foods. We suggest turning the conceptualization 

of GM foods back on its feet, understanding them as foods and not just as embodiments 

of a stigmatized technology. 
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3.7.1. Experiential Attitude Formation 

Consumers evaluate the quality of a food product on quite a number of different 

dimensions. These can be classified as either extrinsic to the food, such as the brand, 

packaging, and information about its production process, or as intrinsic to the food, 

such as its sensory characteristics (Grunert, Hartvig Larsen, Madsen & Baadsgaard, 

1996). Abstracting from extrinsic characteristics, the development of basic food likes 

and dislikes is based on the hedonic gratification gained from its consumption. Hedonic 

gratification can be understood in this context as the overall affective response evoked 

by the sensory characteristics of the product (Rozin, 1989; Rozin, Levin & Fallon, 

1986).  

Liking of particular combinations of sensory attributes is thought to develop 

through associative learning, where the regular co-occurrence of particular flavors, 

odors and textures first forms, and then strengthens and maintains a mental representa-

tion of the hedonic quality of a product (Mela, 2000; Rozin & Vollmecke, 1986; Rozin, 

1990). In the terminology introduced above, an associative network evolves, where 

each sensory attribute of the product may be associated with a particular hedonic 

evaluation that is based on direct experiences with the product. Repeated activation of 

single attribute-evaluation associations strengthens these associations, and repeated 

activation of the whole network strengthens its coherence or structural consistency  

(Anderson, 1983; Fazio, 1989, 1995).  

3.7.2. Strength of Experiential Attitudes 

This way, a true bottom-up structure evolves from sensory attributes and hedonic 

gratifications. The structure incorporates the mental representation of the product as 

well as the evaluation of that product, i.e. the attitude towards it. Importantly, the dif-

ferent associations are based on direct experience, the very factor known to make atti-

tudes easily accessible, resistant to change, and predictive of behavior (Fazio & Zanna, 

1978a, 1978b, 1981). In marketing contexts, this particular property of experience-

based attitudes is utilized in the promotion technique of inviting potential customers to 

try the product. Comparisons between the effectiveness of product trials and advertis-
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ing have yielded strong evidence in favor of product trials, indicating substantially 

increased repeat purchase rates relative to the purely communicative technique of 

advertising (Kempf & Smith, 1998; Marks & Kamins, 1988; Smith & Swinyard, 1978).  

If possible, prospective marketers of GM foods should therefore follow this route. 

In the US market, the conditions exist for such a strategy; products containing geneti-

cally modified ingredients do not have to be labeled as such. In the EU, on the other 

hand, the quasi moratorium may have been lifted in May 2004, but GM ingredients will 

have to be labeled. Hence, even if it will theoretically be possible from now on to 

simply launch products and offer them for trial to consumers, there may still be a num-

ber of complications that could distort experiential attitude formation.   

3.7.3. Anchoring Effects 

In the real world, the idealized model of experiential attitude formation does not 

apply. Consumers have attitudes towards genetically modified foods, and, as explained 

above, these attitudes can be expected to serve as anchors relative to which new infor-

mation is evaluated, even if the information is sensory (Cardello, 1994, 1995, 2003; 

Tuorila, Meiselman, Bell, Cardello & Hohnson, 1994). Social judgment theory may 

have gone somewhat out of fashion in academic social psychology, but in sensory 

science, it is alive and well (Schifferstein, 2001). Sensory scientists apply social judg-

ment theory in the sense Hovland and Sherif understood it when they first conceived it 

(Sherif, 1935): as a theory of perceptual distortions caused by a person’s own or other 

persons’ expectations. 

In our above description of the central concepts of the theory, we limited the dis-

cussion to preexisting attitudes that serve a person as judgmental anchors relative to 

which novel stimuli with attitudinal relevance are evaluated. The notion of judgmental 

anchoring in social judgment theory is actually far broader (Sherif & Sherif, 1961). It 

refers to all types of tasks ranging from psychophysical size or flavor judgments to the 

adoption or rejection of whole ideological systems. In the sensory evaluation of foods, 

the typical research paradigm is the expectancy-disconfirmation experiment (Olson & 

Dover, 1976). Certain expectations about the flavor, texture, or overall quality of a food 
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are induced in a participant, and these are then systematically confirmed or discon-

firmed to different degrees. The concepts of latitudes of acceptance, non-commitment 

and rejection apply in the same way as outlined above, resulting in assimilation or 

contrast effects.  

3.7.4. Deconstructing an Evaluative Schema 

In the expectancy-disconfirmation paradigm, expectations are always created prior 

to the experience, either by exposing participants to information or by exposing them to 

other experiential stimuli. In later modifications of the theory, schema-theoretic models 

were adopted in a similar way as by Tesser (1978; see above) in a communication 

context. Meyers-Levy and Tybout (1989) developed such a schema theory for cognitive 

processes during product trials. They could show that, in a series of trials, their partici-

pants maintained a product evaluation schema from preceding trials although the nature 

of the product attributes had changed between trials. Their explanation for the effect 

was that a switch to a different schema requires considerable cognitive effort, which 

their participants were unwilling to expend. 

If the hypothesis is applied to the case of GM foods, assuming one could get a per-

son to actually try a GM food product, two very different outcomes would be predicted, 

depending on which schema was activated first. If the value-expressive attitude system 

hypothesized above were activated as a schema prior to the product trial (e.g., by in-

forming the person that they were to taste a GM food), the schema would remain active 

even at the point where the tried product sample would be evaluated. Hence, we would 

predict that the product would be evaluated in terms of a schema that derives all its 

evaluative anchors from higher-order attitude objects such as environment and technol-

ogy. The product would not actually contrast with the schema; it would simply not fit 

into it. Hence, non-commitment would be expected, and no weakening of the evalua-

tive schema. 

If, on the other hand, a product-evaluation schema were activated first (e.g., by 

simply asking a person to try a product sample), and the genetic modification only 

revealed after the hedonic evaluation of the product, the product would still be evalu-



 Chapter 3: Theoretical Reconstruction 92 

ated in terms of the product schema even though the genetic modification had been 

revealed. The concept of genetic modification of foods, on the other hand, would be 

evaluated in terms of the product schema, which should weaken the degree to which it 

is determined by technology and value associations, and strengthen the degree to which 

it is determined by product associations. Whether this effect can actually be observed in 

the real world, shall be the final research question to be investigated. 

 

 



 

4. Research Questions 

As stated in Chapter 1, the research presented here will try to solve a problem that 

has puzzled decision-makers in the food-industry, regulatory institutions, and in the 

natural and social sciences alike for the best part of two decades: how to convince 

European consumers that genetically modified foods are acceptable products. To this 

end, we reviewed the existing research on consumer attitudes towards GM foods in 

Europe (Chapter 2), and came to a number of preliminary conclusions and unresolved 

questions. To recapitulate, the preliminary conclusions were the following: 

 
• Attitudes towards GM foods are strongly related to general socio-political attitudes.  

• The object of attitudes towards GM foods appears to be the technology as such, not 

particular products. 

• Beliefs about the consequences of the technology are of low complexity and rela-

tively ill defined. 

• Attitudes towards GM foods are very resistant to persuasion. 

 
The unresolved questions were reconstructed in theoretical terms in Chapter 3. We 

developed a framework for the analysis of structure, function and dynamics of attitudes 

towards GM foods, built on elements of social judgment theory (Sherif & Sherif, 1961) 

and the functional analysis of attitudes (Katz, 1960). From this, five research questions 

can be derived that will be empirically investigated: 

 

• Intra-attitudinal structure: are attitudes towards GM foods aggregated from inde-

pendent sets of beliefs (bottom-up) or are beliefs derived from heuristic evaluations 

(top-down)? 
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• Inter-attitudinal structure: are attitudes towards GM foods purely derivative of 

general socio-political attitudes, or are they based on a quasi-rational risk-benefit 

trade-off? 

• Function: do attitudes towards GM foods serve value-expressive purposes for 

consumers, or do they provide preliminary orientation in a situation where factual 

knowledge is lacking? 

• Resistance to persuasion: do attitudes towards GM foods provide a schema for the 

refutation of arguments, and will they distort perceptions of the credibility of an in-

formation source? 

• Deconstruction through product experience: can an alternative attitude system be 

built through direct experience that weakens the value-expressive character of con-

sumers’ existing attitudes to GM foods? 

 

In the following chapter, we will develop a methodology for investigating struc-

tural properties of attitudes. In Chapter 6, we will present the first empirical study. 

Based on this cross-national survey, we will try to answer the questions about intra- 

and inter-attitudinal structure as well as the function of consumer attitudes towards GM 

foods. In Chapter 7, we will present the second empirical study, an attitude change 

experiment in which communication failed to persuade consumers of the benefits of 

GM foods. Based on this experiment, we will try to answer the questions about resis-

tance to persuasion. In Chapter 8, we will present the third empirical study, another 

attitude change experiment. Based on this experiment, we will try to answer the ques-

tion about deconstruction through direct product experience. Finally, in Chapter 9, we 

will present our overall conclusions and outline their implications, trying to answer the 

question stated at the beginning: how can we convince European consumers that ge-

netically modified foods are acceptable products? 

 



 

5. Methodological Framework 

5.1. Overview 

In the social sciences, structural equation modeling (Jöreskog, 1971) has emerged 

as the state-of-the-art method for the modeling of non-experimental data. Synthesizing 

a multitude of models under a common statistical framework, including true-and-error 

score theory (Spearman, 1904; Lord, 1959; Lord & Novick, 1968) and factor analysis 

(Thurstone, 1934; Lawley, 1958) originally developed in psychometrics, path analysis 

(Wright, 1918) originally developed in genetics, and simultaneous equation modeling 

(Wold & Jureen, 1953) originally developed in econometrics, it is one of the most 

flexible statistical techniques for estimating and testing hypothesized model structures 

against competing ones.  

A number of comprehensive texts on structural equation modeling have been pub-

lished in the last two decades, including introductory textbooks (e.g., Bollen, 1989), 

updates on methodological developments (e.g., Anderson & Gerbing, 1988; Bagozzi & 

Yi, 1988; Browne & Cudeck, 1993; Little, 1997; Yuan & Bentler, 1997) and bench-

mark assessments of the way the method is being used and abused by researchers in the 

field (e.g., Baumgartner & Homburg, 1996).  

The empirical research presented later will rely heavily on this method. Therefore, 

the method will be introduced in relative depth in the beginning of this chapter. Build-

ing on this framework, we will develop algebraic representations for the different types 

of attitude structures discussed in Chapter 3, and outline how they can be estimated as 

special cases of the general statistical model described before. Finally, we will outline 

the conditions that are necessary to ensure that data collected in different consumer 

populations are comparable. 
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5.2. Multi-Sample Structural Equation Modeling with Structured Means 

5.2.1. The General Model 

In its most general form (Jöreskog, 1970, 1971; Sörbom, 1974) a multi-sample 

structural equation model with structured means is defined by three simultaneous equa-

tions. The first one specifies a factor-analytic measurement model for the endogenous 

variables, representing the observed responses to P items (p = 1,... P) as a linear func-

tion of M latent factors (m = 1, ... M, M ≤ P) and P random errors.  

 y(g) = τy
(g) + Λy

(g)η(g) + ε(g) , (5.1) 

where y(g) is the P×1 vector of observed endogenous variables in group g, τy
(g) is the 

P×1 vector of intercept terms, η(g) is the M×1 vector of latent endogenous factors, Λy
(g) 

is the P×M matrix of factor loadings, and ε(g) is the P×1 vector of random errors, as-

sumed to be uncorrelated with the latent factors and to have zero expectation. The 

second equation defines another factor-analytical measurement model, this time for the 

exogenous variables: 

 x(g) = τx
(g) + Λx

(g)ξ(g) + δ(g) , (5.2) 

where x(g) is the Q×1 vector of observed exogenous variables in group g, τx
(g) is the 

P×1 vector of intercept terms, ξ(g) is the N×1 vector of latent exogenous factors, Λx
(g) is 

the Q×N matrix of factor loadings, and δ(g) is a Q×1 vector of random errors, again 

assumed to be uncorrelated with the latent factors and to have zero expectation. The 

third equation defines the structural model: 

 η(g) = α(g) + Β(g)η(g) + Γ(g)ξ(g) + ζ(g) , (5.3) 

where α(g) is an M×1 vector of intercept terms, Β(g) is the M×M weight matrix of the 

regression among the endogenous factors in group g, Γ(g) is the M×N weight matrix of 

the regression of the endogenous on the exogenous factors, and ζ(g) is an M×1 vector of 

equation errors. Expectations of y and x are 
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 µy
(g) = τy

(g) + Λy
(g)(I – B(g))–1(α(g) + Γ(g)κ(g)) , (5.4) 

 µx
(g) = τx

(g) + Λx
(g)κ(g) , (5.5) 

with κ(g) the N×1 vector of latent exogenous factor means and (I – B(g))–1(α(g) + Γ(g)κ(g)) 

the M×1 vector of latent endogenous factor means. Finally, the (P+Q)×(P+Q) model-

implied covariance matrix Σ(g) in the gth group is composed by its four sub-matrices 

 Σyy
(g) = Λy

(g)(Ι – Β(g))–1(Γ(g)Φ(g)Γ′(g) + Ψ(g)) [(Ι – Β(g))–1]′Λ′y(g) + Θε
(g) ,    (5.6) 

 Σyx
(g) = Λy

(g)(Ι – Β(g))–1Γ(g)Φ(g)Λ′x(g) , (5.7) 

 Σxy
(g) = Λx

(g)Φ(g)Γ′(g)[(Ι – Β(g))–1]′Λ′y(g) ,  (5.8) 

 Σxx
(g) = Λx

(g)Φ(g)Λ′x(g) + Θδ
(g) , (5.9) 

with Ψ(g) being the M×M covariance matrix of equation errors in group g, Φ(g) the N×N 

covariance matrix of the exogenous factors, Θε
(g) the P×P covariance matrix of random 

measurement errors in y(g), and Θδ
(g) the Q×Q covariance matrix of random measure-

ment errors in x(g).  

The model contains all linear statistical models as special cases. Equation 5.2, for 

example, defining the measurement model for the exogenous variables, can be simpli-

fied to the model of single-sample confirmatory factor analysis with structured means 

by omitting the group indices g. The model for simple confirmatory factor analysis, i.e. 

where all observed variables are centered around their means, is obtained by omitting 

the intercept terms τx from the model (it follows that right-hand as well as left-hand 

sides of Equation 5.5., defining the mean model of the exogenous variables, become 

zero too). The model of traditional exploratory factor analysis is obtained by a defining 

Φ, the covariance matrix of the exogenous factors, as an identity matrix. 

The models of classical path analysis and simultaneous equation modeling are ob-

tained by replacing the latent variables η and ξ in the structural model defined by 

Equation 5.3 with manifest variables. Doing the same and, in addition, omitting the 

term for the regression Βη among the endogenous variables from the structural model, 
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results in the general linear model. If the covariance matrix Ψ of the equation errors is 

further defined as diagonal, we obtain multivariate regression. If finally, vector-valued 

endogenous variables are replaced with scalar-valued ones, the model becomes that of 

multiple linear regression, and if, in addition, vector-valued exogenous variables are 

replaced with scalar-valued ones, the model simplifies to simple linear regression. 

5.2.2. Estimation and Goodness-of-Fit 

The general model can be estimated by a variety of methods such as maximum 

likelihood or generalized least squares (for an overview, see Bollen, 1989; Yuan & 

Bentler, 1997). Let m(g) be the observed (P+Q)×1 mean vector in group g, S(g) the 

observed (P+Q)×(P+Q) covariance matrix in group g, θ = (β′1, … βG′) the unknown 

vector of parameter values generating the model-implied means µ(g) and covariances 

Σ(g) in group g, and N the total sample size obtained by adding up the group sample 

sizes Ng. The maximum likelihood discrepancy function is given by  

 F(θ)  =  1N 
G

 Σg = 1
 NgFg(βg) (5.10) 

with Fg(βg) = [m(g) – µ(g)(βg)]′ Σ(g)–1(βg)[m(g) – µ(g)(β g)]  

 + tr[S(g)Σ(g)–1(βg)] – log⏐S(g)Σ(g)–1(βg)⏐– (Pg + Qg) .  

Estimation of θ involves minimization of Equation (5.10) under a set of appropriately 

chosen constraints that incorporate the hypotheses to be tested. Under multivariate 

normality of x(g) and y(g), the discrepancy  

 TML  =   NF(θ) , (5.11) 

commonly referred to as the “overall goodness-of-fit χ2” of the model, is asymptoti-

cally χ2 distributed with degrees of freedom equaling  df = 1
N G(Pg+Qg)(Pg+Qg+2) – R, 

where R is the number of unknown parameters in θ. A significant result of this test 

implies that the model-implied sample moments (i.e., the model-implied mean vectors 
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and covariance matrices) deviate from the observed sample moments (i.e., the observed 

mean vectors and covariance matrices). 

5.2.3. Descriptive Goodness-of-Fit Measures 

The three studies reported later will involve samples of considerable size. In such 

situations, the overall χ2 goodness-of-fit test is of limited use as a stand-alone measure. 

Being a function of sample size (see Equation 5.11), it tends to gain excessive power in 

large samples (Bentler, 1990; Bollen, 1990; Tanaka, 1987). The problem is aggravated 

by the fact that, within a structural equation model, the measurement models (as de-

fined Equations 5.1 and 5.2) tend to impose substantially more restrictions on the 

model-implied mean vectors and covariance matrices than does the structural model (as 

defined in Equation 5.3). As a result, the overall χ2 goodness-of-fit test tends to weigh 

discrepancies arising from weaknesses of the measurement models even in situations 

where the hypotheses to be tested are concerned with restrictions on the structural 

model.  

In order to compensate for this, descriptive goodness-of-fit measures will be used 

in addition in order to evaluate model-wise goodness of fit where measurement models 

are concerned (Browne & Cudeck, 1993). Current versions of structural equation mod-

eling software produce a sizeable amount of different fit indices. The output of Lisrel 

8.54 (Jöreskog & Sörbom, 1996; Jöreskog, Sörbom, du Toit & du Toit, 1999; the pro-

gram that will be used for the analyses reported in Chapters 6, 7 and 8), for example, 

lists around thirty different fit indices in the output from a standard analysis. Most of 

these measures are relatively simple transformations of the overall goodness-of-fit chi-

square and can easily be transformed into each other. In order not to cause more confu-

sion than clarity, one particular measure will consistently be used throughout the analy-

ses reported later, the root mean squared error of approximation (RMSEA; Steiger, 

1990, 1998).  

The RMSEA is a relative non-centrality measure, estimating how well the fitted 

model approximates the population covariance matrix per degree of freedom. It is 

defined as  



 Chapter 5: Methodological Framework 100 

 RMSEA  =    G  
Max[  T 

 df  −1 ; 0] 
N   ,  (5.12) 

where G is the number of groups in the analysis, T is the maximum-likelihood discrep-

ancy (i.e., the goodness-of-fit χ2) defined in Equation (5.11), and N is the total sample 

size. The RMSEA has the advantage that relatively much is known about its sampling 

distribution, and that so much experience exists about its behavior that the scientific 

community has developed conventions about acceptance limits, in analogy to the con-

ventional levels of significance in a statistical test. Browne and Cudeck (1993) suggest 

taking RMSEA values below .080 as an indicator of acceptable fit, and values below 

.050 as an indicator of close fit.  

5.2.4. Hierarchical and Nonhierarchical Model Comparisons 

Testing hypotheses about the structure underlying a whole system of variables of-

ten requires that the many restrictions on different model parameters that incorporate a 

structural hypothesis, are evaluated jointly. Steiger, Shapiro and Browne (1985) have 

shown that the difference 

 ∆T  =  T1 – T0 (5.13) 

obtained from comparing the fit of a more restricted target model M1 to the fit of a less 

restricted baseline model M0 is asymptotically χ2 distributed with ∆df = df1– df0 degrees 

of freedom. In the literature, this test is commonly referred to as the χ2-difference test 

(or, equivalently, the likelihood ratio test) for incremental model fit. In the empirical 

studies presented later, the quantity ∆T will simply be referred to as ∆χ2. 

Since ∆χ2 values are differences between pairs of χ2 values, they share the prop-

erty of the χ2 values from which they are computed, i.e. that they are a function of 

sample size. In large samples, the statistical power of a ∆χ2-test can therefore become 

excessive: miniscule deviations of predicted from observed moment matrices are de-

tected by the test even though the size of the deviation may be so small that it is theo-

retically meaningless. In order to alleviate this problem, we will use a descriptive 
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measure of improvement in addition to the actual ∆χ2-test in our analyses, the normed 

fit index (NFI; Bentler & Bonnett, 1980). The NFI is defined as  

 NFI  =   1 –  
T1
T0

  ,  (5.14) 

where T1 and T0 are maximum-likelihood discrepancies (defined in Equation 5.11) of a 

less constrained target model and a more constrained baseline model which are hierar-

chically nested. The numerical value of the NFI varies between 0 and 1 and can con-

veniently be interpreted as the relative amount of the way towards perfect fit (i.e., a 

discrepancy of zero) that is accomplished by relaxing the constraints distinguish the 

target from the baseline model. 

However, the ∆χ2-test is only applicable in situations where the models that are 

compared are nested, that is, the more restricted model can be expressed as a special 

case of the more general model, involving one or more constraints on parameters that 

are free in the more general model. In situations where the models that are to be com-

pared are not nested, the test is not valid. For such situations, Akaike (1974, 1987) 

developed an alternative model comparison approach, based on information theory.  

The Akaike information criterion (AIC) which he originally suggested had some 

problems though (Bozdogan, 1987). When applied to series of competing models, it 

showed a bias in favor of more complex models. Bozdogan (1987) suggested a number 

of modifications of the original AIC, involving different ways of penalizing for model 

complexity in order to include the criterion of parsimoniousness in the evaluation of 

competing models.  

The consistent Akaike information criterion (CAIC) is one of these modifications. 

Compared to the original AIC, the CAIC puts a moderate penalty on model complexity 

– more severe than the AIC, though not as severe as other measures such as the Bayes 

Information Criterion (BIC; Bozdogan, 1987), which were explicitly developed for 

situations where parsimoniousness is the primary criterion in a model comparison 

strategy. The CAIC is defined as 

 CAIC  =  T  + q(1 + ln N),   (5.15) 
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where T is the maximum-likelihood discrepancy (i.e., the goodness-of-fit χ2) as defined 

in Equation (5.11), q is the number of free parameters in the model, and N is the total 

sample size. In situations where several competing models are specified a priori, the 

one yielding the lowest CAIC is to be selected. Unfortunately, the sampling distribu-

tions of the CAIC itself as well as of differences between pairs of CAICs are unknown, 

hence explicit model comparison tests do not exist.  

5.2.5. Corrections for Non-Normality 

Maximum likelihood estimation of the parameters of a structural equation model 

assumes multivariate normality of observed and latent variables (Jöreskog, 1970). To 

account for serious violations of distributional assumptions, the Satorra-Bentler scaled 

χ2 statistic will be used for evaluating model fit (Satorra & Bentler, 1988; see Hu, 

Bentler & Kano, 1992, for a robustness analysis). The statistic is obtained by dividing 

the maximum likelihood discrepancy TML defined in Equation (5.11) by a scaling cor-

rection c to better approximate the expected value of the χ2 distribution under non-

normality. The scaling correction c is defined as   

 c  =  tr[UV*]/df,  (5.16) 

where df is the expected value of the χ2 distribution, U = V–1–V–1D∆D′V–1, and V = 

2K′(Σ⊗Σ)K is the asymptotic covariance matrix of non-redundant sample moments as 

assumed by maximum likelihood. The weight matrix K consists of elements k(ij, kl) = 

{1/2 if i ≠ j except when (i = k, j = l) or (i = l, j = k); 1 if i = j = k = l; 0 else}. V*, fi-

nally, is a fourth-order multivariate product-moment matrix consisting of elements v(ij, 

kl) = σijkl – σijσkl where σijkl is the expected fourth-order moment. 

In order to account for the fact that the difference between two scaled χ2 values ob-

tained from hierarchical models does not follow a χ2-distribution, Satorra (2000) and 

Satorra and Bentler (1999) have extended their approach to χ2-difference testing and 

devised another correction formula. Let ∆TML = T1 – T0 be the difference obtained from 

comparing the maximum-likelihood discrepancy of a more restricted target model M1 to 

the discrepancy of a less restricted baseline model M0, let ∆df = df1 – df0 be the associ-
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ated degrees of freedom, and c1 and c0 the model-wise scaling corrections computed 

according to Satorra and Bentler (1994; see Equation 14, above). Satorra and Bentler 

(1999) have shown that the scaled difference statistic 

 ∆TSB  =  ∆TML/c∆ (5.17) 

with c∆  =  (df1c1 – df0c0)/∆df   

is asymptotically χ2 distributed with ∆df degrees of freedom. As yet, the scaled differ-

ence statistic has only occasionally been used in empirical applications (examples can 

be found in Scholderer & Frewer, 2003; Scholderer & Grunert, 2001). Hence, little 

experience exists with its behavior under conditions of extreme irregularities in the data 

(e.g., floor or ceiling effects resulting in J-shaped or U-shaped distributions, many large 

outliers). In order to compensate for this, results of statistical tests based on the statistic 

will always be interpreted in conjunction with descriptive measures (see above). 

5.3. Comparing Directional Influence Structures in Attitude Systems 

The first set of research questions outlined in Chapter 4 was concerned with the di-

rectionality of the attitude system formed by general socio-political attitudes, attitudes 

towards GM foods as a technology, and beliefs about particular properties, attributes 

and consequences of the technology and its products. We used the generic terms “bot-

tom-up” and “top-down” to indicate different possible directionalities in such struc-

tures, both on the molecular level of intra-attitudinal structures as well as on the molar 

level of inter-attitudinal structures. If such models are to be compared to each other 

based on their fit to empirical data, explicit algebraic structures are needed for the 

formulation of statistical models. In the following sections, we will outline the formal-

izations on which the empirical analyses reported later will be based.  
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5.3.1. Algebraic Structure of Bottom-up Models of Intra-attitudinal Structure 

In bottom-up models of intra-attitudinal structure, attitudes emerge from an aggre-

gation process, that is, the beliefs a consumer holds about the presence or absence of 

valenced properties, attributes, or consequences of the object, form the basis from 

which aggregate evaluations of the object are then generated. Although earlier formula-

tions exist (e.g., Rosenberg, 1956), the prototypical formulation, used almost synony-

mously with the generic expression “bottom-up models”, is Fishbein’s (1963) multi-

attribute attitude model. From the beginning, Fishbein has formulated an explicit alge-

braic structure for his concept of an attitude that has remained unchanged throughout 

the years in which it has been applied by researchers (Anderson & Fishbein, 1965; 

Day, 1972; Dillon & Kumar, 1985; Fishbein, 1966; Fishbein & Ajzen, 1975; Yi, 1989):    

 AO   =  
Q

 Σq = 1
 bq eq , (5.18) 

where AO is a person’s attitude towards an object, bq is the belief that the object has 

attribute q, expressed as a subjective probability, eq is the evaluation of attribute q, and 

Q is the number of salient (or, expressed in a modern way, accessible) attributes of the 

object. As such, the formula is just a measurement rule: it specifies that an overall 

attitude towards an object is measured by summing up over attributes the products of 

the respective beliefs and evaluations. The measurement rule as such is therefore not a 

true model in the sense that it would impose falsifiable restrictions on the data. Usually, 

the aggregate evaluation AO can only be validated by correlating it with an independ-

ently collected measure of the overall evaluation of the object (Fishbein & Ajzen, 

1975).  

There has been much discussion in the literature whether such a validation really 

entails conceptually equivalent operationalizations of the underlying idea of what an 

attitude is (e.g., Fiske & Neuberg, 1990; McGuire, 1985; Rosenberg, 1968). We pro-

pose an alternative formulation here that avoids this problem altogether by using a 

latent variable to model the aggregate evaluation AO. For this, we will utilize another 
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special case of the general structural equation model outlined above: a MIMIC-type, 

formative measurement model.  

The MIMIC model (“multiple indicators, multiple causes”) was first introduced by 

Hauser and Goldberger (1971), but received wider attention only after the publication 

of Jöreskog and Goldberger’s (1975) treatment. The model is defined by three simulta-

neous equations. The first equation defines the formative measurement model, repre-

senting M latent composite factors ηa (m = 1, 2, …M) as linear functions of Q observed 

exogenous variables (q = 1, 2, … Q) and M equation errors: 

 ηa = Γx + ζ a  , (5.19) 

where x is the Q×1 vector of observed exogenous variables with an unconstrained Q×Q 

covariance matrix Φ, Γ is the M×Q matrix of regression weights of the regression of ηa 

on x, and ζ a is an M×1 vector of equation errors. The second equation defines the 

measurement model of a set of additional endogenous variables. These are required for 

identification purposes; were they not included in the model, the weight matrix 

Γ in Equation (5.19) would not be estimable. The measurement model for the addi-

tional endogenous variables is factor analytic, defining the observed responses to P 

items (p = 1, 2, ... P) as a linear function of M latent factors (m = 1, ... M, M ≤ P) and P 

random measurement errors: 

 y = Λyηb + ε  , (5.20) 

where y is the P×1 vector of observed endogenous variables, ηb is the M×1 vector of 

latent endogenous factors, Λy is the P×M matrix of factor loadings, and ε is the P×1 

vector of random errors, assumed to be uncorrelated with the latent factors and to have 

zero expectation. The third equation defines the link between the two measurement 

models. In order to be identified, each of the latent composite factors ηa has to emit at 

least two paths pointing to the additional endogenous variables ηb: 

 ηb = Βηa + ζ b  , (5.21) 

where is the M×Q weight matrix of the regression of ηb on ηa, and ζ b is an M×1 vector 

of equation errors. To keep the equations simple, we have omitted mean structures and 
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group indices here, but these can be added easily in line with the general model 

outlined in Chapter 5.2.1.  

The noteworthy feature of the measurement model described by Equation (5.19) 

becomes apparent when we assume that the exogenous variables x in the model are 

responses collected from consumers to a set of belief items b1, b2, …bq about the Q 

“modal” (Fishbein & Ajzen, 1975) attributes of an object O that are salient in the con-

sumer population. Then, the latent composite factors ηa can be interpreted as attitudes 

towards the object that emerge from the set of beliefs about the object’s attributes, and 

the regression weights Γ can be interpreted as population-level evaluations e1, e2, …eq 

of the Q modal attributes. Unreliability on the composite factor level is modeled by the 

equation errors ζa, and the model even allows for potential multidimensionality by 

assuming a vector-valued attitude instead of a scalar-valued one.  

The model is a true model in the sense that it does impose certain restrictions on 

the data: all effects of the belief items on the additional endogenous variables are as-

sumed to be completely mediated by the latent composite attitudes. Hence, the model 

can be estimated as a structural equation model and subjected to all model evaluation 

procedures outlined in Chapter 5.2. 

5.3.2. Algebraic Structure of Top-down Models of Intra-attitudinal Structure 

In top-down models of intra-attitudinal structure, heuristic evaluations of an atti-

tude object form the basis from which evaluation-congruent beliefs about the proper-

ties, attributes or consequences of the object are then generated as mere instantiations 

of the object-level evaluation. Unlike for bottom-up models, no formalized structure 

has been proposed for such models in the literature. The different operationalizations 

reviewed in Chaiken, Pomerantz and Giner-Sorella (1995), for example, are all based 

on ad-hoc rules that have certain plausibility. Most of these are variations of 

Rosenberg’s (1968) method for measuring evaluative-cognitive consistency, which is 

based on the rank correlations between responses to a set of belief items and a set of 

evaluation items concerning the same attributes. The size of the rank correlation is 
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interpreted as a measure of evaluative-cognitive consistency, which in turn is then 

interpreted as an indicator of evaluation-congruent (top-down) belief formation. 

Instead of this cumbersome procedure, we propose a very straightforward way of 

formalizing top-down structures in belief formation. Again, we will utilize a latent 

variable approach that can be treated as a special case of the general structural equation 

model outlined above. Let us assume that each belief b1, b2, …bq in a set of Q different 

beliefs about an object O is instantiated from the same heuristic evaluation of the ob-

ject, EO. The beliefs will express the underlying heuristic evaluations with different 

degrees of congruity strength, which we will denote cq here, and with a certain degree 

of randomness, hence we will add a random error dq to the representation. A simple 

model of evaluation-congruent belief formation would then be  

 bq = cqEO + dq  . (5.22) 

Since only the Q belief items are actually measured, EO as well as dq are latent vari-

ables. If we represent all Q beliefs together in a population-level model, we obtain a 

simple factor-analytic measurement model, equivalent to the one defined in Equation 

(5.2) where intercept terms and multi-sample indexing are omitted. Hence, we propose 

to represent evaluation-congruent belief formation or, more generically speaking, top-

down intra-attitudinal structures, by factor-analytic measurement models of the form 

 x = Λxξ + δ , (5.23) 

where x is a Q×1 vector of measured belief items, ξ is a P×1 vector of latent evaluation 

dimensions, the Q×P loading matrix Λx is understood as a matrix of congruity strength 

weights, and δ is a Q×1 vector of random errors, assumed to be uncorrelated with the 

latent evaluation dimensions and having zero expectation. If we further assume that Θδ
,, 

the Q×Q covariance matrix of random measurement errors in x, is diagonal, the model 

becomes a true model in the sense that it imposes severe restrictions on the data: all 

covariation between the observed belief items is due to the common, underlying 

evaluation dimensions (cf. Alwin, 1976). Once these are statistically controlled, the 

residual covariation between each pair of beliefs should be zero (local independence).  
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For the sake of simplicity, we have omitted mean structures and group indices in 

this formalization. These can be added easily in line with the general model outlined in 

Chapter 5.2.1. Like the model for bottom-up structures, the model for top-down struc-

tures can be estimated as a structural equation model and subjected to all model evalua-

tion procedures described above. And again, the model has the virtues that it allows for 

multi-dimensionality in the heuristic evaluations (Kerlinger, 1984; see Chapter 3.2.3), 

and that it accounts for unreliability in the belief formation process.  

5.3.3. Problems with Population-level Representation of Intra-attitudinal Structures 

A necessary precondition for achieving valid representations of intra-attitudinal 

structures is, of course, that the set of beliefs for which different structural models are 

tested, is content-valid. Several methods have been proposed for eliciting content-valid 

beliefs, some of them using individual representations, some of them using population-

level representations (for reviews, Fishbein & Ajzen, 1975; Jaccard, Radecki, Wilson 

& Dittus, 1995). In the design of Study 1 (see Chapter 6.2, below), a three-step proce-

dure was chosen that closely followed Fishbein and Ajzen’s (1975) modal set ap-

proach.  

In a first step, individual-level belief sets were elicited from a representative sam-

ple of individuals from the target populations in individual face-to-face interviews, 

using Reynolds and Gutman’s (1984, 1988) laddering method. In a second step, a 

content analysis was conducted on the data, mapping the individual belief sets onto a 

common set of categories. In a third step, category frequencies were computed across 

individuals, and beliefs were selected as “modal” when their frequencies exceeded a 

certain cut-off value.  

From an economics-of-data-collection perspective, the modal-set approach has the 

advantage of yielding a limited set of beliefs that are easily transformed into question-

naire items. From a validity-of-representation perspective, it retains the key advantage 

of free elicitation methods, that is, that the resulting belief set contains only beliefs that 

were actually generated by members of the target population, and not constructed ad-

hoc by researchers. However, the procedure selects only such beliefs that have a high 
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frequency after aggregation over individuals. In a strict sense, this eliminates the possi-

bility of investigating whether purely idiosyncratic belief sets are associated with a 

given attitude (for detailed discussions, see Grunert & Grunert, 1995; Jaccard et al., 

1995; Van der Pligt & Vries, 1998).  

Two points can be made to qualify this restriction. Firstly, complete non-overlap of 

individual belief sets would result in a flat across-individuals distribution. In other 

words, there would be no modal beliefs to identify in the first place. Secondly, early 

social cognition research has shown that idiosyncratic belief systems typically evolve 

when individuals receive highly heterogeneous information at the time they form an 

attitude (Edwards & Ostrom, 1971). As argued before, such heterogeneity is implausi-

ble in the case of the information European consumers received about GM foods.  

5.3.4. Algebraic Structure of Models of Inter-attitudinal Structure 

Directionality in inter-attitudinal structures can be specified in a very straightfor-

ward manner within the structural equation-modeling framework used here. In line with 

the theoretical model outlined in Chapter 3.5, general socio-political attitudes can be 

assumed to pre-exist in an individual, be highly stable, and therefore exogenous to the 

relationships between attitudes on lower levels of generality. Using the structural 

model defined in Equation 5.3, we can therefore specify the general algebraic structure 

as 

 η =  Βη + Γξ + ζ , (5.24) 

where the latent endogenous factors η stand for the lower-level attitudes, the latent 

exogenous factors ξ stand for the more general, higher-level attitudes, and Β and Γ are 

matrices of regression coefficients measuring the structural consistency between them. 

If two levels of endogenous variables are distinguished, the model becomes a com-

pletely mediated model of the form7  

                                                 
7 For the sake of simplicity, we have omitted the mean structure and multi-sample indexing from 

the model. These can be easily added again using the specification in Equation 5.3 (see above). 
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 ηa =  Γξ + ζa  and  ηb =  Βηa + ζ b , (5.25) 

If it is possible to decide a-priori which attitudes are mediators ηa and which attitudes 

are “truly” dependent factors ηb, standard tests of mediation can be applied (e.g., Judd 

& Kenny, 1981) because the models that are to be compared can be hierarchically 

nested.  

If, however, two different sequences of exogenous factors, mediators and depend-

ent factors are to be compared and the variables exchange their position, that I,s the 

dependent factors in the first model become the mediators in the second model, and the 

mediators in the first model become the dependent factors in the second model, this is 

not possible any more because the models are not hierarchically nested (MacCallum, 

Wegener, Uchino & Fabrigar, 1993; Williams, Bozdogan & Aiman-Smith, 1996). In 

these situations, methods for non-hierarchical model comparisons have to be used, as 

discussed in Chapter 5.2.4 (Bozdogan, 1987; example applications can be found in 

Brunsø, Scholderer & Grunert, 2004; Scholderer, Brunsø & Grunert, 2002).   

5.4. Generalizing over Different Populations 

The three studies reported later will use cross-cultural designs, involving samples 

drawn from different consumer populations within the European Union. Although the 

focus of the present analysis is not on cross-cultural differences in consumer attitudes 

towards GM foods (which might well become a research area in its own right), designs 

involving multiple populations pose methodological difficulties.  

5.4.1. Potential Biases in Measurement across Populations 

The basic problem is the following: suppose we have collected measurements of an 

observed variable x in two consumer populations A and B and are interested in 

differences between the expected values of x. A direct test of the hypothesis µx
A – µx

B = 

0 would rest on the assumption that, in both populations, x measures an underlying 

quantity ξ on a common interval scale f: x = τ + λξ with invariant location and scale 
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parameters τ and λ such that differences in ξ can be meaningfully inferred from 

differences in x (Krantz, Luce, Suppes & Tversky, 1971). When populations A and B 

are different cultures, and the observed variable x is a questionnaire item, it becomes 

unreasonable to simply assume a common interval scale for responses on x. Different 

languages may imply differences in the semantics of item wording or response category 

labels, so that the existence of systematically biased location parameters τA and τB 

(additive bias) and scale parameters λA and λB (multiplicative bias) has to be 

considered.  

Explicit treatment of such biases requires the use of an appropriate psychometric 

model. Two major frameworks have been used in this context: analysis of differential 

item functioning in item response theory (Lord & Novick, 1968; Muthén & Lehman, 

1985), and multi-sample models in confirmatory factor analysis (see Chapter 5.2, 

above; Jöreskog, 1971; Sörbom, 1974). Common to both frameworks is that they 

specify a latent trait structure, which allows the researcher to utilize responses to other 

items as additional information on the underlying quantity that is to be measured, and 

based on that, in turn, to draw conclusions about the unique characteristics of a 

particular item. As structural equation modeling is used throughout the present work as 

a statistical model, we shall use its framework here too. 

5.4.2. A Hierarchical Approach to Invariance Testing 

Multi-sample confirmatory factor analysis with structured means is a sub-model of 

the general framework presented above. The model is defined in Equation (5.2) as the 

measurement model of the exogenous variables in a structural equation model. Across 

groups, the measurement model can be invariant with respect to each of its parameter 

matrices τg, Λg, Φg, Θg, and κg. Steenkamp and Baumgartner (1998) have proposed a 

hierarchical model comparison procedure for such situations, distinguishing between 

six consecutive levels of measurement invariance: 
 

• Configural invariance. The pattern of zero and non-zero factor loadings is assumed 

to be invariant across groups g = 1, 2, ... G. Configural invariance implies that the 

same underlying constructs are measured in all groups. 
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• Metric invariance. The factor loadings are assumed to be invariant across groups g, 

implying the additional constraint Λ1 = Λ2 = ... = ΛG. Metric invariance implies that 

the observed variables are measured according to the same scale units. 

• Scalar invariance. Factor loadings and intercept terms are assumed to be invariant 

across groups g, implying the additional constraint τ1 = τ2 = ... = τG. Scalar 

invariance implies that the observed variables are measured according to the same 

scale units and scale locations (i.e., on common interval scales). 

• Factor covariance invariance. Factor loadings, intercept terms and factor 

covariances are assumed to be invariant across groups g, implying the additional 

constraint φmn
1 = φmn

 2 = ... = φmn
 G for all factors m, n (m ≠ n). Factor covariance 

invariance implies that interrelationships among the underlying constructs are the 

same across samples. 

• Factor variance invariance. Factor loadings, intercept terms, factor covariances 

and factor variances are assumed to be invariant across groups g, implying the 

additional constraint φmm
1 = φmm

 2 = ... = φmm
 G for all factors m. Factor variance 

invariance implies that variability of the underlying constructs is the same across 

samples. 

• Error variance invariance. Factor loadings, intercept terms, factor covariances, 

factor variances and error variances are assumed to be invariant across groups g, 

implying the additional constraint θpp
1 = θpp

 2 = ... = θpp
 G for all items p. Error 

variance invariance implies that the item reliabilities are the same across samples. 

 

Of particular interest is a measurement model where factor loadings and intercept 

terms are invariant across groups g, satisfying the constraints  

 τ1 = τ2 = ... = τG , (5.26) 

 Λ1 = Λ2 = ... = ΛG .  (5.27) 

Imposed on Equation (1), the constraints define a congeneric measurement model 

(Lord & Novick, 1968) with group-invariant location (Eq. 5.26) and scale (Eq. 5.27) 
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parameters. If the constraints hold, the observed variables xg are measured on common 

interval scales and can be meaningfully compared across groups (Meredith, 1995; 

Rock, Werts & Flaugher, 1978). Hence, data should only be pooled if the constraints 

hold. Experience shows that this is hardly ever the case in cross-cultural sets of con-

sumer attitude data (e.g., Scholderer, Brunsø, Bredahl & Grunert, 2004). Hence, we 

shall be very careful here and use multi-sample models with as few across-group con-

straints as possible, especially when the model structure is not entirely known yet. 

 In full structural equation models, a number of additional parameter matrices can 

be invariant as well. In analogy to the measurement invariance approach suggested by 

Steenkamp and Baumgartner (1998), three additional invariance levels can be formu-

lated on the level of the structural model (cf. Scholderer & Grunert, 2001) 

 

• Regression invariance. In addition to invariance of all measurement model 

parameters, the regression coefficients Γ and Β are assumed to be invariant across 

groups g, implying the additional constraints Γ1 = Γ 2 = ... = Γ G and Β1 = Β 2 = ... = 

Β G. Regression invariance implies that the structural relationships between the 

exogenous and endogenous factor as well as among the endogenous factors are 

invariant across populations. 

• Covariance structure invariance. In addition to invariance of all measurement 

model parameters and regression coefficients, the covariance matrix of equation 

errors Ψ is assumed to be invariant across groups g, implying the additional 

constraint Ψ1 = Ψ 2 = ... = Ψ G. Covariance structure invariance implies that 

predictive validity of the model is invariant across groups. 

• Identity. In addition to invariance of all measurement model parameters, regression 

coefficients, and covariances of equation errors, the vectors κ of exogenous latent 

factor means and α of structural equation intercepts is assumed to be invariant 

across groups g, implying the additional constraints κ1 = κ 2 = ... = κG and α1 = α2 

= ... = αG. Identity implies that there are no model differences between groups. 



 

6. Study 1: Intra- and Inter-attitudinal Structure 

The aim of Study 1 was to assess the intra- and inter-attitudinal structure of con-

sumer attitudes towards genetically modified foods. In the following, we will first 

detail the research questions and hypotheses to be investigated in the study. Then, 

qualitative pilot research will be reported that was conducted to identify a content-valid 

set of beliefs held by European consumers about the risks and benefits associated with 

GM foods. After this, we will explain design and data collection of a large, cross-

national attitude survey that was conducted in order to quantitatively assess these be-

liefs and their interrelationships with global evaluations of genetic modification of 

foods as well as with more general socio-political attitudes. The data will then be ana-

lyzed by means of structural equation modeling, evaluating the hypotheses detailed in 

the beginning. Finally, results will be discussed and preliminary conclusions will be 

drawn.  

6.1. Research Questions and Hypotheses 

In Chapter 2 (see above), existing research on the attitudes of European consumers 

towards genetically modified foods was reviewed. One of the central conclusions from 

the review was that, in virtually all previous investigations, ad-hoc assumptions had 

been made concerning the internal structure of these attitudes as well as the particular 

way they are embedded into larger attitude systems.  

Concerning intra-attitudinal structure, these studies tended to assume that consum-

ers’ overall attitudes towards genetically modified foods are based on a risk-benefit 

trade-off (e.g., Bredahl, 2001; Gaskell, Allum, Wagner, Kronberger, Torgersen, Ham-

pel, & Bardes, 2004; Hampel, 1999; Saba, Rosati & Vassallo, 2000; Saba & Vassallo, 

2002; Siegrist, 1999, 2000; Sparks, Shepherd & Frewer, 1995), consistent with models 

of rational decision-making (Keeney & Raiffa, 1976) as well as belief-based models of 
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intra-attitudinal structure (Fishbein, 1963). As shown in the theoretical reconstruction 

in Chapter 3, such models imply directionality in the internal structure of an attitude. 

The implied directionality in risk-benefit trade-off models is compositional or bottom-

up, that is, an aggregate evaluation of the technology is formed from a set of distinct 

beliefs about risks and benefits associated with particular applications of the technol-

ogy.  

Concerning inter-attitudinal structure, many other studies (and sometimes even the 

same) assumed that consumer attitudes towards genetically modified foods are influ-

enced by general socio-political attitudes of a higher order of generality, including 

attitudes towards modern technology, attitudes towards environment and nature, and 

trust in the institutions that regulate emerging technologies and manage their risks 

(Bredahl, 2001; Frewer, Howard, Hedderley & Shepherd, 1997; Frewer, Howard & 

Shepherd, 1997; Frewer, Shepherd & Sparks, 1996; Hamstra, 1991, 1995; Siegrist, 

1998, 1999, 2000; Sparks, Shepherd & Frewer, 1994). As argued in Chapter 3, such 

assumptions about the embeddedness of an attitude into a larger system of higher-order 

socio-political attitudes imply directionality as well. The directionality implied in 

systems models of attitudes is reflective or top-down, that is, a global evaluation of the 

technology emerges as a specific instantiation of other, even more general attitudes, in 

a new context. 

The bottom-up and the top-down structures are not mutually exclusive – social 

psychological research has long ago demonstrated that it is perfectly possible for an 

individual to have a multitude of evaluations associated with the same attitude object 

(Fazio, 1986, 1989). Some of these object-evaluation associations may be bottom-up, 

some of these may be top-down. The particular “mixture” of bottom-up and top-down 

associations that constitutes an overall attitude at a given time depends on the pattern of 

activation that occurs within the system of cognitively represented object-evaluation 

associations in a given situation. As discussed in Chapter 3, however, certain classes of 

object-evaluation associations can be assumed to dominate over others. 

In particular, it is nearly impossible for European consumers to have personal ex-

perience with genetically modified foods. In the EU, only two foods have ever been 

marketed (and only for brief periods in the mid-1990s; see Chapter 1) that were labeled 
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at the time as containing genetically modified ingredients. Since GM foods are not at 

all labeled in those markets where they are generally available (such as the US), it is 

not possible for European consumers to have acquired discriminative experience with 

these products while being abroad either. Hence, personal experience with the attitude 

object – generally regarded as the strongest determinant of bottom-up attitude forma-

tion processes (Fazio, 1989; Fazio & Zanna, 1981) – can be excluded as a source of 

accessible bottom-up associations between the attitude object and a set of evaluations.  

In the absence of personal or vicarious experience with actual products containing 

genetically modified ingredients, we therefore expect that all beliefs European consum-

ers hold about the risks and benefits of genetically modified foods must be derived 

from more general attitudes, following a top-down evaluation process. In order to make 

this general prediction testable based on attitude-survey data, we will utilize the struc-

tural equation-modeling framework outlined in Chapter 5. Four specific research ques-

tions will be focused on in this analysis: the directionality of intra-attitudinal structures, 

the dimensional complexity of intra-attitudinal structures, the directionality of inter-

attitudinal structures, and the strength of the whole attitude system. 

6.1.1. Directionality of Intra-attitudinal Structures 

The first research question to be investigated in Study 1 is concerned with the di-

rectionality of intra-attitudinal structures: we will test whether the interrelationships 

among a set of beliefs consumers hold about the risks and benefits of genetically foods 

can be better represented by top-down or bottom-up models of intra-attitudinal struc-

ture. Top-down intra-attitudinal structures will be specified as reflective, factor-analytic 

measurement models, where each belief within a set of heterogeneous beliefs is defined 

as a function of one or more common, underlying factors (Figure 6.1, left panel). These 

factors will be understood as heuristic evaluations. 

The hypothesized top-down model of intra-attitudinal structure will compete 

against an alternative model of intra-attitudinal structure, incorporating bottom-up 

structures. Bottom-up intra-attitudinal structures will be specified as formative, 

MIMIC-type measurement models, where one or more composite factors are defined as  
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Figure 6.1. Alternative models of directionality in intra-attitudinal structure to be compared in Study 1. 

 

functions of an underlying set of heterogeneous beliefs (Figure 2.1, right panel). These 

factors will be understood as aggregate evaluations. 

The two competing structures cannot be formulated as a sequence of hierarchically 

nested models. Hence, information-theoretic measures (see Chapter 5.2.4) will be used 

for evaluating the first hypothesis: 

 
• Hypothesis 1: The interrelationships among a set of content-valid measures of 

consumers’ beliefs about the risks and benefits of genetically modified foods can be 

better represented by a reflective, factor-analytic measurement model (operational-

izing a top-down structure based on heuristic evaluations) than by a formative, 

MIMIC-type measurement model (operationalizing a bottom-up structure resulting 

in aggregate evaluations). 

6.1.2. Dimensional Complexity of Intra-attitudinal Structures 

The above research question and corresponding hypothesis concerned the direc-

tionality of intra-attitudinal structures (top-down versus bottom-up), but left the number 

of evaluative dimensions unspecified. Hence, the second research question to be inves-

tigated in Study 1 is how many evaluative dimensions are required to represent the 



 Chapter 6: Study 1 118 

intra-attitudinal structure underlying consumer’s beliefs about risks and benefits asso-

ciated with GM foods.  

Theoretically, the structure with the lowest possible complexity is a model where 

only one global evaluative dimension is the underlying heuristic of (in case of a top-

down structure) or the aggregate evaluation formed by (in case of a bottom-up struc-

ture) all beliefs consumers hold about risks and benefits of genetically modified foods. 

The structure with the highest possible complexity is one where each belief operates as 

its own evaluative dimension, i.e. no global evaluation factor intervenes in either of the 

directions between the set of beliefs and a set of relevant criterion variables. Between 

the extremes of lowest and highest complexity, a large number of models can be formu-

lated that exhibit medium degrees of complexity.  

 In addition to the lowest-complexity model (one global evaluative dimension, risk 

versus benefit) and the highest-complexity model (each belief its own evaluative di-

mension), we will evaluate two dimensionalities that can be formulated a priori: a 

model with two global evaluative dimensions (risk, benefit) and a model with four 

evaluative dimensions (risk arising from genetic modification as a process, risk arising 

from genetically modified products, benefit arising from genetic modification as a 

process, benefit arising from genetically modified products). 

In line with previous research that utilized explorative modeling techniques (e.g., 

Bredahl, 2001; Hamstra, 1991; Midden et al., 2002; Saba & Vassallo, 2002) we expect 

relatively low dimensionality. In particular, it appears from these studies that a two-

dimensional model, operationalizing positive valence (benefit) and negative valence 

(risk), respectively, may be the most appropriate representation. Furthermore, based on 

the results of Kerlinger’s (1984) analysis, such two-dimensionality can be expected in 

aggregate analyses of belief sets even though the underlying evaluation may be uni-

dimensional for each individual (see Chapter 3.2.3). Hence, the following hypothesis 

can be formulated concerning the dimensionality of intra-attitudinal structures: 

 
• Hypothesis 2: The interrelationships among a set of content-valid measures of 

consumers’ beliefs about the risks and benefits of genetically modified foods can be 

better represented by two-dimensional model, operationalizing separate evaluative 
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dimensions with positive valence (benefit) and negative valence (risk), respectively, 

than by models of higher or lower complexity. 

Directionality and dimensionality cannot be assessed independently. Therefore, 

Hypothesis 2 can only be tested in conjunction with Hypothesis 1. Top-down as well as 

bottom-up models will be formulated for each dimensionality and evaluated by means 

of information-theoretic measures for non-hierarchical model comparisons. The deci-

sion for the model that best represents the data will therefore provide a test of Hypothe-

sis 1 as well as Hypothesis 2.  

6.1.3. Directionality of Inter-attitudinal Structures 

The first two research questions were concerned with intra-attitudinal structure. 

The third research question to be investigated in Study 1 will focus on inter-attitudinal 

structure, examining the way consumer attitudes towards genetically modified foods 

are embedded into a larger system of more general socio-political attitudes. Specifi-

cally, we will examine the directionality in this system of attitudes. In previous re-

search, the various authors who have investigated inter-attitudinal structures have 

without exception assumed that the directionality in the system has the following struc-

ture: general socio-political attitudes influence separate global evaluations of the risk 

and benefit of genetically modified foods, which then are re-aggregated to form an 

overall evaluation of the technology (Bredahl, 2001; Gaskell et al., 2004; Hampel, 

1999; Midden et al., 2002; Siegrist, 2000).  

In terms of levels of generality, such a system proceeds from a level of high gener-

ality to a level of low generality, but then up again to a level of medium generality (top-

down and up-again). In all cases, this structure has been specified on a-priori grounds 

following the pervasive assumption that a risk-benefit trade-off underlies consumers’ 

overall attitude towards genetically modified foods (see above). No tests have been 

reported in the literature that would indicate whether this is indeed the true model 

structure or not.  
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Figure 6.2. Alternative models of directionality in inter-attitudinal structure to be compared in Study 1. 

 

Hence, the third research question to be investigated in this study is whether the 

mixed-directionality assumption made in previous research is correct (Figure 6.2, lower 

panel), or whether a genuine, unconditional top-down structure will represent the data 

better (Figure 6.2, upper panel). In line with previous research (Bredahl, 2001; Frewer 

et al., 1996; Frewer et al., 1997; Hamstra, 1991, 1995; Siegrist, 1998, 1999, 2000; 

Sparks et al., 1994), the present analysis will include attitudes toward environment and 

nature, attitudes towards modern technology, and social trust (i.e. trust in the institu-
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tions that regulate emerging technologies and manage their risks) as general socio-

political attitudes. These will be defined as exogenous factors in all models of inter-

attitudinal structure. Based upon this, two competing structural model will be specified.  

The first candidate model will be a genuine top-down model, where, in first layer, 

paths are specified from consumers’ general socio-political attitudes to their global 

evaluation of GM foods as a technology, and then, in a second layer, from the overall 

technology evaluation to global risk and benefit evaluations. In this model, all effects 

of general socio-political attitudes on risk and benefit evaluations are assumed to be 

completely mediated by consumers’ overall technology evaluation. No risk-benefit 

trade-off is assumed to occur. 

The second candidate model will have a mixed-directionality structure, where, in 

the first layer, paths are specified from consumers’ general socio-political attitudes to 

their global risk and benefit evaluations, and then, in a second layer, from global risk 

and benefit evaluations to their overall technology evaluation. In this model, all effects 

of general socio-political attitudes on consumers’ overall technology evaluation are 

assumed to be completely mediated by their risk and benefit evaluations. In other 

words, consumers’ overall evaluation of the technology is assumed to be formed 

through a risk-benefit trade-off.  

Like before, the competing structures cannot be formulated as a sequence of hier-

archically nested models. Hence, information-theoretic measures will also be used 

again for evaluating the third hypothesis: 

 
• Hypothesis 3: The interrelationships between consumers’ general socio-political 

attitudes, their global evaluations of GM foods as a technology, and their global 

evaluations of the risks and benefits of GM foods can be better represented by a 

genuine top-down model (no risk benefit trade-off) than by a mixed-directionality 

model (including a risk-benefit trade-off). 

6.1.4. Attitude Strength 

The final research question to be investigated in Study 1 is concerned with the 

structural consistency and strength of the attitude system formed by general socio-
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political attitudes and attitudes towards genetically modified foods. As discussed in 

Chapter 3.4, the literature is somewhat ambiguous about this issue. One the one hand, 

research in the risk perception area (Earle & Cvetkovich, 1995; Siegrist & Cvetkovich, 

2000) suggests that top-down processes in attitude systems may serve as substitutes for 

more accurate, information-based judgments of the overall risks and benefits of a tech-

nology in situations where an individual does not possess enough information about the 

technology to be judged.  

The hypothesis reflects a more general point made in classical treatments of atti-

tude functions, namely that certain types of attitudes may have a knowledge function 

(Katz, 1960) that enables an individual to evaluate a novel attitude object by way of 

categorizing it as a special instance of a broader class of attitude objects for which 

evaluations already exist (Fiske & Neuberg, 1990; see Chapter 3). If the assumption 

were correct and applicable to the present case, we would expect that consumers with 

more factual knowledge about food science in general, and food biotechnology in 

particular, should rely less on top-down processes to arrive at their overall evaluations 

of genetically foods than less knowledgeable individuals. In other words, the attitude 

system formed by the interrelationships between general socio-political attitudes and 

attitudes to GM foods should be structurally less consistent and therefore weaker when 

factual knowledge is higher. 

On the other hand, theoretical analyses of attitude strength (Abelson & Prentice, 

1989; Eagly & Chaiken, 1995) suggest that attitudes which are firmly embedded in a 

larger system of higher-order attitudes and values gain strength through the very fact of 

being embedded in such system. Again, this reflects a notion that can be found in clas-

sical treatments of attitude functions, namely that attitudes may have a value-expressive 

function (Katz, 1960; Rokeach, 1968; Sherif, 1980) that allows an individual to main-

tain a consistent self-concept by aligning attitudes towards novel objects with other 

attitudes that are strongly endorsed by the individual. If this assumption were correct 

and applicable to the present case, we would expect that those individuals who rely 

more on top-down processes to arrive at their overall evaluations of genetically foods, 

should also have more confidence in their own ability to pass a judgment on the issue 
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of GM foods. Otherwise, inconsistency with higher-order attitudes would become 

apparent, threatening the integrity of the self-concept (Gross, Holtz & Miller, 1995). 

The two assumptions do not yield mutually exclusive predictions. Hence, two in-

dependent hypotheses can be formulated about the consequences that each of these 

assumptions would have on the structural consistency and strength of the attitude sys-

tem: is the system consistent with the assumptions of a knowledge function, or with the 

assumptions of a value-expressive function, or both. In operational terms, the hypothe-

ses can be stated as follows: 

 
• Hypothesis 4: The degree to which overall evaluations of genetically modified 

foods are determined by general socio-political attitudes is higher among consum-

ers with lower factual knowledge than among consumers with higher factual 

knowledge.  

 
• Hypothesis 5: The degree to which overall evaluations of genetically modified 

foods are determined by general socio-political attitudes is higher among consum-

ers with higher confidence in their own ability to make judgments about GM food 

than among consumers with lower confidence in their own ability to make such 

judgments. 

6.2. Pilot Research 

Pilot research8 was carried out in summer 1998 to identify a content-valid set of 

modal beliefs (Fishbein & Ajzen, 1975). Altogether, 400 laddering interviews (Rey-

nolds & Gutman, 1988) were conducted with regular beer and yoghurt consumers in 

Denmark, Germany, Italy, and the United Kingdom, including 50 interviews per prod-

uct category in each country. In the beer sample, quotas were imposed on consumption 

                                                 
8 The pilot study has already been published in detail in Bredahl (1998, 1999) and Scholderer, 

Balderjahn, Bredahl and Grunert (1999). Hence, only those parts of the research will be reported here 

that have direct relevance for the design of Study 1 (see Chapter 2 for a review of the overall results of 

the study). 
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frequency (with extreme consumers excluded), education, and gender. In the yoghurt 

sample, quotas were imposed on consumption frequency, education, and presence of 

children in the household. All yoghurt respondents were the main food shoppers in 

their households. 

Four product profiles were developed for each product category. The yoghurt prod-

ucts varied with respect to fat content, production method, presence of additives, and 

texture:  

 
• Traditional full-fat whole-milk yoghurt without additives, described as having “a 

nice taste and smooth texture”,  

• Traditional low-fat skim-milk yoghurt without additives, described as having “a 

nice taste and thin texture”,  

• Fat-free yoghurt containing stabilizers and antioxidants, described as having “a nice 

taste and smooth texture”, and  

• Fat-free yoghurt produced with genetically modified starter cultures, described as 

having “a nice taste and smooth texture”.  

 
The beer products varied with respect to production method, energy consumption/ 

environmental friendliness, quality of raw materials, and price:  

 
• Beer produced in a traditional way from high quality raw materials, sold at a me-

dium price,  

• Beer produced in a traditional way from standard quality raw materials, sold at a 

low price,  

• Beer produced by means of modern process technology (but not genetic modifica-

tion), ensuring lower time and energy expenditure during the production process, 

and thus more environmentally friendly, sold at a high price, and  

• Beer produced by means of genetically modified yeast, ensuring reductions in time 

and energy expenditure during the production process, and thus more environmen-

tally friendly, sold at a low price.  
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The benefits related to the genetic modification in the yoghurt example were ab-

sence of fat and a smooth texture without the use of artificial additives, whereas in the 

beer case the consumer benefits of applying genetic engineering were environmentally 

sound production and a lower price. Naturalistic yoghurt products were created from 

new yoghurt cups, which were filled with a substance resembling yoghurt in weight 

and filling, and provided with labels containing the relevant product information. Natu-

ralistic beer products were created from existing bottled beers that had their original 

labels removed before being equipped with the new labels containing the product in-

formation developed for this study.  

In this way, identical products were obtained for all beer and yoghurt alternatives, 

except for the label information. To make the product examples more realistic, the beer 

products were given brand names (“Classic” for the traditional, medium-price beer, 

“Economy” for the traditional, low-price beer, “Hi-tech” for the beer produced by 

unspecified modern process technology, and “Green” for the genetically modified 

beer). The yoghurts were kept as no-name products. All products were used for visual 

presentation only. 

In the first part of the interview, the participants were asked to rank the products 

according to preference and give their reasons for this ranking. In the second part, these 

salient attributes were used as starting points for the laddering procedure. Reverse 

laddering was used in cases where abstract attributes or consequences were mentioned 

initially. The interviewers listed the resulting ladders in standardized forms. In addi-

tion, all interviews were tape-recorded for subsequent quality checks. Altogether, 2187 

ladders were extracted from the yoghurt interviews and 1874 from the beer interviews. 

After completion of the fieldwork, the Danish laddering data were categorized into 

attributes, consequences, and values. By thorough meaning-based interpretation of all 

individually mentioned concepts, the data were then coded into broader categories. The 

procedure was carried out separately for the beer and yoghurt data. The resulting cate-

gories were translated and applied to the German, British, and Italian data. Additional 

categories were added when necessary. All codes were finally checked and synchro-

nized across countries, resulting in a 60-category system for the yoghurt data and a 61-

category system for the beer data. Modal beliefs about risks and benefits of genetically 
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modified foods were then identified by selecting the fifteen consequences that were 

most often associated with the attribute “genetically modified”. These included beliefs 

about product-related benefits, beliefs about benefits arising from genetic modification 

of foods as a general technology, beliefs about product related risks, as well as beliefs 

about risks arising from genetic modification of foods as a technology: 

 
• “Genetically modified food products will improve the standard of living of future 

generations”, 

• “Genetically modified food products will increase my own and my family’s stan-

dard of living”,  

• “Genetically modified food products are healthier than other food products”,  

• “Genetically modified food products are better quality foodstuffs than other food 

products”, 

• “Applying gene technology in food production will increase the product choice in 

supermarkets”,  

• “Applying gene technology in food production can be used to solve environmental 

problems”, 

• “Applying gene technology in food production will reduce the price of foods”,  

• “Applying gene technology in food production is a necessary activity”,  

• “Applying gene technology in food production will only benefit the producer”, 

• “Genetically modified food products will cause allergy in human beings”,  

• “Genetically modified food products are a threat to human health”, 

• “Applying gene technology in food production will cause environmental hazards”,  

• “Genetically modified organisms are likely to interfere with wild species in nature”,  

• “Nobody knows the long term consequences on the environment and human health 

of applying gene technology in food production”, and  

• “Applying gene technology in food production is unnatural”. 

 
These beliefs were then transformed into questionnaire items that could be used in 

a standardized consumer survey (see below).  
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6.3. Method 

6.3.1. Participants and Procedure 

In November and December 1998, altogether N = 2031 consumers from Denmark, 

Germany, Italy, and the United Kingdom participated in an attitude survey. Within 

each of the four countries, half of the participants were sampled at random from nation-

ally representative panels of beer consumers. The other half of the respondents was 

sampled at random from nationally representative panels of yoghurt consumers9. 

Demographic characteristics of the participants are shown in Table 6.1. 

Danish, German, and Italian respondents were personally interviewed at home. UK 

respondents were interviewed at central research facilities. Before the actual interviews 

started, respondents received an information sheet providing a common definition of 

the term “gene technology” (see Appendix 1), making sure that the same attitude object 

would be evaluated by all respondents. After respondents had read the definition and 

indicated they had fully understood its content, they were asked to fill in the first part 

of the questionnaire. This first part consisted of 15 items measuring specific beliefs 

about gene technology in food production, 9 items measuring overall evaluations of 

gene technology in food production, and altogether 21 items measuring other, more 

general socio-political attitudes (see below). None of the items asked as yet about 

specific products.  

After respondents had completed the first part of the questionnaire, they received 

an information sheet describing one out of two genetically modified example products. 

For beer consumers, the example product was a fictitious lager brand produced by 

means of genetically modified yeast. For yoghurt consumers, the example product was 

a fictitious fat-free yoghurt brand produced by means of genetically modified starter 

cultures.  

                                                 
9 Data collection in the four countries was subcontracted to local market research institutes 

maintaining nationally representative consumer panels for all major product categories. 
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Table 6.1. Demographic characteristics of Study 1 participants. 

 Country  

Variable Denmark Germany Italy UK Total 

Sample Size       

Total N 505 516 511 499 2031 
Beer consumers 255 258 255 249 1017 
Yoghurt consumers 250 258 256 250 1014 

Age       

Total M (SD) 44.53 
(16.57) 

44.04  
(16.33) 

36.46  
(13.84) 

38.43  
(13.19) 

40.91  
(15.48) 

Beer consumers 43.98  
(17.44) 

44.92  
(15.36) 

35.90  
(13.28) 

37.65  
(12.12) 

40.68  
(15.23) 

Yoghurt consumers 45.09  
(15.64) 

43.17  
(17.23) 

37.00  
(14.38) 

39.21  
(14.17) 

41.14  
(15.74) 

Sex       

Total % female (male) 46.3  (53.7) 43.1  (56.9) 50.4  (49.6) 59.4  (40.6) 49.7  (50.3) 
Beer consumers 33.2  (66.7) 28.0  (72.0) 40.0  (60.0) 26.7  (73.3) 32.0  (68.0) 
Yoghurt consumers 59.5  (40.4) 58.1  (41.9) 60.9  (39.1) 91.9  (8.1) 67.6  (32.4) 

Family status      

Total % single (cohabit.) 30.6  (69.4) 35.7  (64.3) 41.2  (48.8) 25.7  (74.3) 33.3  (66.7) 
Beer consumers 31.7  (68.3) 31.7  (68.3) 40.2  (59.8) 28.0  (72.0) 32.9  (67.1) 
Yoghurt consumers 29.4  (70.6) 39.6  (60.4) 42.3  (57.7) 23.4  (76.6) 33.6  (66.4) 

Household size      

Total Median (Min, Max) 2  (1, 6) 2  (1, 8) 4  (1, 6) 3  (1, 8) 3  (1, 8) 
Beer consumers 2  (1, 6) 2  (1, 8) 4  (1, 6) 3  (1, 7) 3  (1, 8) 
Yoghurt consumers 2  (1, 6) 2  (1, 6) 4  (1, 6) 3  (1, 8) 3  (1, 8) 

 

 

After having read the information materials, participants were asked to fill in the sec-

ond part of the questionnaire, containing a larger number of items concerned with 

attitudes towards the product examples. This part of the survey has already been pub-

lished in detail in Bredahl (2001). Hence, no further analyses will be reported here 

concerning the product-specific parts of the survey. 
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6.3.2. Belief Measures 

The set of fifteen modal beliefs identified in the pilot study was used to assess con-

sumers’ beliefs about specific risks and benefits associated with genetically modified 

foods. Based on the classification by Bredahl, Grunert and Frewer (1998), such beliefs 

can be grouped into four sets: (PB) product-related benefit beliefs, (CB) process-related 

benefit beliefs, (PR) product-related risk beliefs, and (CR) process-related risk beliefs. 

Each belief was transformed into a questionnaire item, answered on a seven-point scale 

ranging from “strongly disagree” to “strongly agree”. 

Product-related benefit beliefs. Participants’ beliefs about the benefits of product 

innovations developed by means of gene technology were measured by four items: 

(PB1) “Genetically modified food products will improve the standard of living of the 

future generations”, (PB2) “Genetically modified food products will increase my own 

and my family’s standard of living”, (PB3) “Genetically modified food products are 

healthier than other food products”, and (PB4) “Genetically modified food products are 

better quality foodstuffs than other food products”. 

Process-related benefit beliefs. Participants’ beliefs about the benefits of gene 

technology as a process innovation in food production were measured by five items: 

(CB1) “Applying gene technology in food production will increase the product choice 

in supermarkets”, (CB2) “Applying gene technology in food production can be used to 

solve environmental problems”, (CB3) “Applying gene technology in food production 

will reduce the price of food products”, (CB4) “Applying gene technology in food 

production is a necessary activity”, and (CB5) “Applying gene technology in food 

production will only benefit the producer” [-]10. 

Product-related risk beliefs. Participants’ beliefs about the risks of product innova-

tions developed by means of gene technology were measured by four items: (PR1) 

“Genetically modified food products will cause allergy in human beings”, and (PR2) 

“Genetically modified food products are a threat to human health”. 

 

                                                 
10 [-] indicates a negatively formulated item. 
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Table 6.2. Means and standard deviations of specific belief measures. 

 Country  

Variable Denmark Germany Italy UK Total 
 M (SD) M (SD) M (SD) M (SD) M (SD) 

Product-related benefit 
beliefs 

     

PB1 3.12 (1.93) 3.54 (1.80) 3.92 (1.73) 3.73 (1.60) 3.58 (1.79) 

PB2 2.73 (1.73) 2.66 (1.73) 3.78 (1.65) 3.43 (1.55) 3.15 (1.73) 

PB3 2.23 (1.47) 2.30 (1.48) 3.50 (1.72) 3.12 (1.49) 2.79 (1.63) 

PB4 2.53 (1.68) 2.76 (1.72) 3.51 (1.72) 3.19 (1.52) 3.00 (1.70) 

Process-related benefit 
beliefs 

     

CB1 3.71 (2.05) 4.51 (1.78) 4.50 (1.78) 4.21 (1.60) 4.23 (1.84) 

CB2 3.01 (1.86) 3.67 (1.81) 4.11 (1.67) 3.66 (1.61) 3.62 (1.78) 

CB3 3.72 (2.05) 3.50 (1.90) 4.29 (1.84) 3.48 (1.60) 3.75 (1.88) 

CB4 2.22 (1.67) 2.88 (1.84) 3.72 (1.81) 3.10 (1.64) 2.98 (1.82) 

CB5 4.76 (1.97) 5.19 (1.75) 4.59 (1.79) 4.74 (1.67) 4.82 (1.81) 

Product-related risk 
beliefs 

     

PR1 3.95 (1.77) 4.38 (1.78) 3.96 (1.73) 4.21 (1.49) 4.12 (1.70) 

PR2 4.39 (2.04) 4.48 (1.90) 3.99 (1.73) 4.09 (1.64) 4.24 (1.84) 

Process-related risk 
beliefs 

     

CR1 4.31 (1.98) 4.54 (1.74) 3.92 (1.74) 4.20 (1.60) 4.24 (1.78) 

CR2 4.91 (1.86) 4.76 (1.66) 4.36 (1.65) 4.62 (1.60) 4.66 (1.71) 

CR3 6.00 (1.60) 6.00 (1.41) 4.81 (1.81) 5.70 (1.42) 5.62 (1.64) 

CR4 5.44 (1.99) 5.69 (1.67) 4.61 (1.92) 5.09 (1.76) 5.21 (1.88) 

 

 

Process-related risk beliefs. Participants’ beliefs about the risks of gene technol-

ogy as a process innovation in food production were measured by five items: (CR1) 

“Applying gene technology in food production will cause environmental hazards”, 
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(CR2) “Genetically modified organisms are likely to interfere with wild species in 

nature”, (CR3) “Nobody knows the long term consequences on the environment and 

human health of applying gene technology in food production”, and (CR4) “Applying 

gene technology in food production is unnatural”. Means and standard deviations are 

presented in Table 6.1. 

6.3.3. Overall Evaluation Measures 

In addition to the specific belief measures, three global evaluative constructs were 

used to assess the structure of respondents’ attitudes towards gene technology in food 

production: (A) overall evaluation of genetically modified foods as a technology, (B) 

overall benefit evaluation, and (R) overall risk evaluation.  

Overall technology evaluation. Respondents’ overall evaluation of genetically 

modified foods as a technology was measured by three items: (A1) “Applying gene 

technology in food production is ...”, to be answered on a seven-point scale ranging 

from “extremely bad” to “extremely good”, (A2) “Applying gene technology in food 

production is ...”, to be answered on a seven-point scale ranging from “extremely fool-

ish” to “extremely wise”, and (A3) “I am strongly ... applying gene technology in food 

production”, to be answered on a seven-point scale ranging from “strongly against” to 

“strongly for”. 

Overall benefit evaluation. Respondents’ overall benefit evaluation was measured 

by three items, each answered on seven-point scales ranging from “strongly disagree” 

to “strongly agree”: (B1) “Overall, applying gene technology to produce food products 

will prove beneficial to the environment, myself and other people who are important to 

me”, (B2) “Overall, applying gene technology to produce food products will offer great 

benefits to the environment, myself and other people who are important to me”, and 

(B3) “Overall, applying gene technology to produce food products will prove advanta-

geous to the environment, myself and other people who are important to me”. 

Overall risk evaluation. Respondents’ overall risk evaluation was measured by an-

other three items, again to be answered on seven-point scales ranging from “strongly 

disagree” to “strongly agree”: (R1) “Overall, applying gene technology to produce food 
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products involves considerable risk to the environment, myself and other people who 

are important to me”, (R2) “Overall, applying gene technology to produce food prod-

ucts will prove harmful to the environment, myself and other people who are important 

to me”, and (R3) “Overall, applying gene technology to produce food products will 

prove disadvantageous to the environment, myself and other people who are important 

to me”. Means and standard deviations are presented in Table 6.3. 

 

 

Table 6.3. Means and standard deviations of global evaluation measures. 

 Country  

Variable Denmark Germany Italy UK Total 
 M (SD) M (SD) M (SD) M (SD) M (SD) 

Overall technology 
evaluation  

     

A1 2.70 (1.57) 2.98 (1.64) 3.92 (1.66) 3.51 (1.52) 3.28 (1.67) 

A2 2.70 (1.69) 3.08 (1.68) 3.83 (1.57) 3.54 (1.53) 3.33 (1.66) 

A3 2.85 (1.74) 2.76 (1.70) 3.94 (1.74) 3.30 (1.57) 3.21 (1.75) 

Overall benefit 
evaluation 

     

B1 2.82 (1.81) 3.03 (1.68) 3.80 (1.71) 3.57 (1.63) 3.33 (1.74) 

B2 2.94 (1.71) 2.98 (1.74) 3.78 (1.59) 3.49 (1.56) 3.27 (1.69) 

B3 2.82 (1.80) 3.05 (1.73) 3.86 (1.66) 3.56 (1.58) 3.36 (1.73) 

Overall risk evaluation      

R1 2.98 (2.04) 4.79 (1.79) 4.06 (1.69) 4.30 (1.65) 4.44 (1.82) 

R2 4.60 (2.01) 4.60 (1.81) 3.92 (1.70) 4.19 (1.64) 4.30 (1.81) 

R3 4.50 (1.99) 4.72 (1.75) 4.06 (1.70) 4.44 (1.55) 4.44 (1.77) 
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6.3.4. General Socio-political Attitude Measures 

To assess the degree to which respondents’ attitudes towards genetically modified 

foods were embedded into a system of more general attitudes, a number of established 

instruments were adopted for the present study, including (AE) attitude towards envi-

ronment and nature, (AT) attitude towards technology, and (ST) social trust. All items 

were answered on seven-point scales ranging from “strongly disagree” to “strongly 

agree”. 

Attitude towards environment and nature. Respondents’ general attitude towards 

environment and nature was measured by six items from the “new environmental para-

digm” scale by Dunlap and Van Liere (1978). Steger, Pierce, Steel and Lovrich (1989) 

report the abbreviated version to be as reliable as the complete scale. Thus, the items 

included in the present study were (AE1) “The balance of nature is very delicate and 

easily upset by human activities”, (AE2) “The earth is like a spaceship with only lim-

ited room and resources”, (AE3) “Plants and animals do not exist primarily to be used 

by humans”, (AE4) “Modifying the environment for human use seldom causes serious 

problems”, (AE5) “There are no limits to growth for nations like [Den-

mark/Germany/Italy/UK]” [-], and (AE6) “Mankind was created to rule over the rest of 

nature” [-]. 

Attitude towards technology. Respondents’ general attitude towards modern tech-

nologies was measured by five items adapted from Hamstra (1991), including (AT1) 

“The degree of civilization of a people can be measured from the degree of its techno-

logical development”, (AT2) “New technological inventions and applications make up 

the driving force of the progress of society”, (AT3) “In [Denmark/Germany/Italy/UK] 

and in the rest of Europe we are probably better off than ever, thanks to the tremendous 

progress in technology”, (AT4) “Throughout the ages, technological know-how has 

been the most important weapon in the struggle for life”, and (AT5) “Because of the 

development of technology we will be able to face up to the problems of tomorrow’s 

society”. 

Social trust. Respondents’ general attitude towards the competence of actors and 

institutions regulating emerging technologies and managing their risks was measured 

by three items adapted from Frewer, Shepherd and Sparks (1994), including (ST1) 
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“Science is very knowledgeable about the use of gene technology in food production”, 

(ST2) “The government is very knowledgeable about the use of gene technology in 

food production”, and (ST3) “The industry is very knowledgeable about the use of gene 

technology in food production”.  

 

Table 6.4. Means and standard deviations of general socio-political attitude measures. 

 Country  

Variable Denmark Germany Italy UK Total 
 M (SD) M (SD) M (SD) M (SD) M (SD) 

Attitude towards 
environment and 
nature 

     

AN1 6.203 (1.257) 5.991 (1.349) 5.452 (1.669) 5.521 (1.397) 5.764 (1.470) 

AN2 5.499 (1.691) 5.669 (1.604) 4.675 (1.824) 5.176 (1.597) 5.228 (1.726) 

AN3 6.117 (1.505) 5.483 (1.625) 4.245 (1.985) 5.521 (1.505) 5.293 (1.812) 

AN4 5.831 (1.540) 4.899 (1.890) 4.967 (1.849) 4.703 (1.719) 5.070 (1.808) 

AN5 5.535 (1.613) 4.745 (1.839) 4.558 (1.777) 4.341 (1.643) 4.759 (1.776) 

AN6 5.956 (1.670) 5.548 (1.713) 4.683 (1.856) 5.040 (1.788) 5.265 (1.827) 

Attitude towards 
technology 

     

AT1 3.597 (1.878) 4.736 (1.590) 4.432 (1.791) 3.836 (1.533) 4.162 (1.754) 

AT2 4.790 (1.604) 5.143 (1.449) 4.832 (1.544) 4.495 (1.354) 4.807 (1.503) 

AT3 4.570 (1.712) 5.208 (1.395) 4.783 (1.502) 4.752 (1.418) 4.830 (1.521) 

AT4 4.538 (1.702) 5.043 (1.457) 4.910 (1.399) 4.794 (1.417) 4.829 (1.498) 

AT5 3.670 (1.818) 4.803 (1.446) 4.468 (1.689) 4.377 (1.494) 4.349 (1.659) 

Social trust      

ST1 4.100 (1.790) 5.179 (1.601) 4.468 (1.728) 4.246 (1.597) 4.498 (1.725) 

ST2 2.645 (1.524) 4.237 (1.805) 4.055 (1.748) 3.609 (1.658) 3.670 (1.790) 

ST3 3.751 (1.795) 5.136 (1.615) 5.072 (1.610) 3.894 (1.620) 4.483 (1.774) 
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All items were answered on seven-point scales ranging from “strongly disagree” to 

“strongly agree”. Means and standard deviations are presented in Table 6.4. 

6.3.5. Factual Knowledge and Judgmental Confidence Measures 

Factual knowledge. Participants’ factual knowledge (KN) about food science and 

food biotechnology issues was measured by eight items: (KN1) “Enzymes are used in 

all foods” [-], (KN2) “All bacteria found in food are harmful” [-], (KN3) “Some pro-

teins found in foods can be toxic”, (KN4) “Natural does not necessarily mean healthy”, 

(KN5) “All processed foods are made using genetically modified products” [-], (KN6) 

“We eat DNA everyday”, (KN7) “To be healthy food should be sterile before it is 

eaten” [-], and (KN8) “There are no laws or regulations on the use of gene technology 

in food production” [-]. All items were answered on dichotomous true-false scales. 

Prior to the analysis, data were recoded so that the means and standard deviations in 

Table 6.5 refer to incorrect answers (coded as 0) versus correct answers (coded as 1). 

Judgmental confidence. Participants’ confidence in their own ability to make judg-

ments about gene technology was measured by the item (AC1) “I personally am very 

knowledgeable about the use of gene technology in food production”. The item was 

answered on a seven-point scale ranging from “strongly disagree” to “strongly agree”. 

Means and standard deviations are presented in Table 6.5. 
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Table 6.5. Means and standard deviations of objective knowledge and attitude certainty measures. 

 Country  

Variable Denmark Germany Italy UK Total 
 M (SD) M (SD) M (SD) M (SD) M (SD) 

Objective knowledge      

KN1 0.641 (.480) 0.481 (.500) 0.526 (.515) 0.483 (.535) 0.529 (.513) 

KN2 0.905 (.294) 0.792 (.406) 0.362 (.485) 0.842 (.382) 0.712 (.458) 

KN3 0.489 (.500) 0.642 (.480) 0.571 (.511) 0.583 (.529) 0.573 (.509) 

KN4 0.914 (.280) 0.841 (.366) 0.601 (.498) 0.852 (.378) 0.794 (.412) 

KN5 0.956 (.205) 0.928 (.258) 0.779 (.425) 0.814 (.395) 0.863 (.349) 

KN6 0.533 (.500) 0.331 (.471) 0.339 (.498) 0.473 (.535) 0.415 (.509) 

KN7 0.883 (.322) 0.494 (.501) 0.687 (.468) 0.713 (.483) 0.691 (.471) 

KN8 0.682 (.466) 0.609 (.489) 0.699 (.468) 0.629 (.523) 0.655 (.489) 

KN sum score 5.889 (1.315) 5.070 (1.446) 4.607 (1.407) 5.493 (1.496) 5.261 (1.495) 

Judgmental confidence      

JC1 2.956 (1.647) 3.396 (1.641) 3.006 (1.642) 2.802 (1.515) 3.034 (1.623) 
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6.4. Analysis and Results 

Data analysis and results will be presented in two steps. First, we will concentrate 

on intra-attitudinal structures, probing their directionality and dimensionality (Hy-

potheses 1 and 2). Then, we will focus on inter-attitudinal structures, examining their 

directionality (Hypothesis 3). Finally, we will present results pertaining to the struc-

tural consistency and strength of the attitude system (Hypotheses 4 and 5). Within each 

section, we will first specify the models to be estimated, then report details of the esti-

mation, and finally compare the different models by appropriate techniques to provide 

answers to the hypotheses, along with estimates of the respective model parameters. 

6.4.1. Competing Models of Intra-attitudinal Structure 

Model specification. Altogether, seven competing measurement models were 

specified. Models 1, 2 and 3 were top-down models of intra-attitudinal structure, as-

suming that the 15 specific belief measures included in the survey are functions of 

more general, heuristic evaluation dimensions. These were implemented as reflective, 

factor-analytic measurement models. The crucial assumption that makes these models 

testable is that of local independence: once the effects of heuristic evaluation dimen-

sions on the belief measures are controlled for, all residuals in the belief measures 

should be uncorrelated (see Chapter 5.3.1). 

 The three models differed in the dimensionality they assumed. Model 1 assumed 

that one heuristic evaluation dimension (risk versus benefit) would be necessary and 

sufficient to explain the observed covariation between the fifteen specific belief meas-

ures. Model 2 assumed that two heuristic evaluation dimensions (risk and benefit) 

would be necessary and sufficient, and Model 3 assumed that four heuristic evaluation 

dimensions (product-related risk, process-related risk, product related benefit, and 

process-related benefit, respectively) would be necessary and sufficient. Conceptual 

models are depicted in path diagram notation in Figure 6.3. 

Models 4, 5 and 6 were bottom-up models of intra-attitudinal structure, assuming 

that beliefs are the basic components from which aggregate evaluations are formed. 

These were implemented as formative, MIMIC-type measurement models, where all 
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belief measures operate as manifest exogenous variables, and an aggregate evaluation 

dimension is then defined as a joint function of the beliefs. Formative measurement 

models make no assumptions about local independence (see Chapter 5.3.2). Hence, 

Models 4, 5 and 6 provide a far less constrained measurement structure relative to 

which Models 1, 2 and 3 can be evaluated. 

In analogy to the top-down models, the three bottom-up models differed in the di-

mensionality they assumed. Model 1 assumed that one aggregate evaluation dimension 

(risk versus benefit) would be necessary and sufficient, Model 2 assumed that two 

aggregate evaluation dimensions (risk and benefit) would be necessary and sufficient, 

and Model 3 assumed that four aggregate evaluation dimensions (product-related risk, 

process-related risk, product related benefit, and process-related benefit, respectively) 

would be necessary and sufficient. Conceptual models are depicted in Figure 6.4 . 

Finally, Model 7 assumed no general evaluation dimensions at all. In this model, 

all beliefs were specified as manifest exogenous variables that operate as their own 

evaluative dimensions. No further assumptions were made. Technically, Model 7 is not 

a true statistical model that can be falsified in any way. It will be regarded as a satu-

rated model against which the slightly more restricted measurement structures in Mod-

els 4, 5, and 6 as well as the far more restricted measurement structures assumed by 

Models 1, 2 and 3, can be evaluated. A conceptual model is depicted in Figure 6.5. 

Since the errors of the latent dimensions in formative, MIMIC-type measurement 

structures (as assumed by Models 4, 5 and 6) are only identified when each of the latent 

dimensions emits at least two paths to other variables in the model which are not for-

mative indicators of the same or another latent variable (see Chapter 5.3.2), and since 

Model 7 only becomes an equation once one or more dependent variables are added, 

two endogenous factors, global benefit evaluation and global risk evaluation, were 

added to each model to provide identification. The measurement models for these were 

factor-analytic, including as indicators the three global benefit-evaluation measures 

(B1, B2 and B3; see above) and the three global risk-evaluation measures (R1, R2 and 

R3, see above) that had been collected in the survey in addition to the fifteen specific 

belief measures. 
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Figure 6.3. Top-down models of intra-attitudinal structure: Model 1 (one-dimensional top-down 

structure), Model 2 (two-dimensional top-down structure) and Model 3 (four-dimensional top-down 

structure).  
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Figure 6.4. Bottom-up models of intra-attitudinal structure: Model 4 (one-dimensional bottom-up 

structure), Model 5 (two-dimensional bottom-up structure) and Model 6 (four-dimensional bottom-up 

structure). 



 Chapter 6: Study 1 141 

Overall
benefit

evaluation
B3

B2

B1

Overall
risk

evaluation
R3

R2

R1PR2

PR1

CR4

CR3

CR2

CR1

PB4

PB3

PB2

PB1

CB4

CB3

CB2

CB1

CB5

Overall
benefit

evaluation
B3

B2

B1

Overall
risk

evaluation
R3

R2

R1PR2

PR1

CR4

CR3

CR2

CR1

PB4

PB3

PB2

PB1

CB4

CB3

CB2

CB1

CB5

 

Figure 6.5. Saturated model of intra-attitudinal structure: Model 7 (each belief its own evaluative 

dimension). 

 

Normality check. To check whether the distributional assumptions of maximum 

likelihood estimation were met, multivariate skewness and kurtosis statistics were 

computed for the joint distribution of the 15 specific belief measures and the 6 global 

evaluation measures within each sample. In the Danish sub-sample, the multivariate 

skewness was 74.120 (Z = 43.26, p < .001), and the multivariate kurtosis was 638.25 (Z 

= 23.25, p < .001). Taken together, the multivariate distribution departed significantly 

from normality (χ2 = 2412.67, p < .001). Similar conditions were found in the German 

sub-sample (skewness = 62.51, Z = 38.13, p < .001; kurtosis = 630.92, Z = 23.29, p < 

.001; χ2 = 1996.80, p < .001), the Italian sub-sample (skewness = 49.31, Z = 29.78, p < 

.001; kurtosis = 603.62, Z = 21.42, p < .001; χ2 = 1346.11, p < .001), and the UK sub-

sample (skewness = 82.46, Z = 50.93, p < .001; kurtosis = 696.37, Z = 27.50, p < .001; 

χ2 = 3350.50, p < .001). Hence, corrections for non-normality will be used in the analy-

ses. 
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Estimation. All models were estimated by means of maximum likelihood using 

LISREL 8.54 (Jöreskog & Sörbom, 1996; Jöreskog, Sörbom, du Toit & du Toit, 1999, 

2003). To account for the non-normality detected in the data, the Satorra-Bentler scaled 

χ2 statistic was used in all computations instead of the normal minimum fit-function χ2 

that assumes multivariate normality (Satorra & Bentler, 1988; see Chapter 5.2.5). Esti-

mation was based on within-sample covariance matrices and asymptotic covariance 

matrices computed from the Danish (N = 505), German (N = 516), Italian (N = 511), 

and UK (N = 499) sub-samples. All models were estimated simultaneously in the four 

groups. At this stage, no constraints were imposed across groups.  

 

 

Table 6.6. Goodness-of-fit and model comparison statistics for competing models of intra-attitudinal 

structure. 

  Goodness-of-fit 
statistics  

Model 
comparison 

statistic 

No. Estimated model Satorra-
Bentler χ2 df p < RMSEA  CAIC 

 Top-down models       

1 One heuristic evaluation dimension 3269.21 748 .001 .081  4785.68 

2 Two heuristic evaluation dimensions 2134.04 736 .001 .061  3753.90 

3 Four heuristic evaluation dimensions 2070.41 700 .001 .062  4000.46 

 Bottom-up models       

4 One aggregate evaluation dimension 804.08 328 .001 .053  5939.39 

5 Two aggregate evaluation dimensions 549.58 320 .001 .038  5753.82 

6 Four aggregate evaluation dimensions 533.98 304 .001 .039  5876.08 

 Saturated model       

7 Each belief its own evaluative 

dimension 

509.09 276 .001 .041  6092.44 
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Goodness of fit. Goodness-of-fit statistics are presented in Table 6.6. Given the 

large samples on which the present analysis was based, it comes as no surprise that, in 

all instances, the overall goodness-of-fit χ2 indicates significant deviations of model-

implied from observed covariance matrices, even though Satorra and Bentler’s scaled 

χ2 was used in the test. As discussed in Chapter 5.2.3, the overall χ2 test gains exces-

sive power in large samples (Bollen, 1990) and is therefore of limited use here. The 

RMSEA, as a descriptive goodness-of-fit measure, indicates acceptable fit for all mod-

els apart from Model 1, where it is slightly above the conventional acceptance limit of 

RMSEA < .08 (Cudeck & Browne, 1993). However, the RMSEA does not penalize 

model complexity and is therefore somewhat sensitive to over-fitting (Haughton, Oud 

& Jansen, 1997; Hu & Bentler, 1998). Hence, it is no surprise either that the RMSEA 

steadily decreases when the models become more complex, i.e. have fewer degrees of 

freedom. 

Model comparisons. Since the seven models to be compared in this analysis cannot 

be expressed as a hierarchically nested sequence, we will use an information-theoretic 

measure, the CAIC, for a comparative evaluation of their fit (see Chapter 5.2.4). CAIC 

values for all models are shown in Table 6.6. The decision rule used in connection with 

the CAIC is that, among a set of competing models that are specified a priori, the one 

yielding the lowest CAIC value is to be selected. Among the models included in this 

analysis, Model 2 (the top-down model with two heuristic evaluation dimensions) 

yielded the lowest CAIC and will therefore be accepted as the best representation of the 

data. 

Hypothesis evaluation. The accepted model supports the predictions made in Hy-

potheses 1 and 2. Hence, it can be concluded that the interrelationships between con-

sumers’ beliefs about specific risks and benefits of genetically modified foods can best 

be represented by a two-dimensional top-down model of intra-attitudinal structure. In 

this model, all beliefs about benefits of genetically modified foods are functions of a 

common, underlying factor (heuristic benefit evaluation), and, in the same manner, all 

beliefs about risk of genetically modified foods are functions of a second common, 

underlying factor (heuristic risk evaluation). The model does not support the existence 

of a risk-benefit trade-off or any other form of compositional attitude formation. 
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6.4.2. Invariance across Populations 

Model specification. The above analysis was conducted simultaneously, but with 

independent parameterizations in the four sub-samples from Denmark, Germany, Italy 

and the UK. To examine the degree to which the model was invariant in its parameters 

across the four populations, the measurement model was re-specified as a multi-sample 

confirmatory factor analysis model involving a means structure, allowing more exten-

sive checks of differences between populations than a model based on mean-centered 

variables alone (see Chapter 5.4). The endogenous variables (overall benefit evaluation 

and overall risk evaluations), which had in the previous analysis only been necessary 

for identification of formative, MIMIC-type measurement models, will be omitted here 

as the accepted measurement model is a factor-analytic, reflective one. 

Following the procedure suggested by Steenkamp and Baumgartner (1998), six hi-

erarchically nested models were estimated. In each step, a further set of constraints on 

the means-and-covariance structure was relaxed. Model 1 (identity) constrained factor 

loadings Λx, item intercepts τx, factor covariances and variances Φ, error variances Θδ, 

and latent factor means κ to be invariant across populations. Model 2 (error variance 

invariance) constrained factor loadings, item intercepts, factor covariances and factor 

variances, and measurement error variances to be invariant. Model 3 (factor variance 

invariance) constrained factor loadings, item intercepts, factor covariances, and factor 

variances to be invariant. Model 4 (factor covariance invariance) constrained factor 

loadings, item intercepts, and factor covariances to be invariant. Model 5 (scalar invari-

ance) constrained factor loadings and item intercepts to be invariant. Model 6 (metric 

invariance) constrained the complete matrix of factor loadings to be invariant. Model 7 

(configural invariance) imposed an identical simple structure on the data, assuming the 

same pattern of zero and non-zero loadings to hold in all samples.  

Estimation. The same estimation method was used as above, but now also based on 

within-sample mean vectors in addition to within-sample covariance matrices and 

asymptotic covariance matrices. Goodness-of-fit statistics and model comparison statis-

tics are shown in Table 6.7. 
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Table 6.7. Measurement invariance of two-dimensional top-down model across populations. 

  Goodness-of-fit statistics 

No. Estimated model Satorra-Bentler 
χ2 df p < RMSEA 

1 Identity  3898.53 494 .001 .117 

2 Error variance invariance  3644.27 488 .001 .113 

3 Factor variance invariance 2161.39 443 .001 .087 

4 Factor covariance invariance 2139.60 437 .001 .088 

5 Scalar invariance 2124.62 434 .001 .088 

6 Metric invariance 1614.72 395 .001 .078 

7 Configural invariance 1378.34 356 .001 .075 

  Stepwise model comparison statistics 

No. Invariance constraint relaxed Satorra-Bentler 
scaled ∆χ2 ∆df p < NFI 

1 None      

2 Factor means     891.27 6 .001 .065 

3 Error variances     362.08 45 .001 .407 

4 Factor variances      18.53  6 .010 .010 

5 Factor covariances      14.88  3 .010 .007 

6 Item intercepts  1758.58 39 .001 .240 

7 Factor loadings    407.35 39 .001 .146 

 

 

Goodness of fit. The overall goodness-of-fit χ2 indicated significant deviations of 

model-implied from observed covariance matrices for all models. Because of the ex-

cessive statistical power the test gained from the large samples involved in the analysis, 

it shall not be used as a criterion for model evaluation here. The RMSEA, as a descrip-

tive measure of model fit, declined in two major steps. The first major step occurred 

between Models 2 and 3, when error variances (i.e., the item reliabilities of the belief 

measures) were allowed to differ between populations. The second major step occurred 
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between Models 5 and 6, when item intercepts (i.e., the item-specific location parame-

ters of the belief measures) were allowed to vary between populations. Between these 

steps, the RMSEA changed only slightly in its value. Acceptable fit (RMSEA < .08) 

was indicated for Model 6 (metric invariance) and Model 7 (configural invariance). 

From this, it can already be concluded that the pattern of zero and non-zero factor 

loadings as well as the factor loadings themselves did not vary across the four con-

sumer populations in which the data had been collected. 

Model comparisons. Stepwise model comparisons, shown in the lower part of Ta-

ble 7.7, give a more detailed account of the invariance of measurement properties 

across populations. The explicit model comparison test, using Satorra and Bentler’s 

scaled χ2-difference statistic (Satorra, 2000; Satorra & Bentler, 1999; see Chapter 

5.2.5), indicated significant improvement at every step in which constraints were re-

laxed. Again, it is somewhat difficult to interpret these test results since differences 

between chi-squares are, as the chi-squares themselves, still a function of sample size 

and therefore sensitive to problems of excessive power in large samples. Moreover, it 

appears from the absolute values of the ∆χ2 that the Satorra and Bentler’s scaling cor-

rection has in several instances blown the difference between two models out of pro-

portion11. However, the ∆χ2 values and associated ps were somewhat lower in the 

comparisons of Models 3 and 4 (where factor variances were allowed to differ) and 

Models 4 and 5 (where factor covariances were allowed to differ), indicating that there 

were relatively small differences between populations in these parameters.  

This is reflected in the stepwise NFI values that were computed for each model 

comparison. The stepwise NFI can be interpreted as the relative amount of the way 

towards perfect fit that is accomplished by relaxing the particular constraints that dis-

tinguish two nested models. The NFI values indicate that only approximately 7% im-

provement is gained by relaxing constraints on latent factor means, and only 1% further 

improvement by relaxing constraints on factor variances and covariances, respectively. 

On the other hand, and reflecting the behavior of the RMSEA (see above), the NFI 

                                                 
11 Albert Satorra and Peter Bentler, the authors of the scaling correction, were contacted about this 

problem but could not offer a convincing explanation apart from potential irregularities in the data 

(Satorra, 2000, personal communication). 
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indicates that about 41% improvement is gained when constraints on error variances 

are relaxed, and 24% when constraints on item intercepts are relaxed. Finally, 15% 

further improvement is gained when constraints on factor loadings are relaxed. Differ-

ences between factor loadings can be somewhat discounted because, in the analysis of 

model-wise fit, the RMSEA indicated acceptable overall fit for Model 6, where all 

factor loadings had been specified to be invariant across populations. 

Final model. Incorporating the above results, a final model was specified where all 

factor loadings, all factor covariances and all factor variances were invariant across 

populations, whereas item intercepts, error variances, and latent factor means were 

allowed to differ. The model was estimated in the same way as the models above and 

yielded acceptable fit (Satorra-Bentler χ2 = 1649.95, df = 404, p < .001 ; RMSEA = 

.078). Attempts were made to find a representation with partial scalar invariance 

(Byrne, Shavelson & Muthén, 1989; see Chapter 5.4.3) that would invoke a common 

scale for the latent factor means. However, no pair of item intercepts could be found for 

any of the two factors in the model that were invariant across the four populations. 

Hence, means of belief measures as well as latent factor means remain additively bi-

ased and cannot be meaningfully compared across population.  

Parameter estimates. Factor loadings, factor covariances and factor variances, on 

the other hand, can be compared across populations. The invariant subset of parameter 

estimates for the final model is shown in Figure 6.6 (in path diagram notation; stan-

dardized solution). The model appears satisfactory by common standards of construct 

validity. All factor loadings were above .30, and only two were below .50. Hence, the 

belief measures show sufficient convergent validity in the degree to which they express 

their underlying heuristic evaluation dimensions. The belief with the highest factor 

loading, or, in more substantial terms, the belief that was the strongest expression of the 

consumers’ heuristic benefit evaluation, was PB4 (“Genetically modified food products 

are better quality foodstuffs than other food products”). The belief that was the strong-

est expression of consumers’ heuristic risk evaluation, on the other hand, was PR2 

(“Genetically modified food products are a threat to human health”). 
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Figure 6.6. Population-invariant parameter estimates for final model of intra-attitudinal structure 

(standardized solution). 

 

The two underlying dimensions, heuristic benefit evaluation and heuristic risk 

evaluation, were operationalized by the respective sets of beliefs with sufficient con-

struct reliability (Jöreskog’s rho = .85 for heuristic benefit evaluation and .78 for heu-

ristic risk evaluation). The constructs were highly negatively correlated (φ = -.79), 

which could be expected from previous research (see Chapter 2.5). However, the factor 
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intercorrelation was still substantially below and significantly different from 1 to indi-

cate discriminant validity of the two factors.  

The analyses in this section were concerned with intra-attitudinal structure, model-

ing the properties of consumers’ attitudes towards genetically modified foods on a 

molecular level. In the following section, similar properties will be investigated, but on 

the molar level of inter-attitudinal structure.  

6.4.3. Competing Models of Inter-attitudinal Structure 

Model specification. Two competing models of inter-attitudinal structure were 

specified. Model 1 was a genuine top-down model, assuming that consumers’ general 

socio-political attitudes are responsible for the variation in consumers’ overall evalua-

tion of genetically modified foods as a technology, and that this overall technology 

evaluation, in turn, is completely responsible for the variation in consumers’ overall 

risk evaluations as well as in their overall benefit evaluations. The crucial assumption 

made in this model is a particular type of mediation: all effects of general socio-

political attitudes on overall risk and benefit evaluations are assumed to be mediated by 

consumers’ overall evaluation of genetically modified foods as a technology. No risk-

benefit trade-off is assumed to occur. 

Model 2 was a mixed-directionality model, assuming that consumers’ general 

socio-political attitudes are responsible for the variation in consumers’ overall risk 

evaluations as well as in their overall benefit evaluations, and that these risk and benefit 

evaluations, in turn, are completely responsible for the variation in consumers’ overall 

evaluation of genetically modified foods as a technology. This model makes a crucial 

assumption about mediation as well: all effects of general socio-political attitudes on 

consumers’ overall evaluation of genetically modified foods as a technology are as-

sumed to be mediated by their overall risk and benefit evaluations. In other words, the 

overall technology evaluation is assumed to emerge from a risk-benefit trade-off. 
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Figure 6.7. Competing models of inter-attitudinal structure: Model 1 (genuine top-down structure) and 

Model 2 (mixed-directionality structure). 



 Chapter 6: Study 1 151 

In both models, general socio-political attitudes were specified as latent exogenous 

factors. The first factor, attitude towards environment and nature, was measured by six 

indicators (items AN1 to AN6 from the attitude survey). The second factor, attitude 

towards technology, was measured by five indicators (items AT1 to AT5). The third 

factor, social trust, was measured by three indicators (items ST1 to ST3). Overall tech-

nology evaluation, overall benefit evaluation, and overall risk evaluation were specified 

as latent endogenous factors, measured by three indicators each (A1 to A3, B1 to B3, 

and R1 to R3, respectively). Conceptual models are depicted in Figure 6.7. 

Normality check. Multivariate skewness and kurtosis statistics were computed for 

the joint distribution of the 14 socio-political attitude measures and the 9 global evalua-

tion measures. In the Danish sub-sample, the multivariate skewness was 88.57 (Z = 

48.83, p < .001), and the multivariate kurtosis was 735.48 (Z = 23.74, p < .001). The 

multivariate distribution departed significantly from normality (χ2 = 2948.23, p < .001). 

The same was found in the German sub-sample (skewness = 70.41, Z = 38.75, p < .001; 

kurtosis = 716.96, Z = 22.60, p < .001; χ2 = 2012.34, p < .001), the Italian sub-sample 

(skewness = 54.99, Z = 27.22, p < .001; kurtosis = 676.34, Z = 18.81, p < .001; χ2 = 

1094.63, p < .001), and the UK sub-sample (skewness = 80.95, Z = 43.81, p < .001; 

kurtosis = 756.50, Z = 25.00, p < .001; χ2 = 2543.89, p < .001). Hence, corrections for 

non-normality will be used in this analysis as well. 

Estimation. All models were estimated by means of maximum likelihood using 

LISREL 8.54. To account for violations of normality, the Satorra-Bentler scaled χ2 

statistic was used in all computations instead of the normal minimum fit-function χ2. 

Estimation was based on within-sample covariance matrices and asymptotic covariance 

matrices computed from the Danish (N = 505), German (N = 516), Italian (N = 511), 

and UK (N = 499) sub-samples. Like before, all models were estimated simultaneously 

in the four groups without any constraints imposed across groups.  

Goodness of fit. Goodness-of-fit statistics are presented in Table 6.8. For both 

models, the overall goodness-of-fit χ2 indicated significant deviations of model-implied 

from observed covariance matrices. However, this shall be discounted again as statisti-

cal power becomes excessive in such large samples. The RMSEA, as a descriptive 

goodness-of-fit measure, remained within conventional acceptance limits for both 
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models. The genuine top-down model yielded a somewhat lower RMSEA than the 

mixed-directionality model. 

Model comparisons. The two models in this analysis cannot be expressed in a hier-

archically nested sequence. Hence, the CAIC will be used again for comparatively 

evaluating their fit. CAIC values for both models are shown in Table 6.8 as well. 

Model 1 (the genuine top-down model) yielded the lowest CAIC and will therefore be 

accepted as the best representation of the data. 

Hypothesis evaluation. The accepted model supports the predictions made in Hy-

potheses 3. From the analysis it can be concluded that the interrelationships between 

consumers’ general socio-political attitudes, their overall evaluations of genetically 

modified foods as a technology, and their overall evaluations of the risks and benefits 

of genetically modified foods are indeed best represented by a genuine top-down 

model, where evaluations are consistently layered from a level of highest generality 

over a level of medium generality to a level of lowest generality.  

The results provide further corroboration to the preliminary conclusions drawn 

from the previous analysis, where a molecular, intra-attitudinal approach had been 

taken: no evidence could be found for the existence of a risk-benefit trade-off on an 

intra-attitudinal level, and, as shown in this analysis, neither could such evidence be 

found on a molar, inter-attitudinal level. 

 
 

Table 6.8. Goodness-of-fit and model comparison statistics for competing models of inter-attitudinal 

structure. 

  Goodness-of-fit 
statistics  

Model 
comparison 

statistic 

No. Estimated model Satorra-
Bentler χ2 df p < RMSEA  CAIC 

1 Genuine top-down structure 1975.39 888 .001 .049  2285.58 

2 Mixed directional structure 2321.38 876 .001 .057  2734.96 
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6.4.4. Invariance across Populations 

Model specification. In the same way as the initial analysis of intra-attitudinal 

structures (see Chapter 6.4.1), the above analysis of inter-attitudinal structures was 

initially conducted simultaneously in the four country-specific sub-samples, but with 

independent parameterizations. To examine the degree to which the model was invari-

ant in its parameters across the four populations, the model was re-specified involving a 

means structure (see Chapter 5.2.1), enabling a more extensive analysis of differences 

between populations than a model based on mean-centered variables alone.  

Since the model to be checked for its invariance was a full structural equation 

model, the analysis involves a number of additional steps (Scholderer & Grunert, 

2001). Altogether, nine hierarchically nested models were estimated. In each step, a 

further set of constraints on the means-and-covariance structure was relaxed. Model 1 

(identity) constrained all parameter matrices to be invariant, including equation inter-

cepts α, exogenous factor means κ, equation error variances ψ, regression coefficients 

Β and Γ, measurement error variances Θδ and Θε, exogenous factor variances and 

covariances Φ, item intercepts τx and τy, and factor loadings Λx and Λy to be invariant 

across populations.  

Model 2 (covariance structure invariance) dropped the constraints on the means 

structure of the latent factors (i.e., it allowed the equation intercepts and exogenous 

factor means to vary), but maintained all other constraints. Model 3 (regression invari-

ance) dropped the constraints on equation errors (i.e., it allowed the predictive validity 

of the model to vary), but maintained all constraints on regression coefficients and 

measurement models. Model 4 (error variance invariance) relaxed the constraints on 

regression coefficients, but maintained all constraints on measurement models. Model 5 

(factor variance invariance) dropped the constraints on measurement error variances in 

the exogenous as well as endogenous measurement models, but maintained the con-

straints on exogenous factor variances and covariances, factor loadings, and item inter-

cepts.  

Model 6 (factor covariance invariance) relaxed the constraints on exogenous factor 

variances, but maintained the constraints on exogenous factor covariances, factor load-
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ings, and item intercepts. Model 7 (scalar invariance) dropped the constraints on factor 

covariances, but maintained the constraints on exogenous as well as endogenous factor 

loadings and item intercepts. Model 8 (metric invariance) dropped the constraints on 

exogenous and endogenous item intercepts, but maintained the constraints on exoge-

nous and endogenous factor loadings. Finally, Model 9 (configural invariance) dropped 

the constraint on exact levels of exogenous and endogenous factor loadings but main-

tained an identical simple structure for the data, assuming the same pattern of zero and 

non-zero factor loadings to hold across populations.  

Estimation. The same estimation method was used as above, but now also based on 

within-sample mean vectors in addition to within-sample covariance matrices and 

asymptotic covariance matrices. Goodness-of-fit statistics and model comparison statis-

tics are shown in Table 6.9. 

Goodness of fit. The overall goodness-of-fit χ2 indicated significant deviations of 

model-implied from observed covariance matrices for all models. Yet as before, the test 

shall not be used as a criterion for model evaluation here because of the excessive 

power it gains in large samples. The RMSEA indicated acceptable fit (RMSEA < .08) 

of Model 4 (error variance invariance), Model 5 (factor variance invariance), Model 6 

(factor covariance invariance), Model 7 (scalar invariance), Model 8 (metric invari-

ance) and Model 9 (configural invariance). The fit of Model 3 (regression invariance) 

was only slightly above the conventional acceptance limit, the fit of Models 1 and 2 

was clearly above. Moderately sized changes in the RSMEA occurred between Models 

1, 2, 3, 4, and 5. The less constrained models appeared not to differ substantially in 

their fit. 

Model comparisons. Stepwise model comparisons are presented in the lower part 

of Table 6.9. The Satorra-Bentler scaled χ2-difference test indicated significant im-

provement at every step in which constraints were relaxed, providing little guidance for 

model selection. As already observed once before, it appears from the absolute values 

that Satorra and Bentler’s scaling correction has disproportionally inflated some of the 

differences, in particular those between Models 1 and 2 and Models 7 and 8. Still, 

somewhat lower ∆χ2 values were obtained in the comparisons of Models 2 and 3 
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(where equation errors were allowed to differ) and Models 5, 6 and 7 (where factor 

covariances and variances were allowed to differ, respectively).  

 

 

Table 6.9. Measurement invariance of genuine top-down model across populations. 

  Goodness-of-fit statistics 

No. Estimated model Satorra-Bentler 
χ2 df p < RMSEA 

1 Identity  6437.49 1119 .001 .097 

2 Covariance structure invariance 5591.52 1101 .001 .090 

3 Regression invariance 4802.44 1092 .001 .082 

4 Error variance invariance  4439.96 1077 .001 .078 

5 Factor variance invariance 2877.71 1008 .001 .060 

6 Factor covariance invariance 2845.38   999 .001 .060 

7 Scalar invariance 2811.07   990 .001 .060 

8 Metric invariance 2148.18   939 .001 .050 

9 Configural invariance 1947.04   888 .001 .048 

  Stepwise model comparison statistics 

No. Invariance constraint relaxed Satorra-Bentler 
scaled ∆χ2 ∆df p < NFI 

1 None      

2 Equation intercepts and factor means 20069.83 18 .001 .131 

3 Equation error variances       27.07   9 .010 .141 

4 Regression coefficients      178.39 15 .001 .075 

5 Measurement error variances      730.34 69 .001 .352 

6 Exogenous factor variances       30.92   9 .001 .011 

7 Exogenous factor covariances       39.80   9 .001 .012 

8 Item intercepts 10537.32 51 .001 .236 

9 Factor loadings     444.25 51 .001 .094 
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The stepwise NFI values are somewhat easier to interpret. The NFI indicates that 

relatively large improvements in the fit of the structural model were gained by relaxing 

the constraints on equation intercepts, factor means, and equation errors, whereas im-

provements from relaxing the constraints on the regression coefficients were somewhat 

smaller but still substantial. Relatively large improvements in the fit of the measure-

ment models were gained by relaxing the constraints on measurement errors and item 

intercepts, medium-sized improvements by relaxing constraints on factor loadings, and 

relatively insubstantial gains by relaxing the constraints on measurement errors.  

Final model. As argued in Chapter 5.2.3, all goodness-of-fit and model-

comparison statistics are more sensitive to changes in the measurement models than to 

changes in the structural model since measurement models impose substantially more 

restrictions on the model-implied mean vectors and covariance matrices. Hence, it was 

decided to assign more weight to those test results that suggested differences in pa-

rameters of the structural model than to those that suggested differences in the parame-

ters of the measurement models – after all, Model 4 (error variance invariance), where 

all measurement model parameters had been constrained to be invariant across popula-

tions, had still attained a fit that was indicated as acceptable by the RMSEA value. For 

these reasons, Model 4 was accepted as the most desirable representation. All factor 

loadings, item intercepts, factor covariances and variances, and all measurement error 

variances were invariant in this model, whereas all parameters of the structural model 

varied between the four consumer populations from which participants had been sam-

pled.  

Parameter estimates. Factor loadings and regression coefficients for the final 

model are presented in path diagram notation in Figure 6.8 (standardized solution). 

Latent factor means are shown in Figure 6.9 (unstandardized solution). The measure-

ment models were highly satisfactory in terms of convergent validity. None of the 

standardized factor loadings was below .30, and only one was below .40. The meas-

urement model of the exogenous factors (the general socio-political attitudes) proved 

highly satisfactory in terms of discriminant validity as well. All factor intercorrelations 

had absolute values below .40 and were significantly different from 1.  
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Figure 6.8. Parameter estimates for final model of inter-attitudinal structure (standardized solution). 

 

The very close relationship between the endogenous factors, on the other hand, is 

not surprising. In substantial terms, this was part of the hypothesis of a consistent top-

down model of inter-attitudinal structure, rather than a modeling problem (see below). 

Furthermore, the observed measures operationalized their underlying constructs with 

sufficient reliability (Jöreskog’s rho = .63 for attitude towards environment and nature, 

.79 for attitude towards technology, .78 for social trust, .91 for overall technology 

evaluation, .86 for overall benefit evaluation, and .86 for overall risk evaluation). 

The results concerning the structural model were fully in line with the expecta-

tions. In all four consumer populations, general socio-political attitudes explained 

around 50% of the reliable variation in consumers’ overall evaluations of the technol-

ogy (although this was somewhat less in Italy). Among the general socio-political 

attitudes, attitudes towards environment and nature had the largest effect, followed by 
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attitudes towards modern technology, and social trust. Interestingly, social trust had a 

substantially higher effect on the overall technology evaluations made by UK consum-

ers than on those made by consumers from the other three populations.  

Overall evaluations of GM foods as a technology, in turn, explained almost 100% 

of the reliable variation in the overall benefit evaluations made by German and UK 

consumers, still around 90% of the benefit evaluations made by Danish consumers, and 

around 50% of the benefit evaluations made by Italian consumers. At the same time, 

global technology evaluation could also explain approximately 70% to 80% of the 

reliable variation in the global risk evaluations made by Danish, German and UK con-

sumers.  
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Figure 6.9. Latent factor means of general socio-political attitudes (upper panel) and attitudes towards 

genetically modified foods (lower panel) in the four consumer populations. 
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However, only 5% of the variance in global risk evaluations could be accounted for in 

Italy. Italian consumers’ risk evaluations appear to be an exception from the general 

top-down model of inter-attitudinal structure proposed here.  

Figure 6.9 shows differences between the four consumer populations in the aver-

age level of the six attitude factors included in the model. Since the invariance con-

straints on the measurement models satisfied the conditions for the existence of com-

mon interval scales across populations (see Chapter 5.4.3), the values can be directly 

compared. The pattern in the latent factor means appears to be consistent with the 

assumption that the general socio-political attitudes and attitudes towards GM foods 

considered here form a stable system.  

Compared to the three other consumer populations, Danish consumers had the 

most positive attitudes towards the environment, the least positive attitudes towards 

modern technology, and reported the lowest level of social trust (i.e., trust in the insti-

tutions that regulate emerging technologies and manage their risks; Siegrist, 2000). 

Mirroring the pattern in the general socio-political attitudes, Danish consumers re-

ported the least positive evaluation of genetically modified foods as a technology, the 

lowest overall benefit evaluation, and (together with German consumers) the highest 

overall risk evaluation.  

The opposite pattern was found among Italian consumers. Compared to the three 

other populations, Italians had the least positive attitudes towards the environment, the 

second-most positive attitude towards modern technology, and reported the second-

highest level of trust in the institutions concerned with regulation and risk management. 

Mirroring the pattern in their general socio-political attitudes, Italian consumers re-

ported the most positive evaluation of genetically modified foods as a technology, the 

highest overall benefit evaluation, and the lowest overall risk evaluation. The other two 

consumer populations investigated in this study, German and UK consumers, showed 

patterns in between these extremes. 
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6.4.5. Structural Consistency and Attitude Strength: The Knowledge Function  

Model specification. Hypothesis 4 concerned the question whether general socio-

political attitudes have a “knowledge function” (Katz, 1960) for consumers, that is, 

whether they serve as substitutes for more accurate judgments in a situation where 

consumers do not possess enough factual knowledge to make such judgments, which 

should make the attitude system investigated here more structurally consistent among 

consumers with low factual knowledge.  

In order to test the hypothesis, a reduced version of the model investigated in the 

previous analysis was used as a framework, still including the same three general socio-

political attitudes as exogenous factors, but only overall evaluation of GM foods as a 

technology (the central mediator of the system) as an endogenous factor. The four 

country-specific sub-samples were then further subdivided into two groups each, con-

sisting of consumers with high factual knowledge, and consumers with low factual 

knowledge, respectively. The groups were defined by within-country median splits, 

performed on the sum score computed from the eight factual-knowledge items that had 

been included in the survey (see Chapter 6.3.5 and Table 6.5, above). 

The groups defined by the median split on factual knowledge were then used to 

construct a moderator analysis by means of a multi-group design. Model 1 (equal struc-

tural consistency) constrained all regression coefficients and the equation error (i.e., the 

unexplained variance in overall technology evaluation) to be equal between high-

knowledge and low-knowledge consumers within the respective country. Model 2 

(moderated by factual knowledge) relaxed this constraint, allowing the regression 

coefficients and the equation error to vary between high-knowledge and low-

knowledge consumers in the respective country.  

Estimation. Like before, the models were estimated by means of maximum likeli-

hood using LISREL 8.54. The Satorra-Bentler scaled χ2 statistic was used in all compu-

tations. Estimation was based on altogether eight within-sample covariance matrices 

and eight within-sample asymptotic covariance matrices, computed from the Danish 

groups of low-knowledge (N = 173) and high-knowledge (N = 332) consumers, the 

German groups of low-knowledge (N = 311) and high-knowledge (N = 205) consum-
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ers, the Italian groups of low-knowledge (N = 230) and high-knowledge (N = 283) 

consumers, and the UK groups of low-knowledge (N = 230) and high-knowledge (N = 

269) consumers.  

Goodness of fit and model comparisons. Results of the moderator analysis are shown in 

Table 6.10. The RMSEA in the upper panel indicates that the fit of both models was 

satisfactory. Results in the lower panel indicate, however, that the fit of the models did 

not significantly differ. The Satorra-Bentler scaled χ2-difference test yielded an insig-

nificant result. The failure of the test is particularly noteworthy because, as noted sev-

eral times before, the large sample sizes involved in the present analysis generate ex-

tremely high statistical power. The NFI, as a descriptive model-comparison measure, 

corroborates the test result: the improvement in model fit gained by introducing moder-

ated structural consistencies is below 1% and therefore negligible. 

 

 

Table 6.10. Factual knowledge as a moderator of structural consistency: goodness-of-fit and model 

comparison statistics. 

  Goodness-of-fit statistics 

No. Estimated model Satorra-Bentler 
χ2 df p < RMSEA 

1 Equal structural consistency 1694.54 1053 .001 .049 

2 Moderated by factual knowledge 1678.67 1037 .001 .049 

  Stepwise model comparison statistics 

No. Invariance constraint relaxed Satorra-Bentler 
scaled ∆χ2 ∆df p < NFI 

1 None      

2 Regression coefficients and equation 
errors allowed to vary 

11.03 16 n.s. .009 
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Hypothesis evaluation. On the basis of the results of the moderator analysis, Hy-

pothesis 4 has to be rejected. There was no evidence in the data to suggest that con-

sumers with low factual knowledge are more likely than consumers with high factual 

knowledge to use general socio-political attitudes as a substitute for informed judg-

ments to arrive at an overall evaluation of genetically modified foods. Hence, the as-

sumption of a “knowledge function” of general socio-political attitudes in the context 

of judgments about GM foods cannot be maintained. 

6.4.6.  Structural Consistency and Attitude Strength: The Value Expressive Function  

Model specification. Hypothesis 5 concerned the question whether general socio-

political attitudes have a “value-expressive” function (Katz, 1960) for consumers, that 

is, whether aligning evaluations of GM foods with other strongly held attitudes 

strengthens the whole system, which, in turn, would invoke higher judgmental confi-

dence whenever evaluations of GM foods are to be made. In order to test the hypothe-

sis, the moderator analysis from the previous section was repeated, but with a different 

splitting variable12. The groups were defined by within-country median splits per-

formed on the response to item JC1, measuring respondents’ confidence in their own 

ability to make judgments about GM foods (see Chapter 6.3.5 and Table 6.5, above).  

Again, the four country-specific sub-samples were subdivided into two groups 

each, consisting of consumers with high judgmental confidence, and consumers with 

low judgmental confidence, respectively. Two models were specified. Model 1 (equal 

structural consistency) constrained all regression coefficients and the equation error 

(i.e., the unexplained variance in overall technology evaluation) to be equal between 

high-confidence and low-confidence consumers within the respective country. Model 2 

                                                 
12 Strictly speaking, the setup of this test turns the original hypothesis upside down: theoretically, 

we expect that higher structural consistency will lead to higher judgmental confidence, whilst 

operationally, we test whether consumers with higher judgmental confidence have structurally more 

consistent attitude systems. Yet since no further conditions are tied to the hypothesis, the logical 

implication is bidirectional. Therefore, the moderator analysis used below can indeed be regarded as a 

valid test of the original hypothesis. 
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(moderated by judgmental confidence) relaxed this constraint, allowing the regression 

coefficients and the equation error to vary between high-confidence and low-

confidence consumers in the respective country.  

Estimation. The same estimation method was used as before, based on eight 

within-sample covariance matrices and asymptotic covariance matrices computed from 

the Danish groups of low-confidence (N = 242) and high-confidence (N = 263) con-

sumers, the German groups of low-confidence (N = 267) and high-confidence (N = 

249) consumers, the Italian groups of low-confidence (N = 233) and high-confidence 

(N = 278) consumers, and the UK groups of low-confidence (N = 256) and high-

confidence (N = 243) consumers, respectively.  

Goodness of fit and model comparisons. Results are shown in Table 6.11. The 

RMSEA in the upper panel indicates that the fit of both models was satisfactory. The 

model comparison statistics in the lower panel indicate that this time, the inclusion of 

moderated effects yielded a significant improvement in model fit.  

 

 
Table 6.11. Judgmental confidence as a moderator of structural consistency: goodness-of-fit and model 

comparison statistics. 

  Goodness-of-fit statistics 

No. Estimated model Satorra-Bentler 
χ2 df p < RMSEA 

1 Equal structural consistency 1774.70 1053 .001 .052 

2 Moderated by judgmental confidence 1726.19 1037 .001 .051 

  Stepwise model comparison statistics 

No. Invariance constraint relaxed Satorra-Bentler 
scaled ∆χ2 ∆df p < NFI 

1 None      

2 Regression coefficients and equation 
errors  

79.54 16 .001 .027 
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Figure 6.10. Structural consistency and judgmental confidence: degree to which global evaluations of 

GM foods are determined by general socio-political attitudes in groups defined by high and low 

judgmental confidence (values are squared multiple correlations). 

 

 
The Satorra-Bentler scaled χ2-difference was highly significant, and the NFI 

measured roughly 3% improvement in overall model fit. The figure may appear some-

what low, but considering that a mere 16 out of 1053 degrees of freedom were lost, the 

result can be considered substantial.  

Hypothesis evaluation. Structural consistency estimates, expressed in terms of 

squared multiple correlations (coefficients of determination) in the prediction of global 

evaluations of GM foods by means of the three general socio-political attitudes, are 

shown in Figure 6.10. The results indicate that higher structural consistency in the 

attitude system systematically co-occurred with higher judgmental confidence. Hence, 

Hypothesis 5 can be accepted: stating a positive or negative evaluation of GM foods 

seems to have a value-expressive function for consumers. The more these evaluations 

are linked into a system of general socio-political attitudes of higher generality, the 

stronger and more coherent the whole system becomes, and the more confidence it 

provides the individual with in situations where judgments of GM-foods issues are 

required.  
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Most importantly, the confidence effect operates independently from factual 

knowledge: in all four consumer populations where research had been conducted, the 

confidence measure was virtually uncorrelated with the factual knowledge score used 

in the previous analysis (the correlations between the two measures were r = .12 in 

Denmark, -.03 in Germany, -.05 in Italy, and -.03 in the UK). The confidence-

bolstering effect of structural consistency appears to be genuine. 

6.5. Discussion 

The aim of the first study was to provide a comprehensive assessment of the struc-

tural characteristics of consumer attitudes towards genetically modified foods. This was 

done on a molecular level, by identifying the internal structure of these attitudes, as 

well as on a molar level, by assessing the structure and strength of the wider system of 

socio-political attitudes in which attitudes towards genetically modified foods are 

embedded. The theoretical framework developed in Chapter 3 was used to derive five 

hypotheses. These were concerned with the directionality of intra-attitudinal structures, 

their complexity, the directionality of inter-attitudinal structures, and their structural 

consistency and strength.  

The empirical basis for the assessment was a large, cross-national consumer survey 

that had been conducted in parallel in four EU member states in the summer of 1998, 

just before the time the five-year moratorium on further approvals of genetically modi-

fied foods was announced. Arguably, very little has changed for consumers in the EU 

during the years of the moratorium. No GM products have been traded since 1998, and 

the heated debate that raged in the media in late 1998 and early 1999 (see Gaskell, 

Thompson & Allum, 2002; Bauer & Bonfadelli, 2002) – first sparked by the Pusztai 

affair and, shortly afterwards, the Monarch butterfly affair – has calmed down in the 

years since. Public opinion research reviewed in Chapter 2, notably the latest Euro-

barometer results (Gaskell, Allum & Stares, 2003), appears to indicate that, at the time 

of writing, consumer attitudes and issue salience have returned back to the level of 

1996.  
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Hence, we are convinced that the results presented here are as relevant now as they 

would have been at the end of the 1990s, had the moratorium not been announced. 

Possibly even more so, as the results suggest that a number of assumptions that have 

been made on a-priori grounds in the existing literature may have been wrong or at 

least questionable. This includes assumptions made in previous analyses (Bredahl, 

2001; see Chapter 2.5) of the very data that were used in this study, in particular as-

sumptions about the complexity of attitude formation processes and their direction.  

6.5.1. Intra-attitudinal Structure: Bottom-up or Top-down? 

Our first hypothesis challenged the ubiquitous assumption in the literature that 

consumer attitudes to genetically modified foods are formed from beliefs about particu-

lar risks and benefits of these foods. In the absence of personal or vicarious experience 

with the actual products, we argued, all beliefs European consumers hold about specific 

risks and benefits of genetically modified foods must be derived from more general 

evaluations, following a top-down process. In order to test the hypothesis, we fitted two 

types of models to the belief data from the survey.  

One type of model had an algebraic structure representing bottom-up processes (a 

MIMIC-like model), where beliefs are aggregated into a compositional attitude. The 

other type of model had an algebraic structure that represented top-down processes (a 

factor-analytic model), where beliefs are mere instantiations of an underlying heuristic 

evaluation. The top-down model fitted the data substantially better than the bottom-up 

model, consistent with our hypothesis. 

6.5.2. Intra-attitudinal Structure: How Complex? 

The second hypothesis concerned the number of dimensions on which consumers 

make such heuristic evaluations. We tested models with one, two, and four heuristic 

evaluation dimensions and found that two such dimensions, heuristic benefit and heu-

ristic risk evaluation, represented the data best. This was expected from the literature – 

previous research that used explorative techniques for modeling similar belief data had 
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generally found two dimensions (e.g., Hamstra, 1995; Midden et al., 2002; Saba et al., 

2000; Saba & Vassallo, 2002).  

Notably, all of these authors interpreted the results of their principal component 

analyses in terms of belief-based models of attitude structure, i.e. as evidence for a 

bottom-up process. As discussed above, this may be highly misleading. There may be 

two separate dimensions in belief data, but they seem to really underlie the beliefs and 

not emerge from them. An alternative interpretation of the two-dimensional structure of 

belief data, which could not be tested in the present study though, would be one in 

terms of method factors. Beliefs are commonly defined as expectations, or subjective 

probabilities, that an attitude object has a certain property (Eagly & Chaiken, 1993). In 

survey questionnaires, beliefs are usually operationalized as statements that the attitude 

object has that very property, to which the respondent is asked to give his or her degree 

of agreement.  

The nature of such response scales is unipolar, that is, they do not range into the 

negative. In the original belief-based attitude model developed by Fishbein (1963), and 

in the recommendations for formulating attitude measures by Fishbein & Ajzen (1975), 

the valence of the property that is being asked about is operationalized separately 

through the evaluation dimension. In recent years, it has become somewhat unfashion-

able among attitude researchers to actually use the full operationalization. We tend to 

measure only beliefs, or only evaluations, mainly for the reason that the original prod-

uct-sum specification of the Fishbein (1963) model is cumbersome to handle and yields 

very unreliable estimates (Evans, 1991; Schmidt, 1973). 

If only belief data with unipolar response scales are collected in a survey and then 

entered into a factor analysis or principal component analysis, it might therefore be the 

case that two of the emerging factors or components merely reflect the respective posi-

tive and negative valences of the object properties that the belief items ask about. If 

that were the case, any set of beliefs that includes questions about positively valenced 

properties (benefits) as well as negatively valenced properties (risks) of the same atti-

tude object should have a two-dimensional structure in exactly those cases where the 

attitude object is evaluated heuristically, i.e. not decomposed into its attributes before 

evaluations are made. A definite answer to this can only be made through future re-
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search. However, the results concerning the third research question already provide 

some hints about this. 

6.5.3. Inter-attitudinal Structure: Bottom-up or Top-down? 

Our third hypothesis challenged another pervasive assumption in the literature, 

namely that overall evaluations of GM foods emerge from a risk-benefit trade-off. We 

framed the question in terms of inter-attitudinal structures: do general socio-political 

attitudes differentially affect global evaluations of the risks of GM foods on the one 

hand, and global evaluations of their benefits on the other hand, which are then traded 

off against each other by consumers and aggregated into an overall evaluation? Without 

exception, all published research that included separate measures for the three evalua-

tion constructs has made this mixed-directionality assumption a priori (Bredahl, 2001; 

Gaskell et al., 2004; Hampel, 1999; Midden et al., 2002; Siegrist, 2000).  

We confronted such a model with our own prediction, namely that the attitude sys-

tem is consistently layered from most general to most specific, in a genuine top-down 

manner: general socio-political attitudes affect overall evaluations of GM foods, and 

these overall evaluations, in turn, are then merely re-expressed in terms of positive 

valences (overall benefit evaluation) and negative valences (overall risk evaluation). In 

these models, we did not use belief measures but global evaluation measures. And 

indeed, the genuine top-down structure hypothesized by us fitted the data better than 

the mixed-directionality structure commonly assumed in the literature. 

6.5.4. Strength of the Attitude System: Which Functions Does it Serve? 

The fourth and fifth research questions were related to the inter-attitudinal struc-

ture identified above. If such a top-down system exists, which functions does it serve 

for an individual, and does this very function make the system weak or strong? To this 

end, we formulated two hypotheses about the different consequences that a “knowledge 

function” and a “value-expressive function” (Katz, 1960) would have on the structural 

consistency of the system. According to Katz’s classical treatment, attitudes that have a 
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knowledge function serve an individual as substitutes for more informed judgments in 

situations where the individual does not have enough factual information available. 

They are preliminary in nature, and therefore generally regarded as weak and easy to 

influence (O’Keefe, 2002).  

Value-expressive attitudes, on the other hand, serve an individual as a means to 

maintain a consistent self-concept. An attitude towards a given object is aligned with 

other, more general attitudes whose objects are associated with the specific object in 

question. Through this process, attitude objects may become “symbolic” objects in 

analogy to the notion of symbolic politics (Herek, 2000). Because such attitudes derive 

their valence and evaluative strength from attitudes of higher order, they are generally 

regarded as very strong and nearly impossible to change by simple persuasion tech-

niques (Eagly & Chaiken, 1995).  

The two hypotheses were tested by means of moderator analyses. The results were 

consistent with the assumption of a value-expressive function, but not of a knowledge 

function. Hence, the attitude system formed by the complex of general socio-political 

attitudes and attitudes towards GM foods has to be regarded as fairly strong, with 

obvious consequences for the possibilities of changing them (see below). From a func-

tional perspective, attitudes to GM foods can be interpreted as a vehicle through which 

consumers express their general attitudes towards environment and nature, technology, 

and the institutions that they perceive to control and regulate the way modern food 

production works. 

 

 

 

 

 

 

 

 



 

7. Study 2: Resistance to Persuasion 

In Chapter 2.6, we reviewed all previous research that investigated whether con-

sumer attitudes towards genetically modified foods can be changed through persuasive 

communication. However, not a single study had managed to actually produce an 

attitude change effect. Hence, the aim of Study 2 was to identify the processes that 

make consumer attitudes towards genetically modified foods so resistant to persuasion. 

In the following, we will first detail the research questions and hypotheses to be inves-

tigated. Then qualitative pilot research will be reported that was conducted to identify 

an ecologically valid set of communication strategies that major stakeholders in the 

GM-foods debate were planning to enact in the years to follow. After this, we will 

explain design and data collection of a large, cross-nationally conducted attitude 

change experiment. The data will then be analyzed by means of structural equation 

modeling, evaluating the hypotheses detailed in the beginning. Finally, results will be 

discussed and preliminary conclusions will be drawn.  

7.1. Research Questions and Hypotheses 

The central conclusion from Study 1 was that the attitudes European consumers 

hold towards genetically modified foods are firmly embedded in a system of general 

socio-political attitudes. On the inter-attitudinal level, we have shown that the system is 

consistently structured in a top-down manner, where general socio-political attitudes 

provide an “evaluative template” from which, in a first step, consumers derive their 

overall evaluations of GM foods as a technology. In a second step, these overall tech-

nology evaluations are further concretized into evaluations of the risks and benefits of 

the technology. On an intra-attitudinal level, we could also show that specific beliefs 

are derived in the same top-down manner from general, heuristic evaluations. On nei-

ther of the system levels, any evidence for bottom-up processes could be found that 
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would be consistent with the assumptions of belief-based, compositional attitude for-

mation or the existence of the risk-benefit trade-off that is ubiquitously assumed in the 

literature (e.g., Bredahl, 2001; Gaskell, Allum, Wagner, Kronberger, Torgersen, Ham-

pel, & Bardes, 2004; Hampel, 1999; Saba, Rosati & Vassallo, 2000; Saba & Vassallo, 

2002; Siegrist, 1999, 2000; Sparks, Shepherd & Frewer, 1995). 

We concluded that these attitudes serve a value-expressive function for consumers, 

allowing them to maintain a consistent self-concept by aligning these attitudes with 

more deeply felt, general convictions about the integrity of nature, the course of tech-

nological progress, and the balance of power in society. Because such attitudes derive 

their valence and evaluative strength from attitudes of higher order, they are generally 

regarded as very strong and nearly impossible to change through simple persuasion 

techniques (Chaiken & Baldwin, 1981; Chaiken, Pomerantz & Giner-Sorolla, 1995; 

Eagly & Chaiken, 1995; Rosenberg, 1968). Arguing against such a system may seem a 

hopeless task, which would indeed be consistent with the results of all previous studies 

that have attempted to change consumer attitudes towards genetically modified foods 

by means of persuasive communication (Frewer, Howard, Hedderley & Shepherd, 

1999; Frewer, Howard & Shepherd, 1998; Miles & Frewer, 2002; Peters, 1998, 1999a, 

1999b; Scholderer & Frewer, 2003). 

In this chapter, we will analyze data from one of the studies which failed to find 

evidence for attitude change effects (Scholderer & Frewer, 2003, see review in Chapter 

2.6). Since the results are published and generally accessible, we shall not repeat the 

analyses of attitude change effects here. Instead, we will try to map the processes un-

derlying resistance to persuasion, based on a number of additional variables and ex-

perimental manipulations that had not been reported in the Scholderer and Frewer 

(2003) analysis. In particular, we will probe two research questions: what changes will 

occur in the structural consistency of the attitude system in response to persuasive 

attempts, and whether consumers will change their evaluations of the information 

sources instead of their attitudes when the messages from the source fail to convince 

them of the merit of the arguments, resulting in “boomerang” effects. 
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7.1.1. Persuasive Attempts and Structural Consistency of the Attitude System 

The first research question concerns possible changes in the structural consistency 

of the attitude system that can occur when consumers process the arguments purported 

by a persuasive message. Theoretically, the issue goes back to Tesser’s (1978) schema-

theoretic treatment of structural consistency and attitude change (see Chapter 3.6). If 

people have well-organized schemata available for the processing of incoming informa-

tion, these schemata should help them in the assimilation of pro-attitudinal arguments 

and the refutation of counter-attitudinal arguments, resulting in higher production of 

evaluatively congruent thoughts. Because of these highly structured cognitive re-

sponses, we predicted, people’s attitudes after the processing of information should 

become even more consistent with their prior attitudes than those of people who have 

not processed persuasive information. If people have less organized schemata, no such 

help would be provided, resulting in higher production of evaluatively incongruent 

thoughts. Hence, the following hypothesis can be formulated: 

 
• Hypothesis 1. Exposure to communication materials with counter-attitudinal mes-

sages will activate the attitude system against which the messages argue. This will 

prompt monitoring by consumers of the compatibility between message content and 

attitude system, resulting in closer interrelationships within the attitude system and, 

following from that, smaller amounts of prediction errors in the underlying evalua-

tion dimensions. 

 

Tesser’s assumption relies on the fact that the schemata are in fact highly organ-

ized (which the results of Study 1 suggest), and that consumers process a message 

systematically (Petty & Cacioppo, 1986). In situations where people are less motivated 

to engage active mechanism of resistance to persuasion, on the other hand, it is more 

likely that passive, heuristic processes of resistance occur, including selective igno-

rance of the arguments presented in a message, and unsystematic, peripheral attitude 

shifts that do not endure and do not affect the underlying evaluative dimensions 

(Chaiken, 1987; Festinger, 1957; Petty & Cacioppo, 1986). Should this be the case, the 

following hypothesis can be formulated: 
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• Hypothesis 2. Exposure to communication materials will merely add noise to con-

sumers’ attitude statements but not actually affect the structural consistency of the 

underlying system of evaluative dimensions.  

 

The two hypotheses make different but not mutually exclusive predictions about 

changes in response to persuasive attempts in the consistency of consumers’ attitude 

systems. In multiple regression models, which have been utilized in previous research 

to test such assumptions, the two effects would be confounded because error on a struc-

tural level cannot be separated from error on a measurement level in the dependent 

variables without the use of factor-analytic measurement models. The two effects 

predicted by Hypothesis 1 and 2 would even counteract each other and, depending on 

their relative size, possibly cancel each other out, making them unidentifiable in a 

normal regression model (see Judd & Krosnick, 1982, 1989, for more extensive discus-

sions of this topic). In structural equation models, on the other hand, the two effects can 

be separated.  

7.1.2. Persuasive Attempts and Re-evaluation of Source Characteristics 

From the review in Chapter 2, we had concluded that attitudes towards genetically 

modified foods appear utterly resistant to persuasion. None of the studies that were 

reported in the literature had been able to change consumer attitudes by means of com-

munication. The surface consequences of failure to persuade were partially identified in 

these studies, including increased production of negative cognitive responses (Peters, 

1998) and decreased probabilities that an actual GM product will be purchased 

(Scholderer & Frewer, 2003). How the failure of persuasive attempts affects the struc-

ture and dynamics of the underlying attitude system, however, remained unknown. 

Hence, the second research question concerns the effects which failure to persuade 

has on other variables in consumers’ attitude systems than their attitude towards GM 

foods itself. In Chapter 3, we argued that consumers’ preexisting attitudes operate as 

fuzzy anchors in their judgment of all incoming information of attitudinal relevance. 

Social judgment theory (Sherif & Hovland, 1961) predicts that if the discrepancy be-



 Chapter 7: Study 2 174 

tween the preexisting attitude and the evaluative position of the argument in the mes-

sage is small, or if latitudes of acceptance and non-commitment are wide, the argument 

will be assimilated towards the preexisting attitude.  

If the discrepancy between preexisting attitude and evaluative position of the ar-

gument is high, or if latitudes of acceptance and non-commitment are narrow, the 

argument will fall into consumers’ latitudes of rejection: the message argument itself 

and all other attitudinally relevant aspects of it will be contrasted away from the preex-

isting attitude, including evaluations of source characteristics like the credibility of the 

source. If such a process occurs, counter-attitudinal arguing might backfire on the 

communicator through distorted judgments of the communicator’s motivations. In 

operational terms, the third hypothesis can therefore be formulated as: 

 
• Hypothesis 3. There will be a linear relationship between a person’s pre-existing 

attitude and their evaluations of the credibility of the source of a communication, 

even when the effect of the source itself is experimentally controlled.  
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7.2. Pilot Research 

A qualitative pilot study was conducted in autumn 199713 in order to provide ecol-

ogically valid input to the development of the information materials to be used in Study 

2. The aim of the pilot study was to identify those communication strategies that the 

major actors in the GM-foods debate would enact in the years to follow. Altogether, 48 

leading European food biotechnology experts were invited to workshops in Aarhus, 

Potsdam, Reading, and Milan. Participants were balanced between eleven stakeholder 

groups: academic research, regulating authorities, agribusiness and life sciences com-

panies, food processing companies, public relations agencies, food industry associa-

tions, agricultural lobby organizations, retailers, the media, consumer organizations, 

and environmental organizations. 

The Aarhus and Reading workshops were conducted at research facility meeting 

rooms, the Potsdam and Milan workshops at hotel conference rooms. Upon arrival, 

participants were given the opportunity to seat freely and accommodate themselves 

with the location and the workshop schedule. The group discussions were led by a 

trained moderator, following a standard focus group protocol:  

 
• Introduction. The moderator gave a brief outline of the objectives of the workshop 

and assured confidential treatment of the participants’ identities. The participants 

were then asked to introduce themselves and shortly characterize their organization 

(approx. 30 minutes). 

• Warm-up. The participants were asked to construct scenarios for the future devel-

opment of genetically modified foods (approx. 30 minutes). 

• Elicitation of risks and benefits. Participants were asked to generate an exhaustive 

list of risks and benefits associated with the introduction of genetically modified 

foods to Europe. The moderator prompted the coverage of eleven content domains: 

                                                 
13 Results of the pilot study have already been published in detail in Scholderer and Balderjahn 

(1999), Scholderer, Balderjahn, Bredahl and Grunert (1999) and Scholderer, Balderjahn and Will 

(1998). Hence, only key results will be presented here that were essential for the development of the 

information materials used in Study 2. 
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safety, health, environment, moral values, price, quality, societal usefulness, distri-

bution of benefits, information, freedom of choice, and decision power over food-

stuffs. At the end of this part, each participant was asked to indicate those three top-

ics he or she expected the public debate to focus on in the future (approx. 3 hours). 

• Elicitation of communication strategies. Participants were asked to outline the 

communication strategies their organizations were planning or already implement-

ing, generate possible alternatives, and indicate why they expected these strategies 

to be effective in consumer markets (approx. 3 hours).  

• Summary and conclusion. The moderator summarized the main results of the dis-

cussion and acknowledged participants’ contribution. Once again, full confidential-

ity was assured. Finally, all participants were promised to receive feedback about 

the results of subsequent analyses (approx. 15 minutes). 

 
A content analysis procedure similar to Knodel (1993) was chosen. In a first step, 

the videotaped discussions were transcribed, translated, and divided into meaningful 

segments. Altogether, the resulting verbal material consisted of 787 relevant segments, 

of which 138 (17.5 per cent) were extracted from the Danish, 288 (36.5 per cent) from 

the German, 99 (12.6 per cent) from the Italian, and 262 (33.3 per cent) from the Brit-

ish focus group data. In a second step, the segments were classified according to a 

previously defined category system including 11 risk-and-benefit categories (adapted 

from Smink & Hamstra, 1994) and 12 communication-strategy categories (adapted 

from Rohrmann, 1992). In a third step, the segments were paraphrased and grouped 

according to equivalent content.  

An in-depth qualitative analysis was conducted for each category (for details, see 

Scholderer, Balderjahn & Will, 1998). Based on this, six prototypical communication 

strategies were identified: (a) a scientific information approach, (b) a balanced/general 

information approach, (c) a product information approach, (d) conventional product 

advertising, (e) conventional public relations, and (f) campaigning. A synopsis of the 

strategies is provided in Tables 7.1 and 7.2.  

A majority of the experts who participated in the workshops favored knowledge-

oriented approaches, either scientific information, balanced/general information, or 

product-specific information. Although the three strategies differed in terms of amount 
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of information, time perspective, and information specificity, the assumptions about the 

nature of attitude formation and change processes were basically the same. Advocates 

of these strategies maintained that negative consumer attitudes resulted from a lack of 

information. Lack of information was thought to cause uncertainty about the risks and 

benefits of genetically modified foods and, subsequently, lead to a preliminarily nega-

tive evaluation of the entire technology on terms of the precautionary principle.  

 

Table 7.1. Prototypical communication strategies in the GM foods debate: knowledge-oriented ap-

proaches (adapted from Scholderer, Balderjahn & Will, 1998). 

  Communication strategy 

 
Scientific 

information 

Balanced/ 
general 

information 

Product- 
specific 

information 

 Amount of 
information 
communicated 

High Medium Low 

 Focus and specificity Technology Technology, 
consumer policy 

Product 

 Main proponents Academic scientists,  
regulators,  

R&D managers  
in companies 

Industry  
associations 

Consumer  
organizations,  

retailers 

 Preferred channels Education system, 
textbook, brochure 

Brochure Product label, 
information sheets at 

point of sale 

 Time perspective Long Short Short 

 Primary target 
variables 

Factual knowledge about 
technology 

Factual knowledge 
about technology, 

trust 

Factual knowledge 
about product 

 Evaluations of 
products, technologies 
and actors 
communicated 

No Partially No 

 Underlying  
persuasion route 

central central, 
peripheral 

central 
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Table 7.2. Prototypical communication strategies in the GM foods debate: evaluation- and trust-oriented 

approaches (adapted from Scholderer, Balderjahn & Will, 1998). 

  Communication strategy 

 Conventional  
product 

advertising 

Conventional  
public  

relations 
Campaigning 

 Amount of information 
communicated 

Low Low Low 

 Focus and specificity Product Communicator, 
consumer policy 

Communicator, 
consumer policy 

 Main proponents Communication 
managers in life sciences 

companies and food 
processing companies 

Communication 
managers in life 

sciences companies, 
industry associations, 

PR agencies 

Environmental 
groups 

 Preferred channels Print 
advertisements, 
TV commercials  

in the media 

Stakeholder 
involvement projects, 

publicity in the 
media 

News reporting  
in the media 

 Time perspective Short Long Medium 

 Primary target variables  Product 
evaluation 

Trust Trust 

 Evaluations of products, 
technologies and actors 
communicated 

Yes Yes Yes 

 Underlying  
persuasion route  

peripheral peripheral peripheral 

 

 

Quite consistently, the proponents of knowledge-oriented approaches expected that 

increasing consumers’ knowledge would reduce the very uncertainty that was made 

responsible for negative consumer attitudes. Once the technology and its products 

could offer substantial consumer benefits, and risks could be excluded, communication 

should aim to establish accurate and factual knowledge in the public about the exis-

tence of the benefits and absence of the risks. The more educated consumer was then 

expected to rationally weigh risks against benefits, proceed to a positive attitude, and 

act upon this through an informed purchase decision.  
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A smaller number of experts preferred trust-oriented strategies, either in combina-

tion with a knowledge-oriented approach (adding up to the balanced/general informa-

tion strategy), or as a stand-alone approach (conventional public relations and cam-

paigning). Whilst the advocates of knowledge-oriented approaches were quite specific 

about the attitude formation and change processes they assumed, the advocates of trust-

oriented approaches could not clearly specify the exact mechanics according to which 

they expected trust to function. They did seem to agree that trust was a facilitating 

condition for consumer’s active attention and information search processes. Finally, a 

conventional product advertising approach was outlined, aiming to establish salient 

product evaluations through a message-learning approach. 

Furthermore, the in-depth analysis of the results of the expert workshops provided 

useful information concerning the types of benefit the different stakeholders would 

focus on in their R&D activities as well as in their communications (for details, see 

Scholderer et al., 1998; Scholderer et al., 1999). Virtually all experts interpreted the 

general path of development of genetically modified foods as a generation pattern. 

Most products that had already reached the marketing stage were perceived to be a first 

generation whose quality attributes pertained to improved cultivation, processing, and 

distribution characteristics. Many producers expected that the second generation of GM 

foods would, in a medium time perspective, dominate the market for functional foods, 

improving the nutritional value of foods and providing healthiness as a quality attrib-

ute.  

However, most experts conceded that the second generation was still at an early 

stage of product development. Hence, the consumer benefits of currently existing GM 

foods amounted mainly to potential price advantages. It was assumed that decreases in 

the price of raw materials would carry over to subsequent stages of the production 

chain and finally enhance the price-performance ratio of consumer goods. Finally, a 

third key benefit was seen in the potential for more sustainable production. Reduced 

herbicide expenditure in agriculture, or reduced energy expenditure during manufactur-

ing, were seen as powerful arguments to convince ecologically oriented consumers. 
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7.3. Method 

7.3.1. Participants 

In June and July 1999, N = 1405 consumers from Denmark, Germany, Italy, and 

the United Kingdom participated in attitude change experiments. All participants were 

recruited in major malls during shopping hours. Passing shoppers were addressed at 

random. Upon agreement to participate, participants were screened according to five 

inclusion criteria:  
 

• Responsibility for shopping. The interviews were only continued when the partici-

pant was the main or joint household shopper. 

• Recency of category purchase. The interviews were only continued when the par-

ticipant had purchased bottled beer or yoghurt for home consumption during the 

previous four weeks,  

• Consumption frequency. The interviews were only continued when the participant 

consumed bottled beer at home at least once a week (for inclusion in the beer sub-

sample) or consumed yoghurt at least once a week (for inclusion in the yoghurt 

sub-sample),  

• Familiarity with key concept. The interviews were only continued when the par-

ticipant had heard of genetic modification or an equivalent term (e.g., genetic engi-

neering or biotechnology), and 

• Prior attitude. The interviews were only continued when the participant did not 

hold extreme prior attitudes towards gene technology in food production. Prior atti-

tudes were assessed using the three items (A1, A2 and A3) that had already been 

used for measuring overall evaluations of GM foods as gene technology in food 

production used in Study 1. Respondents who marked the lowest possible evalua-

tion on all three items were excluded from the interviews. 
 



 Chapter 7: Study 2 181 

As in Study 1, half of the participants were regular beer consumers, the other half 

were regular yoghurt consumers. Demographic characteristics of the final sample are 

provided in Table 7.3. 

 

 

Table 7.3. Demographic characteristics of Study 3 participants. 

 Country  

Variable Denmark Germany Italy UK Total 

Sample Size       

Total N 352 350 350 353 1405 
Beer consumers 176 175 175 170   696 
Yoghurt consumers 176 175 175 183   709 

Age       

Total M (SD) 33.03  
(14.49) 

32.65  
(15.86) 

34.14  
(11.56) 

28.96  
(09.40) 

32.27  
(13.53) 

Beer consumers 31.57  
(13.24) 

32.87  
(15.91) 

34.17  
(11.25) 

24.67  
(05.33) 

31.07  
(12.99) 

Yoghurt consumers 34.50  
(15.53) 

32.44  
(15.84) 

34.09  
(11.90) 

32.95  
(10.55) 

22.46  
(13.95) 

Sex       

Total % female (male) 45.8  (54.2) 39.4  (60.6) 53.9  (46.1) 41.6  (58.4) 44.7  (55.3) 
Beer consumers 35.4  (64.6) 18.5  (81.5) 51.7  (48.3)   1.2  (98.8) 26.6  (73.4) 
Yoghurt consumers 56.2  (43.8) 60.3  (39.7) 56.1  (43.9) 79.2  (20.8) 62.5  (37.5) 

Family status      

Total % single (cohabit.) 64.4  (35.6) 57.8  (42.2) 66.2  (33.8) 59.2  (40.8) 61.7  (38.3) 
Beer consumers 64.6  (35.4) 60.2  (39.8) 65.9  (34.1) 72.9  (27.1) 65.3  (34.7) 
Yoghurt consumers 64.2  (35.8) 55.4  (44.6) 66.5  (33.5) 46.4  (53.6) 58.1  (41.9) 

Household size      

Total Median (Min, Max) 2  (1, 6) 3  (1, 9) 4  (1, 7) 2  (1, 5) 2  (1, 9) 
Beer consumers 2  (1, 6) 3  (1, 6) 4  (1, 7) 3  (1, 5) 2  (1, 6) 
Yoghurt consumers 2  (1, 6) 3  (1, 9) 3  (1, 7) 2  (1, 5) 2  (1, 9) 
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7.3.2. Choice Sets 

Choice sets were developed for two product categories: beer and yoghurt. Each 

choice set contained four product alternatives, in both cases only slight modifications 

of the product alternatives used in the pilot research for Study 1 (see Chapter 5.2). The 

beer products varied with respect to the attributes (a) production method, (b) energy 

consumption during production (indicating environmental friendliness), (c) quality of 

raw materials, and (d) price. Naturalistic beer products were created from existing 

bottled beers that had their original labels removed before being equipped with the new 

labels containing the product information developed for the study. In this way, identical 

products were obtained for all alternatives, except for the label information. To make 

the product examples still more realistic, the following brand names were assigned:  
 

• “Brewmaster’s Korbacher”. Beer produced by means of genetically modified 

yeast, which ensures that the production process becomes less time and energy con-

suming, and thus more environmentally friendly, sold at a low price. 

• “Brewmaster’s Steinfurter”. Beer produced in a traditional way from high quality 

raw materials, sold at a medium price 

• “Brewmaster’s Muehlberger”. Beer produced in a traditional way from standard 

quality raw materials, sold at a low price. 

• “Brewmaster’s Alfelder”. Beer produced by means of modern process technology 

(specified as not gene technology), ensuring that the production process becomes 

less time and energy consuming, and thus more environmentally friendly, sold at 

low price. 
 

Thus, the consumer benefits of applying genetic engineering were environmentally 

sound production and a lower price. All products were used for visual presentation 

only. The yoghurt products, on the other hand, varied with respect to the attributes (a) 

fat content, (b) production method, (c) presence of additives, and (d) texture. Naturalis-

tic yoghurt products were created from new yoghurt cups that were filled with a sub-

stance resembling yoghurt in weight and filling, and provided with labels containing 

the relevant product information. In this way, identical products were obtained for all 
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alternatives, except for the label information. The yoghurts were assigned a joint brand 

name (“Dairy fresh”):  
 

• “Dairy Fresh 0.05% fat, genetically modified”. Fat-free yoghurt produced with 

genetically modified starter culture, characterized as having a nice taste and smooth 

texture 

• “Dairy Fresh 0.05% fat”. Fat-free yoghurt produced with stabilizers and antioxi-

dants, characterized as having a nice taste and smooth texture 

• “Dairy Fresh 0.1% fat”. Traditional low-fat skim-milk yoghurt without additives, 

characterized as having a nice taste but somewhat thin texture (owing to the low fat 

content). 

• “Dairy Fresh 3% fat”. Traditional full-fat whole-milk yoghurt without additives, 

characterized as having a nice taste and smooth texture. 
  

Here, the consumer benefits of applying genetic engineering were absence of fat 

and a smooth texture without the use of artificial additives. Again, all products were 

used for visual presentation only. 

7.3.3. Information Materials 

Information materials were developed to match those two communication strate-

gies identified in the pilot study (see above; also see Scholderer et al., 1998; Scholderer 

et al., 1999) that assumed immediate effects on consumer attitudes and, furthermore, 

could realistically be enacted by different stakeholder groups such as the food industry, 

consumer organizations, or public bodies14. The resulting materials were: 
 

                                                 
14 As already noted above, the data analyzed here were part of a larger design that included a 

number of additional types of communication strategies in the Danish and German sub-samples which 

could not reasonable be attributed to different sources. Attitude change and product choice effects in 

those groups have already been analyzed and published by Scholderer and Frewer (2003) and will 

therefore not be repeated here. 
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• Balanced/general information. A four-page glossy brochure presented important 

facts about food biotechnology, outlined the main arguments of proponents and 

opponents, and revealed their stake in the issue (see Appendix 2).  

• Product-specific information. One-page information leaflets described either the 

genetically modified beer (“Brewmaster’s Korbacher”) or the genetically modified 

yoghurt (“Dairy Fresh 0.05% fat, genetically modified”), focusing on physical 

product attributes and how they relate to genetic modification (see Appendix 3). 

• No information (control). Participants assigned to the control condition did not 

receive any additional information.  
 

Furthermore, the source of the information was experimentally varied in the bal-

anced/general and in the product-specific information conditions. The information 

materials were either attributed to a fictitious “European Association of Industry” (an 

industry source), to a fictitious “European Association of Consumers” (a consumer 

source), or to the European Commission (a government source). 

7.3.4. Procedure 

When all inclusion criteria were met, participants were assigned to one of the two 

product choice conditions and received the four product alternatives of the respective 

choice set for evaluation (either beer or yoghurt). At the same time, participants were 

assigned at random to one of the three information conditions (either balanced/general 

information, product-specific information, or no information/control) and received the 

respective information materials. In the balanced/general and product-specific informa-

tion conditions, participants were assigned at random to one of the three source attribu-

tion conditions. Participants in the control group did not receive any information in 

addition to the labeled products. Participants were allowed to evaluate the information 

materials and product alternatives as long as they liked. 

After participants had indicated that they did not want to further evaluate the in-

formation materials and product alternatives, they were asked to rank the four product 
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alternatives according to personal preference15. Having completed the preference task, 

participants were asked to answer a set of questions about their overall evaluations of 

the risks and benefits of genetically modified foods (the same measures as in Study 1) 

and about their trust in the source of information to which the materials had been at-

tributed (adapted from Frewer, Howard, Hedderley & Shepherd, 1996). At the end of 

the experiment, all respondents were issued with a disclaimer indicating that the infor-

mation materials had, in fact, not been issued by these organizations and that the Euro-

pean Association of Industry and the European Association of Consumers did not exist.  

7.3.5. Experimental Design 

Within each of the four countries where research was conducted, the experimental 

design included three between-subjects factors: (a) communication strategy, (b) attrib-

uted source, and (c) the product example given to participants for visual evaluation. 

Crossing of these factors resulted in a 3 (balanced/general information, product-specific 

information, control) × 3 (European Association of Industry, European Association of 

Consumers, European Commission) × 2 (genetically modified beer with environmental 

and price benefits, yoghurt with a health benefit) design. The design was incomplete 

with respect to the crossing of strategy and source: a variation of the source of the 

communication materials was not possible in the control group (no information, no 

source). Within each country, 50 participants were assigned to each cell of the design. 

Unlike in Study 1, the samples involved here were not population-representative 

and differed considerably in their demographic characteristics (see Table 7.3, above). 

Hence, no attempts will be made to examine the invariance of modeling results across 

the four countries where the research was conducted.  

                                                 
15 As noted before (see previous footnote), the product choice data have already been analyzed and 

published by Scholderer and Frewer (2003). We only include the detailed description of the product 

choice task here in order to give a full account of the materials participants were confronted with. Since 

evaluations of source expertise and trustworthiness as well as of overall benefits and risks of GM foods 

were measured after the choice task, the variation in the tasks constitutes part of the experimental 

intervention and is captured by the factor “product example”. 
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7.3.6. Measures 

Participants’ attitudes towards GM foods were assessed twice: before and then 

again after the experimental intervention. Before the intervention, they were assessed 

on one dimension: overall evaluation of GM foods as a technology. After the interven-

tion, attitudes were assessed on two dimensions: (a) overall benefit evaluation and (b) 

overall risk evaluation. Different measures were used before and after the experimental 

intervention to make sure that no “Hawthorne”-like context effects would bias partici-

pants’ post-experimental attitudes. Evaluations of the sources to which the materials 

had been attributed were measured after the intervention as well. This was done on two 

dimensions: (a) evaluation of source expertise, and (b) evaluation of source trustwor-

thiness.  

Overall evaluation of genetically modified foods as a technology. Participants’ 

overall evaluations of the technology were measured before to the experimental inter-

vention, using three items already used in Study 1: (A1) “Applying gene technology in 

food production is ...”, to be answered on a seven-point scale ranging from “extremely 

bad” to “extremely good”, (A2) “Applying gene technology in food production is ...”, 

to be answered on a seven-point scale ranging from “extremely foolish” to “extremely 

wise”, and (A3) “I am strongly ... applying gene technology in food production”, to be 

answered on a seven-point scale ranging from “strongly against” to “strongly for”. 

Overall benefit evaluation. Participants’ overall benefit evaluations were measured 

after the intervention, using three items which had already been used in Study 1 as 

well. Each was answered on seven-point scales ranging from “strongly disagree” to 

“strongly agree”: (B1) “Overall, applying gene technology to produce food products 

will prove beneficial to the environment, myself and other people that are important to 

me”, (B2) “Overall, applying gene technology to produce food products will offer great 

benefits to the environment, myself and other people that are important to me”, and 

(B3) “Overall, applying gene technology to produce food products will prove advanta-

geous to the environment, myself and other people that are important to me”. 

Overall risk evaluation. Participants’ overall risk evaluations were also measured 

after the experimental intervention, using another three items from Study 1, again to be 

answered on seven-point scales ranging from “strongly disagree” to “strongly agree”: 



 Chapter 7: Study 2 187 

(R1) “Overall, applying gene technology to produce food products involves consider-

able risk to the environment, myself and other people that are important to me”, (R2) 

“Overall, applying gene technology to produce food products will prove harmful to the 

environment, myself and other people that are important to me”, and (R3) “Overall, 

applying gene technology to produce food products will prove disadvantageous to the 

environment, myself and other people that are important to me”. 

Evaluation of source expertise. Participant’s evaluations of the expertise of the 

source to which the information materials had been attributed were measured after the 

experimental intervention, measured by six items adapted from Frewer; Howard, Hed-

derley and Shepherd (1996), including (SE1) “Information about food-related hazards 

from SOURCE is trustworthy”, (SE2) “Information about food-related hazards from 

SOURCE is accurate”, (SE3) “Information about food-related hazards from SOURCE 

is factual”, (SE4) “The SOURCE is knowledgeable about food related hazards”, (SE5) 

“The SOURCE feels a responsibility to provide good food-related information to the 

public”, and (SE6) “The SOURCE has a good track record of providing information 

about food-related hazards”. All items were answered on seven-point scales ranging 

from “strongly disagree” (1) to “strongly agree” (7). 

Evaluation of source trustworthiness. Participant’s evaluations of the trustworthi-

ness of the source to which the information materials had been attributed were meas-

ured after the experimental intervention as well, measured by another four items 

adapted from Frewer et al. (1996), including (ST1) “The SOURCE is likely to withhold 

information about food-related issues from the public”, (ST2) “Information about food-

related hazards from SOURCE is distorted”, (ST3) “Information about food-related 

hazards from the SOURCE has been proven wrong in the past”, and (ST4) “The 

SOURCE provides accurate information about food-related hazards only to protect 

themselves and their own interests”. All items were answered on seven-point scales 

ranging from “strongly disagree” (1) to “strongly agree” (7). Means and standard de-

viations of all items are listed in Table 7.4. 
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Table 7.4. Means and standard deviations of measures. 

 Country  

Variable Denmark Germany Italy UK Total 
 M (SD) M (SD) M (SD) M (SD) M (SD) 

Overall technology 
evaluation  

     

A1 3.28 (1.46) 3.45 (1.48) 3.57 (1.64) 3.58 (1.15) 3.47 (1.44) 

A2 3.59 (1.45) 3.71 (1.51) 3.73 (1.56) 3.58 (1.14) 3.65 (1.42) 

A3 3.47 (1.59) 3.43 (1.58) 3.50 (1.68) 3.56 (1.17) 3.49 (1.52) 

Overall benefit 
evaluation 

     

B1 3.46 (1.61) 3.71 (1.66) 3.61 (1.66) 3.61 (1.44) 3.60 (1.59) 

B2 3.48 (1.66) 3.73 (1.65) 3.67 (1.70) 3.65 (1.53) 3.63 (1.64) 

B3 3.54 (1.58) 3.64 (1.67) 3.67 (1.62) 3.69 (1.44) 3.63 (1.58) 

Overall risk evaluation      

R1 4.30 (1.67) 4.09 (1.80) 4.11 (1.78) 4.04 (1.53) 4.14 (1.70) 

R2 4.13 (1.65) 3.69 (1.76) 4.09 (1.78) 4.01 (1.52) 3.98 (1.69) 

R3 4.09 (1.59) 3.79 (1.72) 4.07 (1.77) 4.05 (1.45) 4.00 (1.64) 

Evaluation of source 
expertise 

     

SE1 3.56 (1.31) 3.86 (1.50) 4.32 (1.43) 3.84 (1.24) 3.89 (1.40) 

SE2 3.37 (1.27) 4.16 (1.47) 3.93 (1.37) 3.78 (1.08) 3.81 (1.34) 

SE3 3.69 (1.22) 4.23 (1.41) 4.09 (1.39) 4.07 (1.12) 4.02 (1.30) 

SE4 4.45 (1.40) 4.46 (1.37) 4.67 (1.34) 4.69 (1.14) 4.57 (1.32) 

SE5 4.20 (1.48) 4.43 (1.44) 4.56 (1.42) 4.75 (1.27) 4.48 (1.42) 

SE6 3.62 (1.14) 3.83 (1.26) 4.33 (1.21) 3.82 (1.00) 3.90 (1.18) 

Evaluation of source 
trustworthiness 

     

ST1 4.50 (1.44) 4.46 (1.63) 4.03 (1.52) 4.35 (1.39) 4.34 (1.51) 

ST2 3.93 (1.35) 3.39 (1.42) 3.60 (1.39) 4.10 (1.22) 3.76 (1.38) 

ST2 4.34 (1.04) 3.80 (1.30) 3.97 (1.17) 4.57 (1.13) 4.17 (1.20) 

ST4 4.18 (1.34) 3.97 (1.49) 3.65 (1.57) 4.20 (1.29) 4.00 (1.44) 
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7.4. Analysis and Results 

Data analysis and results will be presented in two parts. First, we will concentrate 

on the effects which our attempts to persuade consumers of the benefits of GM foods 

had on the structural consistency of their attitude systems (Hypotheses 1 and 2). In the 

second part, we will focus on the more “active” processes we assumed to underlie 

resistance to persuasion, in terms of the effects that the content of the attempts had on 

evaluations of source characteristics. Within each of the two parts, we will start with 

the models to be estimated, then report details of the estimation, and finally compare 

the different models by appropriate techniques in order to provide answers to the hy-

potheses, along with estimates of the model parameters.  

7.4.1. Effects of Persuasive Attempts on the Structural Consistency of Attitudes 

Model specification. Hypothesis 1 and 2 made different but not mutually exclusive 

predictions about changes in the consistency of consumers’ attitude systems in re-

sponse to persuasive attempts. Hypothesis 1 was based on our assumption that expo-

sure to communication materials that contains counter-attitudinal messages would 

activate the very attitude system against which the messages argued, thereby facilitate 

the identification of pro-attitudinal and the refutation of counter-attitudinal arguments, 

which then should result in increased structural consistency of the attitude system. 

Operationally, this would be observable in terms of closer interrelationships within the 

attitude system and, following from that, smaller amounts of prediction errors in the 

underlying evaluation dimensions when they are predicted by other evaluative dimen-

sions in the system. 

Hypothesis 2, on the other hand, assumed that persuasive attempts would merely 

add noise to consumers’ attitude statements but not actually affect the structural consis-

tency of the underlying system of evaluative dimensions. In multiple regression mod-

els, which have in been utilized in previous research to test such assumptions, the two 

effects would be confounded because error on a structural level (structural consistency, 

in the terminology we use here) cannot be separated from error on a measurement level 

in the dependent variables (noise) without the use of factor-analytic measurement 
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models. The two effects predicted by Hypothesis 1 and 2 would counteract each other 

in a normal regression model and possibly cancel each other out, making them uniden-

tifiable in a normal regression model. In structural equation models, on the other hand, 

the two effects can be separated.  

To test the two hypotheses, a framework model was adapted from Study 1. Overall 

evaluation of GM foods as a technology, measured before the experiment, was speci-

fied as a latent exogenous factor, measured by the same three items as in Study 1 (A1, 

A2 and A3). Overall evaluation of the benefits of GM foods and overall evaluation of 

the risks of GM foods, both measured after the experiment, were specified as latent 

endogenous factors, also measured by the same items as in Study 1 (B1, B2, B3 and 

R1, R2, R3, respectively). The model is depicted in Figure 7.3. 

Based on this framework, a moderator analysis was then constructed by means of a 

multiple group design. The four country-specific sup-samples from Denmark, Ger-

many, Italy and the UK were further subdivided into two groups each: the first group 

consisted of all participants who had received information materials, whilst the other 

group consisted of participants in the control group, who had not received information 

materials. Model 1 (equal consistency) imposed, within countries, a set of equality 

constraints, defining all parameters to be equal in information and control groups. 

Model 2 (moderated structural consistency) relaxed the constraints on the structural 

consistency parameters, allowing regression coefficients and equation errors to vary 

between the information and control groups. Model 3 (moderated noise) further relaxed 

the constraints on measurement errors in the observed endogenous variables, allowing 

them to vary between the information and control groups. The models are hierarchi-

cally nested and can be compared by means of χ2-difference tests. 

Normality check. Multivariate skewness and kurtosis measures were computed for 

the joint distribution of the observed variables within each of the eight samples. Within 

the Danish information group, the multivariate skewness was 13.78 (Z = 16.70, p < 

.001) and the multivariate kurtosis was 149.14 (Z = 13.91, p = .001). Taken together, 

the multivariate distribution deviated significantly from normality (overall χ2 = 472.49, 

p < .001). The same was true for the Danish control group (skewness = 43.42, Z = 8.42, 

p < .001; kurtosis = 127.42, Z = 4.70, p < .001; overall χ2 = 93.04, p < .001).  
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Figure 7.1. Framework model for tests of moderated structural consistency. 

 

 

Similar conditions were found in the German information group (skewness = 6.98, 

Z = 7.77 p < .001; kurtosis = 127.47, Z = 10.29, p < .001; overall χ2 = 166.24, p < 

.001), the Italian information group (skewness = 36.07, Z = 33.26, p < .001; kurtosis = 

192.68, Z = 18.098, p < .001; overall χ2 = 1433.66, p < .001) (skewness =, Z =, p < 

.001; kurtosis =, Z =, p < .001; overall χ2 =, p < .001), and the UK information group 

(skewness = 13.43, Z = 16.48, p < .001; kurtosis = 151.06, Z = 14.23, p < .001; overall 

χ2 = 474.13, p < .001). Hence, corrections for non-normality will be used in all subse-

quent analyses, in the same manner as we did in Study 1. 

Estimation. All models were estimated by means of maximum likelihood using 

LISREL 8.54 (Jöreskog & Sörbom, 1996; Jöreskog, Sörbom, du Toit & du Toit, 1999, 

2003). To account for the non-normality detected in the data, the Satorra-Bentler scaled 
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χ2 statistic was used in all computations instead of the normal minimum fit-function χ2 

(Satorra & Bentler, 1988; see Chapter 5.2.5). Estimation was based on within-sample 

covariance matrices and asymptotic covariance matrices computed from the Danish 

information (N = 301) and control groups (N = 51), the German information (N = 300) 

and control groups (N = 50), the Italian information (N = 300) and control groups (N = 

50), and the UK information (N = 302) and control groups (N = 51). All models were 

estimated simultaneously in the four groups. At this stage, no equality constraints were 

imposed on parameters across countries, and no mean structures were included in the 

models.  

Goodness-of-fit. Model-wise goodness-of-fit statistics are presented in the upper 

part of Table 7.5. Given that the present analysis involved samples almost as large 

(total N = 1405) as the ones in Study 1, we had expected that problems of excessive 

statistical power would occur here as well. However, the overall goodness-of-fit χ2 

only indicated significant deviations of model-implied from observed covariance ma-

trices for Models 1 and 2, but not for Model 3. The RMSEA, as a descriptive measure 

of model-wise fit, remained within conventional acceptance limits (RMSEA < .080; 

Browne & Cudeck, 1993) for all models, but was somewhat lower for Model 3 than for 

Models 1 and 2. 

Model comparisons. Stepwise model comparisons are shown in the lower part of 

Table 7.5. The explicit model comparison test, using Satorra and Bentler’s scaled χ2-

difference statistic (Satorra, 2000; Satorra & Bentler, 1999; see Chapter 5.2.5), indi-

cated that no significant improvement of model fit occurred when Model 1 (equal 

consistency) was compared to Model 2 (moderated structural consistency), where the 

within-country constraints between information and control groups on the regression 

coefficients and equation errors had been relaxed. However, the tests did indicate sig-

nificant improvement of model fit in the comparison of Model 2 (moderated structural 

consistency) and Model 3 (moderated noise). The stepwise NFI, as a descriptive meas-

ure of comparative fit, indicated that the relative improvement in model fit in this step 

was 19%, whilst it had only been 5% in the first step. 

 



 Chapter 7: Study 2 193 

Table 7.5. Tests of moderated structural consistency and moderated measurement errors: goodness-of-fit 

and model comparison statistics. 

  Goodness-of-fit statistics 

No. Estimated model Satorra-Bentler 
χ2 df p < RMSEA 

1 Equal consistency  600.68 329.02 .010 .037 

2 Moderate structural consistency 576.90 314.21 .010 .040 

3 Moderated noise 473.20 253.76   n.s. .028 

  Stepwise model comparison statistics 

No. Invariance constraint relaxed Satorra-Bentler 
scaled ∆χ2 ∆df p < NFI 

1 None      

2 Regression coefficients and equation 
error variances 

14.00 20   n.s. .045 

3 Endogenous measurement error 
variances 

68.48 20 .001 .192 

 

 

Parameter estimates. Although highly significant, the absolute differences in the 

amount of noise in participants’ attitude statements were rather small in size. Averaged 

over the four countries, and cumulated over the six attitude statements by which the 

endogenous factors had been measured, the unstandardized measurement error variance 

in the observed endogenous variables was 4.60 in the information groups, and 4.38 in 

the control groups. 

Hypothesis evaluation. Based on the results of the model comparisons, Hypothesis 

1 cannot be upheld. Our expectation had been that we would observe increased struc-

tural consistency in consumers’ attitude systems after the attitude system had been 

activated by persuasive attempts. However, no evidence for this could be found in the 

data. Hypothesis 2, on the other hand, can be maintained. Here, our expectation had 

been that persuasive attempts would add random error to consumers’ attitude state-
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ments without actually increasing the variation in the underlying evaluative dimension. 

Hence, we referred to this as a “moderated noise” model. And indeed, the data were in 

line with the predictions made in the model, even though the effect was small in size. It 

can be preliminarily concluded that the attempts made in this study to persuade con-

sumers of the benefits of genetically modified foods neither weakened nor strengthened 

the coherence of the underlying attitude system. The additional variation in consumers’ 

attitude statements amounts to mere measurement error, whilst the underlying evalua-

tive dimensions were unaffected in their structural consistency.  

7.4.2. Effects of Persuasive Attempts on Evaluations of Source Characteristics  

Model specification. Hypothesis 3 predicted that the communication of counter-

attitudinal arguments would backfire on the communicator through distorted judgments 

of the communicator’s motivations by the receivers of the message. In operational 

terms, a linear relationship was expected between consumers’ preexisting attitude and 

their evaluations of the credibility of the source of the communication materials, even 

when the effect the source itself was statistically controlled.  

 In order to test the hypothesis, participants’ overall evaluation of GM foods as a 

technology, measured before the experimental intervention, was specified as a latent 

exogenous factor (measured by the same items as before; A1, A2 and A3). Evaluations 

of source expertise and source trustworthiness, measured after the experimental inter-

vention, were specified as latent endogenous factors (measured by items SE1, SE2, 

SE3, SE4, SE5, SE6, and ST1, ST2, ST3, ST4, respectively). The main effects of the 

two communication strategies, the three information sources to which the materials had 

been attributed, and the two example products which participants had been confronted 

with, were encoded by means of dummy variables.  

The dummy variables were constructed using the effect coding scheme, with the 

respective effect category coded as +1, the neutral categories, if present, as 0, and the 

comparison category as –1. Since k–1 dummy variables are required to encode a k-level 

experimental factor, the procedure resulted in one dummy for the experimental factor 

“communication strategy”, two dummies for the experimental factor “attributed infor-
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mation source”, and one dummy for the experimental factor “example product”. Inter-

action dummies were then obtained by multiplying the dummies encoding the respec-

tive main effects. Each of the altogether eleven dummy variables was then defined as 

an identity transformation of a separate latent exogenous factor ξi, with factor loading 

fixed to λii = 1 and measurement error variance fixed to θii = 0. The full model is out-

lined in Figure 7.4. Step by step, the constraints were then relaxed in the same way as 

in a normal analysis of variance. 
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Figure 7.2. Framework model for testing the effects of persuasive attempts on evaluations of source 

characteristics. 
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Normality check. Multivariate skewness and kurtosis statistics were computed for 

the joint distribution of the observed variables within each of the four country-specific 

sub-samples. The multivariate distribution deviated significantly from normality in the 

Danish (skewness = 157.31, Z = 48.46, p < .001; kurtosis = 650.63, Z = 6.08, p < .001; 

overall χ2 = 2384.92, p < .001), German (skewness = 154.24, Z = 47.26, p < .001; 

kurtosis = 645.31, Z = 5.20, p < .001; overall χ2 = 2260.12, p < .001), Italian (skewness 

= 166.09, Z = 51.14, p < .001; kurtosis = 657.59, Z = 7.12, p < .001; overall χ2 = 

2665.82, p < .001), and UK samples (skewness = 162.47, Z = 50.67, p < .001; kurtosis 

= 670.92, Z = 8.97, p < .001; overall χ2 = 2648.336, p < .001). Hence, corrections for 

non-normality will be used here as well. 

Estimation. Like before, all models were estimated by means of maximum likeli-

hood using LISREL 8.54, and the Satorra-Bentler scaled χ2 statistic was used in all 

computations. Estimation was based on within-sample covariance matrices and asymp-

totic covariance matrices computed from the Danish (N = 301), German (N = 300), 

Italian (N = 300), and UK (N = 302) information groups. Participants in the control 

groups were excluded from the analysis because they had not received any information 

materials and could therefore not evaluate any sources. All models were estimated 

simultaneously in the four groups. At this stage, no equality constraints were imposed 

on parameters across countries, and no mean structures were included in the models. 

Goodness-of fit. Model-wise goodness-of-fit statistics are presented in the upper 

part of Table 7.6. Apart from the first model that assumed complete independence of 

endogenous from exogenous variables, all models fitted exceptionally well. 

Model comparisons. Model comparison statistics are presented in the lower part of 

Table 7.6. The explicit model comparison test indicated significant improvements in 

model fit when prior overall technology evaluation was entered into the model (Model 

2), when the experimentally varied source factor was entered into the model (Model 3), 

and when the interaction between the experimentally varied information strategy and 

the information source was entered into the model (Model 6). All other model compari-

sons remained insignificant.  
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Table 7.6. Effects of persuasive attempts on source evaluations: goodness-of-fit and model comparison 

statistics. 

  Goodness-of-fit statistics 

No. Effect on source evaluations  
entered into model 

Satorra-Bentler 
χ2 df p < RMSEA 

1 No effects 1113.11 1032 .050 .016 

2 Prior overall technology evaluation 1049.87 1024   n.s. .009 

3 Information source   993.77 1008   n.s. .000 

4 Information strategy   986.76 1000   n.s. .000 

5 Example product   976.41   992   n.s. .000 

6 Source x strategy   950.11   976   n.s. .000 

7 Source x product   938.05   960   n.s. .000 

8 Strategy x product   934.08   952   n.s. .000 

9 Source x strategy x product   916.32   936   n.s. .000 

  Stepwise model comparison statistics 

No. Effect on source evaluations  
entered into model 

Satorra-Bentler 
scaled ∆χ2 ∆df p < NFI 

1 None     

2 Prior overall technology evaluation 52.87 8 .001 .057 

3 Information source 92.03 16 .001 .053 

4 Information strategy   6.86 8   n.s. .007 

5 Example product 11.93 8   n.s. .010 

6 Source x strategy 33.19 16 .010 .027 

7 Source x product 10.92 16   n.s. .013 

8 Strategy x product   3.30 8   n.s. .004 

9 Source x strategy x product 18.36 16   n.s. .019 

 

 

The stepwise NFI, as a descriptive measure of comparative fit, indicated that the 

relative improvement in model fit due to the inclusion of prior overall technology 

evaluation was 5.7%. The improvement due to inclusion of the experimentally varied 
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source was somewhat smaller at 5.3%, and the improvement due to the interaction 

between source and strategy was still smaller at 2.7%. Effect sizes in terms of predic-

tive validities, i.e. partial squared multiple correlations with the dependent variables 

that can be attributed to the respective factor, are shown in Table 7.7. 

Hypothesis evaluation. The linear effect of participants’ preexisting attitudes, 

measured in terms of their prior evaluation of the technology, explained 7% of the 

reliable variance in their evaluations of the expertise and 10% in their evaluations of 

the trustworthiness of the source to which the information materials had been attrib-

uted. Based on the modeling results, Hypothesis 3 can therefore be accepted. Moreover, 

the effects of preexisting attitudes were almost twice as high as the effects of the source 

factor itself, suggesting a substantial result. 

 

Table 7.7. Effect sizes (partial squared multiple correlations for each effect; within countries). 

 Country  

 Denmark Germany Italy UK Average R2 

Dependent: Source expertise 
evaluation 

     

Prior overall technology 
evaluation 

.08 .08 .03 .05 .07 

Attributed information 
source 

.02 .02 .04 .05 .04 

Information source x 
communication strategy 

.01 .03 .01 .01 .00 

Dependent: Source 
trustworthiness evaluation 

     

Prior overall technology 
evaluation 

.08 .03 .05 .07 .10 

Attributed information 
source 

.02 .04 .05 .04 .06 

Information source x 
communication strategy 

.03 .01 .01 .00 .02 
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7.5. Discussion 

One of the perplexing conclusions from the literature on consumer attitudes to GM 

foods had been that not a single study ever managed to produce an attitude change 

effect. In the theoretical reconstruction in Chapter 3, we outlined a number of possible 

reasons for this. The aim of Study 2 was to identify the processes that make consumer 

attitudes towards genetically modified foods so resistant to persuasion. To this end, we 

reanalyzed data from one of the studies that had failed to find evidence for attitude 

change effects (Scholderer and Frewer, 2003; see review in Chapter 2.6). The analysis 

was based on a number of additional variables and experimental manipulations that had 

not been included in the Scholderer and Frewer (2003) analysis. We investigated two 

research questions: (a) what changes occurred in the structural consistency of consum-

ers’ attitude systems in response to failing attempts to persuade, and (b) whether con-

sumers changed their evaluations of the credibility of information sources instead of 

their attitudes when messages from the source failed to convince them of the merit of 

the arguments. 

7.5.1. Resistance to Persuasion: Active or Passive?  

We based our first hypothesis on Tesser’s (1978) schema-theoretic conceptualiza-

tion of structural consistency and attitude change. The value-expressive attitude system 

identified in Study 1, we expected, would provide consumers with a well-organized 

attitudinal schema for the processing of incoming information. Once activated, the 

schema should help consumers in the assimilation of pro-attitudinal arguments and in 

the refutation of counter-attitudinal arguments, resulting in increased structural consis-

tency of their attitudes (Tesser & Shaffer, 1990). Unfortunately, such an effect could 

not be found. People in the experimental groups who had been exposed to our benefit 

communication materials showed no increases in structural consistency as compared to 

people in the control group, who had not been exposed to such information.  

From this, it appears that an “active mode” of resistance to persuasion, using sys-

tematic schema-driven processing to withstand the persuasive attempts, is not the main 

mechanism underlying resistance to persuasion in the present case. However, the con-
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sistencies between attitudes before and attitudes after the experiment had been ex-

tremely high in all groups in the first place, including the control group. Hence, a ceil-

ing effect may have occurred, rendering the experimental manipulation ineffective. 

Another explanation might be that the mere measurement of attitudes before the ex-

periment sensitized the participants in the control group as well. If the Fazio, Sanbon-

matsu, Powell and Kardes (1986) results about the automatic activation of attitudes are 

interpreted in a strict way, the mere measurement of attitudes may indeed have primed 

the whole system to the same degree as the information materials in the experimental 

groups did.  

The second hypothesis concerned “passive modes” of resistance. In situations 

where people feel unmotivated to engage in active resistance to persuasion, we argued, 

it would be more likely that they would use passive, heuristic processes of resistance 

such as selective ignorance of the arguments in a message, or unsystematic, peripheral 

attitude shifts that are not enduring and do not affect the underlying evaluative dimen-

sions (Chaiken, 1987; Festinger, 1957; Petty & Cacioppo, 1986). Here, the data were in 

line with the hypothesis. Among participants in the experimental groups, we could 

identify higher measurement error in the attitude statements as compared to participants 

in the control group, whilst the variation in the underlying evaluative dimensions re-

mained unaffected. Hence, it seems that passive modes of resistance are indeed a factor 

to be reckoned with in consumers. 

7.5.2. Re-evaluation of Source Characteristics: Boomerang Effects? 

Our third hypothesis concerned boomerang effects. If communications from a 

source fail to convince consumers of a benefit argument, we argued, the sheer fact that 

the source endorsed a benefit argument might already have been enough to prompt a 

judgmental contrast phenomenon in consumers. And indeed, the data were consistent 

with the hypothesis. Even when the effect of the source was experimentally controlled, 

participants’ evaluations of the expertise as well as of the trustworthiness of the source 

were significantly dependent on participants’ preexisting attitudes towards the object. 

This effect was almost twice as large as the effect that the source itself had. Given that 



 Chapter 7: Study 2 201 

we used experimentally manipulated source attributions as different as a consumer 

organization, an industry organization, and the European Commission, which are 

known to differ markedly in the average credibility consumers are prepared to grant 

them (e.g., Gaskell, Allum & Stares, 2003; see Chapter 2.2.5), the size of the effects is 

quite unsettling.  

It appears from the present data that it matters much more for the credibility of a 

source that it communicates the same view on the GM issue that the average consumer 

has, than who the source actually is. In other words, the boomerang effect is so enor-

mously high that sources with high credibility would risk losing their credibility alto-

gether if they endorsed, on a broad public scale, arguments that run counter to preexist-

ing attitudes in the general public. Hence, participation in benefit communication cam-

paigns is a strategy that we cannot with a clear conscience recommend to high-

credibility sources such as consumer organizations. It is likely that their participation in 

such campaigns would not just leave consumers’ attitudes towards GM food unaffected 

(as our review of previous research suggested), it might even rob a consumer organiza-

tion of its main asset, which is its credibility in the eye of the consumer. 
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8. Study 3: Bypassing the Attitude System and 

Establishing Alternative Structures 

Recapitulating the evidence gathered until now, the research presented here has 

gone through three stages. The first stage consisted of more or less theoretical tasks: we 

weighed the results of existing research in Chapter 2 and identified points of conver-

gence as well as unresolved questions, which we then cast in more theoretical terms in 

Chapter 3. The second stage of our investigation was Study 1. Here, we provided a 

comprehensive assessment of the structure, function and strength of consumer attitudes 

towards GM foods in Europe. We concluded that the intra- and inter-attitudinal struc-

ture of these attitudes followed a top-down direction, and that the function of the atti-

tudes was value-expressive, which already suggested that they would be utterly resis-

tant to persuasive communication.  

The third stage of the investigation was Study 2. Here, we did not so much attempt 

to find a new, as yet undiscovered way to successfully communicate benefits to con-

sumers. Instead, we tried to identify the mechanisms through which resistance to per-

suasion operates. Unfortunately, this question was not completely resolved. What we 

did discover though was that unsuccessful attempts to persuade will backfire on the 

communicator. Given that attitude change by means of persuasive communication 

appears to be a fruitless and even dangerous task, the final problem yet to be resolved is 

what else can be done to change European consumers’ attitudes towards genetically 

modified foods.  

8.1. Research Questions and Hypotheses 

In the preliminary conclusions from the literature review, we had shown surprise 

that the effects of hedonic factors of GM foods on their acceptance had never been 
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investigated in previous research, even though the experienced taste of a food is gener-

ally considered the most important factor in the formation and stabilization of con-

sumer preferences (Brunsø, Fjord & Grunert, 2002; Rozin & Vollmecke, 1986). Hence, 

it was suggested in Chapter 3 that an alternative way of introducing GM foods to con-

sumers – as actual food products instead of an abstract technological concept – would 

provide the means to build an alternative attitude system around the object of GM 

foods.  

We related this to the general finding that direct experience with attitude objects 

makes attitudes more accessible, more resistant to change, and more predictive of 

behavior (Fazio & Zanna, 1978a, 1978b, 1981). Furthermore, comparisons between the 

effectiveness of product trials and advertising have yielded strong evidence in favor of 

product trials, indicating substantially increased repeat purchase rates relative to the 

purely communicative technique of advertising (Kempf & Smith, 1998; Marks & 

Kamins, 1988; Smith & Swinyard, 1978). If at any rate possible, we concluded, pro-

spective marketers of GM foods should therefore follow this route. 

However, the results of Study 2 have demonstrated the strong distortion effects 

which consumers’ preexisting attitudes towards GM foods can exert on incoming in-

formation. In the sensory evaluation of foods, judgmental distortion effects have been 

demonstrated numerous times as well (e.g., Cardello, 1994, 1995, 2003; Tuorila, 

Meiselman, Bell, Cardello & Hohnson, 1994). Consumers’ expectations serve as an-

chors relative to which sensory information is evaluated. However, Meyers-Levy and 

Tybout (1989) reported an interesting inertia phenomenon. In a series of product trials, 

their participants maintained a product evaluation schema from preceding trials al-

though the nature of the product attributes had changed between trials. Applied to the 

case of a person actually trying a GM food product, two very different outcomes would 

be predicted, depending on the schema that is activated first.  

If the value-expressive attitude system identified in Studies 1 and 2 were activated 

as a schema prior to the product trial (e.g., by informing the person that they were to 

taste a GM food), the schema would remain active even at the point where the product 

sample would be evaluated. Hence, we would predict that the product would be evalu-

ated in terms of a schema that derives all its evaluative anchors from higher-order 
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attitude objects such as environment and technology. The product would not actually 

contrast with the schema; it would simply not fit into it. Hence, non-commitment would 

be expected, and no weakening of the evaluative schema. 

If, on the other hand, a product-evaluation schema were activated first (e.g., by 

simply asking a person to try a product sample), and the genetic modification only 

revealed after the hedonic evaluation of the product, the product would still be evalu-

ated in terms of the product schema even though the genetic modification had been 

revealed. The concept of genetic modification of foods, on the other hand, would be 

evaluated in terms of the product schema, which should weaken the degree to which it 

is determined by technology and value associations, and strengthen the degree to which 

it is determined by product associations. Therefore, we would expect weakened struc-

tural consistency in the attitude system that would otherwise have anchored attitudes 

towards GM foods on general socio-political attitudes. In operational terms, the follow-

ing hypothesis can be formulated: 

 

• Hypothesis 1: If a consumer tastes a food and is only afterwards given the informa-

tion that the food had been genetically modified, his or her overall evaluation of 

GM foods should become less dependent on preexisting general socio-political atti-

tudes. 
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8.2. Method 

8.2.1. Participants and Procedure 

A total of 746 consumers from Denmark, Finland, Norway and Sweden were re-

cruited for participation in sensory experiments in 2000. All participants were between 

17 and 76 years old (mean age = 40). 61% of the participants were female. In Finland 

and Norway, participants were recruited in cooperation with sports clubs for monetary 

incentives. In Sweden, the participants were recruited through a research agency. In 

Denmark, an existing consumer panel was used. Two sessions were conducted with 

each participant. In the first session, participants were asked to taste eight different 

samples of hard yellow cheese. These were selected from among popular brands in the 

Nordic countries. Participants were asked to try each sample and rate their liking of 

each sample on a nine-point scale. In addition, participants filled in a questionnaire 

containing Pliner and Hobden’s (1992) food neophobia scale, a number of additional 

items regarding their general eating habits, and demographic information.  

Three weeks later, participants returned to the sensory laboratory for the second 

session, and were given another two cheese samples. One of the two cheese samples 

was of the same cheese type that the particular consumer had liked best in the first 

session. The labeling of this sample was experimentally varied between groups. Each 

participant was assigned at random to one of the groups. Three labeling conditions 

were imposed: 

 

• “Produced with a genetically modified starter culture. Contains one third of the fat 

of regular cheese”. In this condition, the GM attribute was linked with a health 

benefit.  

• “Produced with a genetically modified starter culture”. In this condition, the GM 

attribute was not linked with a health benefit. 

• No information (control). In this condition, the cheese was labeled with an arbitrary 

three-digit code. 
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After participants had tasted the two cheese samples and rated their liking, they 

were asked to fill in an additional questionnaire, asking them about their attitudes 

towards genetically modified foods, their general attitudes towards the environment, 

and their attitudes towards science and technology. Furthermore, a conjoint task was 

included were a number of attributes were varied in a fractional factorial design. The 

attributes included in the design were the following: 

 
• Fat content (regular, low) 

• Fat type (regular, more poly-unsaturated fats) 

• Calcium content (regular, enriched) 

• Zinc content (regular, enriched) 

• Price (market price, -25%, +25%) 

• Starter culture (GMO still active, GMO inactive, conventional) 

 
The results of the sensory tests have already been published in Lähteenmäki, 

Grunert, Ueland, Åström, Arvola and Bech-Larsen (2002). The complete results of the 

conjoint task will be reported in Grunert, Bech-Larsen, Lähteenmäki, Ueland and 

Åström (in press). Hence, the conjoint data will not be used in this analysis apart from 

the part-worth estimate for the “GM starter” attribute. After the experiment, partici-

pants were issued with a disclaimer stating that the cheeses had not been genetically 

modified. 

8.2.2. Overall Evaluation Measures 

Overall technology evaluation. The same measures as in Studies 1 and 2 were used 

to assess consumers’ overall evaluation of genetically modified foods as a technology. 

These were the three items: (A1) “Applying gene technology in food production is ...”, 

to be answered on a seven-point scale ranging from “extremely bad” to “extremely 

good”, (A2) “Applying gene technology in food production is ...”, to be answered on a 

seven-point scale ranging from “extremely foolish” to “extremely wise”, and (A3) “I 

am strongly ... applying gene technology in food production”, to be answered on a 

seven-point scale ranging from “strongly against” to “strongly for”. 
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8.2.3. General Socio-political Attitude Measures 

To assess the degree to which participants’ attitudes towards genetically modified 

foods were dependent on more general attitudes, two of the instruments already used in 

Study 1 were included again, including (AE) attitude towards environment and nature, 

and (AT) attitude towards technology. All items were answered on seven-point scales 

ranging from “strongly disagree” to “strongly agree”. Analyses of the cross-cultural 

validity of the scales indicated that a number of items had strong biases in their factor 

loadings across the four consumer populations. Hence, abbreviated versions with three 

items each will be used in the present analyses. The retained items were the following. 

Attitude towards environment and nature. Respondents’ general attitude towards 

environment and nature was measured by three items from the “new environmental 

paradigm” scale by Dunlap and Van Liere (1978), including (AE1) “The balance of 

nature is very delicate and easily upset by human activities”, (AE4) “Modifying the 

environment for human use seldom causes serious problems”, and (AE6) “Mankind 

was created to rule over the rest of nature” [-]. All items were answered on seven-point 

scales ranging from “strongly disagree” to “strongly agree”. 

Attitude towards technology. Respondents’ general attitude towards modern tech-

nologies was measured by three items adapted from Hamstra (1991), including (AT1) 

“The degree of civilization of a people can be measured from the degree of its techno-

logical development”, (AT2) “New technological inventions and applications make up 

the driving force of the progress of society”, and (AT4) “Throughout the ages, techno-

logical know-how has been the most important weapon in the struggle for life”. All 

items were answered on seven-point scales ranging from “strongly disagree” to 

“strongly agree”. 

8.2.4. Food Neophobia Measures 

Food neophobia. In addition, Pliner and Hobden’s food neophobia scale was in-

cluded to measure habitual rejection of unfamiliar foods. Three items were retained 

from the original ten-item food neophobia scale by Pliner and Hobden (1992), includ-

ing (FN6) “At dinner parties I will try a new food” [-], (FN7) “I am very particular 
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about the foods I will eat”, and (FN9) “I like to try new ethnic restaurants” [-]. All 

items were answered on seven-point scales ranging from “strongly disagree” to 

“strongly agree”. Means and standard deviations of all measures are given in Table 8.1. 

 

 

Table 8.1. Means and standard deviations of measures. 

 Country  

Variable Denmark Finland Norway Sweden Total 
 M (SD) M (SD) M (SD) M (SD) M (SD) 

Overall technology 
evaluation  

     

A1 3.38(1.61) 3.29(1.76) 2.83(1.49) 2.70(1.67) 3.05(1.65) 

A2 3.80(1.50) 3.43(1.71) 3.04(1.49) 3.02(1.65) 3.32(1.61) 

A3 3.31(1.34) 3.06(1.62) 2.82(1.48) 2.75(1.58) 2.99(1.52) 

Attitude towards 
environment and 
nature 

     

AN1 5.76(1.15) 6.48(0.94) 5.61(1.25) 5.75(1.34) 5.88(1.23) 

AN4 5.19(1.43) 6.18(1.24) 5.11(1.57) 5.62(1.48) 5.49(1.50) 

AN6 5.25(1.67) 6.29(1.37) 5.31(1.78) 5.94(1.53) 5.67(1.66) 

Attitude towards 
technology 

     

AT1 4.19(1.58) 3.69(1.75) 4.37(1.38) 3.97(1.61) 4.07(1.59) 

AT2 4.68(1.45) 5.32(1.28) 4.99(1.35) 4.88(1.60) 4.95(1.44) 

AT4 4.21(1.47) 4.30(1.57) 4.35(1.50) 3.90(1.55) 4.19(1.53) 

Food neophobia 
     

FN6 1.94(1.15) 1.50(0.98) 2.30(1.24) 1.73(1.22) 1.88(1.19) 

FN7 2.32(1.60) 1.84(1.56) 4.13(1.48) 2.06(1.65) 2.63(1.81) 

FN9 2.79(1.67) 2.67(1.71) 3.54(1.87) 2.50(1.82) 2.89(1.81) 
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8.3. Analysis and Results 

Since the number of respondents in the control group was too small to allow the 

setup of a multi-group analysis with a complete structural equation model estimated 

separately in each experimental group within each country, we were forced to find a 

solution where the data could be pooled. Hence, we will present our results in two 

steps. First, we will report analyses ensuring that the parameters of the measurement 

models were indeed invariant across the four countries. Then, we will present the re-

sults of the hypothesis tests on the structural model. 

8.3.1. Invariance Analysis of Measurement Model  

Model specification. A confirmatory factor analysis model was specified simulta-

neously in the four country-specific sub-samples, including the four factors attitude 

towards nature, attitude towards technology, food neophobia, and overall evaluation of 

GM foods as a technology, each measured by three items. Following the procedure 

suggested by Steenkamp and Baumgartner (1998), six hierarchically nested models 

were then estimated. In each step, a further set of constraints on the means-and-

covariance structure was relaxed. Model 1 (identity) constrained factor loadings Λx, 

item intercepts τx, factor covariances and factor variances Φ, error variances Θδ, and 

latent factor means κ to be invariant across populations. Model 2 (error variance in-

variance) constrained factor loadings, item intercepts, factor covariances, factor vari-

ances, and measurement error variances to be invariant. Model 3 (factor variance in-

variance) constrained factor loadings, item intercepts, factor covariances, and factor 

variances to be invariant. Model 4 (factor covariance invariance) constrained factor 

loadings, item intercepts, and factor covariances to be invariant. Model 5 (scalar invari-

ance) constrained factor loadings and item intercepts to be invariant. Model 6 (metric 

invariance) constrained the complete matrix of factor loadings to be invariant. Model 7 

(configural invariance) imposed an identical simple structure on the data, assuming the 

same pattern of zero and non-zero loadings to hold in all samples.  
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Estimation. All models were estimated by means of maximum likelihood using 

LISREL 8.54 (Jöreskog & Sörbom, 1996; Jöreskog, Sörbom, du Toit & du Toit, 1999, 

2003). To account for non-normality in the data, the Satorra-Bentler scaled χ2 statistic 

was used in all computations (see Chapter 5.2.5).  

 

Table 8.2. Invariance of measurement model across populations. 

  Goodness-of-fit statistics 

No. Estimated model Satorra-Bentler 
χ2 df p < RMSEA 

1 Identity  1223.317 368 .001 .111 

2 Error variance invariance  914.393 353 .001 .092 

3 Factor variance invariance 636.395 317 .001 .073 

4 Factor covariance invariance 643.740 302 .001 .078 

5 Scalar invariance 500.182 272 .001 .067 

6 Metric invariance 381.922 248 .001 .054 

7 Configural invariance 291.723 224 .001 .040 

  Stepwise model comparison statistics 

No. Invariance constraint relaxed Satorra-Bentler 
scaled ∆χ2 ∆df p < NFI 

1 None      

2 Factor means  308.924 15 .001 .057 

3 Error variances  277.998 36 .001 .053 

4 Factor variances 7.345 15  n.s. .007 

5 Factor covariances 143.558 30 .001 .010 

6 Item intercepts 118.260 24 .001 .027 

7 Factor loadings 90.199 24 .001 .013 
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Estimation was based on within-sample covariance matrices, mean vectors and asymp-

totic covariance matrices computed from the Danish (N = 204), Finnish (N = 169), 

Norwegian (N = 199) and Swedish (N = 181) sub-samples.  

Goodness of fit. Goodness of fit and model comparison statistics are shown in 

Table 8.2. The overall goodness-of-fit χ2 indicated significant deviations of model-

implied from observed covariance matrices for all models. Like before, we shall dis-

count this result somewhat as the test is overly sensitive in large samples. The RMSEA, 

as a descriptive measure of model fit, indicated acceptable values (RMSEA < .08) for 

all models apart from Models 1 (identity) and 2 (error variance invariance). The model 

comparison statistics showed the same pattern. The explicit ∆χ2-test indicated signifi-

cant improvement of model fit at every step, whereas the NFI, as a descriptive measure 

of model improvement, indicated that the magnitude of the changes was relatively 

insubstantial in all steps after the error variance invariance model. Hence, it was de-

cided to accept the next level of invariance, factor variance invariance, as an acceptable 

level for the measurement model. As explained in Chapter 4.5.2, the invariance level is 

sufficient for the existence of common interval scales across all four populations. 

8.3.2. Structural Model and Hypothesis Tests 

Model specification. Hypothesis 1 assumed that direct hedonic experience with a 

GM food would weaken the structural consistency of the attitude system linking atti-

tudes towards genetically modified foods to general socio-political attitudes. The test of 

this hypothesis was set up as a moderator analysis, similar to the ones in Studies 1 and 

2. The same structural model was specified in the three experimental groups: (a) the 

GM-and-health-benefit group, where consumers had been told that the cheese they had 

liked best in the first session had been genetically modified and had an additional 

health benefit, (b) the GM-but-no-health-benefit group, where consumers had only 

been told that the cheese they had liked best in the first session had been genetically 

modified, and (c) the control group, where consumers had not received any such infor-

mation.  
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The structural model contained the general socio-political attitudes (attitudes to-

ward the environment and attitude towards technology) and food neophobia as latent 

exogenous factors. Consumers’ overall evaluation of GM foods as a technology was 

specified as a latent endogenous factor. The part-worth of the GM attribute from the 

conjoint analysis was specified as the error-free indicator of another endogenous factor, 

“effect of genetic modification of product on choice”. Furthermore, three dummy vari-

ables were included as manifest exogenous variables to control for possible effects of 

the factor “country”. The framework model is shown in Figure 8.1.  

For the moderator analysis, two models were then specified. Model 1 (equal struc-

tural consistency) assumed that all model parameters would be invariant across the 

three groups.  
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Figure 8.1. Framework model for tests of moderated structural consistency. 
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Table 8.3. Tests of moderated structural consistency: goodness-of-fit and model comparison statistics. 

  Goodness-of-fit statistics 

No. Estimated model Satorra-Bentler 
χ2 df p < RMSEA 

1 Equal consistency  645.26 384 .001 .048 

2 Moderated structural consistency  546.47 324 .001 .048 

  Stepwise model comparison statistics 

No. Invariance constraint relaxed Satorra-Bentler 
scaled ∆χ2 ∆df p < NFI 

1 None      

2 Regression coefficients and equation 
error variances  

98.79 60 .001 .153 

 

 

 

Model 2 (moderated structural consistency) allowed the parameters of the struc-

tural model to vary between the three groups. These were the regression coefficients 

linking overall evaluation of GM and effect of GM on product choice to the general 

socio-political attitudes and food neophobia, as well as the equation errors in the pre-

diction of overall evaluation of GM and effect of GM on product choice. Measurement 

model parameters were assumed to be invariant across groups 

Estimation. The models were estimated as before, but now based on within-sample 

covariance matrices, mean vectors and asymptotic covariance matrices computed from 

GM-and-heath-benefit group (N = 332), the GM-but-no-health-benefit group (N = 313), 

and the control group (N = 86), all pooled from the respective groups in the four coun-

tries where the research had been conducted.  

Goodness of fit. Goodness of fit and model comparison statistics are shown in 

Table 8.3. The overall goodness-of-fit χ2 indicated significant deviation of model-

implied from observed covariance matrices for both models. Again, we shall discount 



 Chapter 8: Study 3 214 

this result, as the test is overly sensitive in large samples. The RMSEA, as a descriptive 

measure of model fit, indicated acceptable values for both models.  

Model comparison. The explicit ∆χ2-test indicated significant improvement of 

model fit when the constraints on the structural model were relaxed. Model 2 (moder-

ated structural consistency) fitted significantly better. The NFI indicated that the mag-

nitude of improvement was relatively large, approximately 15%.  

Hypothesis evaluation. Estimates of the different structural consistencies are 

shown in Figure 8.2 in terms of squared multiple correlations in the prediction of the 

endogenous factors. The structural consistency in the attitude system was substantially 

weakened in the group where participants had had direct experience with a GM food 

that also had a health benefit. In the group where no health benefit had been indicated, 

however, no such effect occurred. Hence, Hypothesis 1 can be accepted, albeit with a 

qualification: it appears that there must be an additional consumer benefit involved in 

order to make the direct experience manipulation effective.  
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Figure 8.2. Structural consistency and direct experience: degree to which global evaluations of GM 

foods and effects of genetic modification on product choice are determined by general socio-political 

attitudes in the three groups defined by different direct-experience conditions (values are squared 

multiple correlations). 
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Figure 8.3. Latent means of endogenous factors in the three groups defined by different direct-

experience conditions (standardized values). 

 

 

Finally, estimates of latent means for the endogenous factors within the three ex-

perimental groups are shown in Figure 8.3 (standardized values). The pattern is similar 

to the pattern observed in the structural consistency estimates. Not only could the di-

rect-experience manipulation weaken the degree to which consumers’ evaluation of 

GM foods was dependent on their general socio-political attitudes, it could even raise 

the absolute level of the attitudes substantially upwards. Analyzed on this level, there 

also seems to be a weaker difference between the two types of direct-experience ma-

nipulations than was observed for the structural consistencies.  
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8.4. Discussion 

In Chapters 3, we noted that in practically all current research on consumer atti-

tudes towards genetically modified foods, the fact that the attitude object is a food has 

virtually been forgotten. Hence, we suggested turning the conceptualization of GM 

foods back on its feet, understanding them as foods and not just embodiments of a 

stigmatized technology. The research question guiding Study 3 was therefore, whether 

direct experience with an actual GM food would be able to convince consumers that 

these foods are perfectly acceptable products. To this end, a sensory experiment was 

conducted where consumers tried different cheese samples.  

Using experimentally manipulated feedbacks, we convinced one group of consum-

ers that the cheese they had liked best from among the samples had been genetically 

modified and had a tangible health benefit. Consumers in a second group received the 

same treatment, but were told that the cheese they had liked best had been genetically 

modified, but without an additional health benefit. A third group did not receive any 

such information. Our hypothesis had been that the degree to which consumer attitudes 

towards GM foods form a structurally coherent system with more general socio-

political attitudes, would be weakened in those groups where consumers had been told 

afterwards that the cheese they had tasted had been genetically modified.  

8.4.1. Deconstructing an Evaluative Schema 

The hypothesis was partially confirmed. We found indeed that consumers’ atti-

tudes towards GM foods were less dependent on general socio-political attitudes, but 

only under the condition where a health benefit had been claimed as well. In the condi-

tion without a health benefit, on the other hand, the structural consistency of the atti-

tude was even slightly increased as compared to the control group. This poses a theo-

retical problem. Our hypothesis had been derived from a particular application of 

schema theory (Meyers-Levy & Tybout, 1989). It assumed that, in series of judgment 

tasks, consumers would show a marked unwillingness to switch from one evaluative 

schema to another. In line with this, we had expected that if consumers first evaluate a 

product sample in an unbiased way, i.e. as a product, the schema would stay active 
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afterwards. Information about the fact that the product had been genetically modified 

should then be assimilated towards the product evaluation schema, and not the other 

way around.  

However, it appears that an additional “incentive” has to be involved to obtain this 

effect. When an additional health benefit was claimed, the hypothesis seemed be cor-

rect. When no additional benefit was offered, we obtained the opposite effect we had 

predicted. Possibly, consumers felt cheated out of their pleasurable hedonic experience, 

which may have provoked reactance (Festinger, 1957). Alternatively, a biased-

assimilation process may have been triggered which worked ex-post, distorting the 

memory representation of the hedonic experience during the recall phase (Roberts, 

1985). More research on the nature of these effects is clearly warranted in the future. 

8.4.2. Attitude Change 

Our hypothesis had actually only been concerned with different degrees of struc-

tural consistency in consumers’ attitudes. Although we were not so bold as to actually 

expect attitude change, we appear to have observed it. In Chapter 3.7.2, we had argued 

that, in an ideal world, hedonic experience with GM foods could contribute to the 

formation of an alternative attitude system. Through basic associative learning mecha-

nism, a true bottom-up structure would evolve, based on sensory attributes and hedonic 

gratifications. Since the different associations would be based on direct experience, the 

resulting attitude would be easily accessible, resistant to change, and predictive of 

behavior (Fazio & Zanna, 1978a, 1978b, 1981). We had not really believed that this 

would be possible, given the strong judgmental distortion effects we had observed in 

Study 2. But surprisingly, these do not appear to have affected the absolute level of 

consumers’ attitudes very much. In terms of attitude change, enabling consumers to 

have direct experience with a high-quality product may therefore be the road to product 

acceptance, and in medium terms, maybe to technology acceptance as well.  
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9. Conclusions and Implications 

We began our discussion of consumer attitudes towards genetically modified foods 

with a short history of the troubled times through which these foods have gone in 

Europe. Consumer attitudes came to the attention of the players in the debate around 

the mid-1980s, when governments in several EU member states commissioned tech-

nology assessment exercises to help them formulate coherent policy. Since these early 

days, much has happened. The late 1980s and early 1990s saw the introduction of new 

legislation, first on the national level, then increasingly on a European level. After an 

initial calming of the debate, discontent flared up again in the mid-1990s. A number of 

trigger events led to an escalation of the situation, resulting in a quasi-moratorium on 

further approval of GM foods in June 1999, imposed by five EU member states. At the 

time of writing (May 2004), the moratorium has just been lifted. The road is open again 

for GM foods in Europe. 

During the years of the moratorium, however, the commercial stakeholders in the 

debate – agribusiness companies, food manufacturers, and retailers – have made little 

effort to prepare themselves for the marketing of actual GM products to consumers. 

Considerable research was conducted in the1990s, when the moratorium was not an 

issue yet. However, as we argued after a review of the existing evidence, this research 

has not solved the fundamental problem: given that we know that consumers have 

critical attitudes towards gene technology, how can we convince them that products 

resulting from an application of the technology will still be acceptable foods? The aim 

of the work presented here was to help sketch a way forward. In the following, we will 

first present a short review of the research we conducted. Then, we will present the key 

results, and finally, discuss how future promotional activities for GM foods might look.  
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9.1.1. Review of the Research Presented 

The initial phase in the investigation consisted of desk research. We reviewed the 

existing research on consumer attitudes towards GM foods in Europe and came to a 

number of preliminary conclusions and unresolved questions. The preliminary conclu-

sions were four. First, attitudes towards GM foods appeared to be strongly related to 

general socio-political attitudes, in particular to attitudes towards environment and 

nature, attitudes to science and technology, and trust in the institutions that regulate 

emerging technologies and manage their risks. Second, the object of consumers’ atti-

tudes towards GM foods appeared to be the technology as such, not particular products. 

Third, beliefs about the consequences of the technology were of relatively low com-

plexity and relatively ill defined. Fourth, attitudes towards GM foods appeared to be 

utterly resistant to persuasion. 

The unresolved questions were five. First, it appeared from the review that the 

structure of consumer attitudes had been researched in an inconsistent manner. Hence, 

it was unclear whether attitudes to GM foods were based on independent sets of beliefs 

(bottom-up) or whether beliefs were derived from heuristic evaluations (top-down). 

Second, and related to that, it was unresolved whether attitudes towards GM foods 

were purely derivative of general socio-political attitudes, or whether their formation 

involved a quasi-rational risk-benefit trade-off. Third, it was not known whether these 

attitudes served value-expressive purposes for consumers, or whether they merely 

provided preliminary orientation in a situation of uncertainty, i.e. where consumers did 

not have enough factual knowledge to form better judgments.  

Fourth, it was unknown why consumer attitudes were so resistant to persuasion. 

We hypothesized that attitudes towards GM foods provided consumers with a schema 

for the systematic refutation of counter-attitudinal arguments, and that the activation of 

this schema would lead to distorted perceptions of the credibility of an information 

source in situations where the source argued against consumers’ preexisting attitudes. 

Finally, we suggested that direct product experience with GM foods could build an 

alternative attitude system and lessen the degree to which consumer attitudes depended 

on general socio-political attitudes and values. We framed our research questions in 

theoretical terms derived from classical theories of social cognition such as Sherif and 
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Sherif’s (1961) social judgment theory, and Katz’s (1960) functional approach to the 

study of attitudes.  

We proceeded with the development of the necessary methodology to investigate 

these questions, and then presented three empirical studies that applied the methodol-

ogy to empirical data. Study 1 was a large attitude survey, simultaneously conducted in 

four EU member states. The aim of the analysis was to provide a comprehensive as-

sessment of the structure and function of consumer attitudes towards GM foods. Study 

2 was an attitude change experiment that had failed to actually yield any attitude 

change effects in consumers. It was conducted simultaneously in four EU member 

states as well. Here, we investigated the processes underlying resistance to persuasive 

communication and potential boomerang effects that might threaten the credibility of 

the communicator. Finally, in Study 3 we investigated the effects which actual product 

experience had on consumers’ attitudes. 

9.1.2. Key Results: Attitude Structure and Function  

The central conclusion from Study 1 was that the attitudes of European consumers 

towards genetically modified foods are firmly embedded in a system of more general 

socio-political attitudes. On the inter-attitudinal level, we could show that the system is 

consistently structured in a top-down manner, where general socio-political attitudes 

provide an “evaluative template” from which, in a first step, consumers derive their 

overall evaluations of GM foods as a technology. In a second step, these overall tech-

nology evaluations are further concretized into evaluations of the risks and benefits of 

the technology. On an intra-attitudinal level, we could also show that specific beliefs 

are derived in the same top-down manner from general, heuristic evaluations.  

On neither of the system levels, any evidence for bottom-up processes could be 

found that would be consistent with the assumptions of belief-based, compositional 

attitude formation or the existence of the risk-benefit trade-off that is ubiquitously 

assumed in the literature. We concluded that these attitudes have a value-expressive 

function for consumers, allowing consumers to maintain a consistent self-concept by 

aligning their attitudes with more deeply felt, general convictions about the integrity of 
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nature, the course of technological progress, and the balance of power in society. Be-

cause such attitudes derive their valence and evaluative strength from attitudes of 

higher order, they are generally regarded as very strong and nearly impossible to 

change through simple communication techniques. 

9.1.3. Key Results: Judgmental Distortion and Boomerang Effects  

The main conclusion from Study 2 concerned boomerang effects. Our hypothesis 

had been that, if communications from a source fails to convince consumers of its 

benefit argument, the sheer fact that the source endorsed a benefit argument might 

already be sufficient to trigger a judgmental distortion process in consumers. And 

indeed, the data were consistent with the hypothesis. Even when the effect of the source 

was experimentally controlled, participants’ evaluations of the expertise and trustwor-

thiness of the source were significantly dependent on participants’ pre-existing atti-

tudes towards the object. This effect was almost twice as large as the effect that the 

source itself had had.  

The pattern in the data made the unsettling suggestion that it may matter much 

more for the credibility of a source that it communicates the same view on the GM 

issue that the average consumer has, than who the source actually is. In other words, 

the boomerang effect appears to be so strong that sources with high credibility would 

risk losing their credibility altogether if they endorsed, on a broad public scale, argu-

ments that run counter to preexisting attitudes in the general public. Hence, participa-

tion in benefit communication campaigns is a strategy that we cannot with a clean 

conscience recommend to high-credibility sources. It appears likely that their participa-

tion in such campaigns would not just leave consumers’ attitudes towards GM food 

unaffected, it might even rob them of one of their main assets. 

9.1.4. Key Results: Building an Alternative Attitude System through Direct Experience  

The first conclusion from Study 3 was that, through direct experience, consumer 

attitudes towards GM foods can indeed be “decoupled” from the value-expressive 
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system of general attitudes that had caused the strong judgmental distortion effects in 

Study 2. However, there was a caveat: only when an additional, tangible consumer 

benefit was offered, our hypothesis seemed to work, and consumers judged GM foods 

less through the lens of their general attitudes. When no additional benefit was offered, 

however, we obtained the opposite effect than we had predicted. Hence, if GM prod-

ucts are supposed to help overcome biased judgments, they will indeed have to be 

products of superior quality. We had not really believed that this would be possible, but 

surprisingly, direct experience did indeed manage to change consumers’ attitudes to 

GM foods. Hence, the second main conclusion from Study 3 is that enabling consumers 

to have direct experience with a high-quality product may be the road to product accep-

tance, and in medium terms, maybe even to technology acceptance. 

9.1.5. Direct Promotion of GM Foods 

The obvious question is now, of course, whether the massive launch of GM foods 

in Europe and their promotion through direct point-of-sale activities, like the handing 

out of free product samples, will indeed be a viable strategy. The first barrier to such a 

strategy is the potential of stakeholder conflict. Even if retailers can be convinced by 

food manufacturers that the strategy will work, would a concerted campaign by NGOs 

not lead to the same situation as the launch of Nestlé’s Butterfinger did in 1998? We 

think that such a conflict situation may indeed occur if a product can be singled out and 

targeted by a protest campaign. If whole sets of products were launched by manufac-

turers and supermarkets in coordinated schemes, the potential leverage of such protest 

campaigns would likely be dissipated to a point of harmlessness.  

The other question is whether the presence of a GM label on a product will invoke 

a judgmental bias in consumers’ product experience. This is indeed not unlikely to 

happen if labels were attended to by consumers. However, research suggests that this is 

not generally the case (see Heroux, Laroche & McGown, 1988; Mathios, 2000). In 

situations of massive media coverage, heightened issue awareness might still be 

prompted in consumers though, posing a possible threat to the success of the strategy. 
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9.1.6. The Future of Communications about GM Foods 

The results of the research presented here might easily be misconstrued in the way 

that we appear to suggest the abandoning of all communication about GM foods that 

addresses consumers. This is by no means something we would recommend. For one 

thing, it is rather unlikely that consumer organizations and environmental groups will 

change their policies to such an extent that they will openly participate in benefit com-

munication campaigns such as those that triggered the large boomerang effects in Study 

2. The strategic implications of the direct-experience findings, on the other hand, are 

only meaningful for commercial actors in consumer markets, i.e. food manufacturers 

and retailers. For governmental bodies, already involving consumers in the early stages 

of the development of regulatory policy may be a similar way to gain more recognition 

for their policies. Such an approach has indeed been outlined in a number of recent 

consumer policy papers (e.g., Frewer, Lassen, Kettlitz, Beekman & Berdal, 2004). 

Research is in the pipeline that will elucidate the mechanisms through which inclusive, 

participatory policy formation might affect the acceptability of the resulting instru-

ments. Should this turn out to be a promising road, a means may have been found that 

may render two decades of regulatory struggle, as observed in the case of GM foods in 

Europe, unnecessary in the future.    
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Appendix 1 

Definition of the term “gene technology” used in Study 1 

 

 

 

 

Information about Gene Technology 
 
 
All living organisms (plants, animals and human beings) are made up of cells. 
The cells contain, among other things, hereditary characteristics (genes) that 
determine what each organism will look like, for instance whether a child will 
get blue eyes or whether a plant will be able to resist a certain pesticide. 
 
The hereditary characteristics of all living organisms are changed from one 
generation to another, either naturally or through traditional breeding tech-
niques. By gene technology the hereditary characteristics are altered in a new 
way. Gene technology can be used to modify the hereditary characteristics of 
an organism, to move hereditary characteristics from one organism to another, 
or to take away a specific hereditary characteristic from an organism. 
 
When we use the term “genetically modified food products” in this study, we 
mean foods where gene technology has been applied at some stage in the pro-
duction process. 
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Appendix 2 

“Balanced/general information” used as stimulus material in Study 2: 

 

 

What is genetic modification? 
 
All living organisms (plants, animals and human beings) are made up of cells. The 
cells contain, among other things, hereditary characteristics (genes) that determine 
what each organism will look like, for example whether a child will get blue eyes or 
whether a plant will be able to resist a certain pesticide. 
 
The hereditary characteristics of all living organisms are changed from one generation 
to another, either naturally or through traditional breeding techniques. By gene tech-
nology the hereditary characteristics are altered in a new way. Gene technology can 
be used to modify the hereditary characteristics of an organisms, to move hereditary 
characteristics from one organism to another, or take away a specific hereditary char-
acteristic from an organism. 
 
The supporters and opponents of genetic modification - and their interests 
 
Those who favour genetic modification include: 

• Farmers, who wish to maximise productivity / profitability through higher yields 
and a reduction in costs 

• Companies that are developing new supply the pesticides to which genetically 
modified seeds and companies that supply the pesticides to which genetically 
modified seed varieties are resistant (often members of the same group) 

• Food manufacturers who look for additional benefits in the raw materials they 
buy (e.g. better taste, prolonged freshness, less damage to crops from pests, 
weather etc.) 

• Research scientists who wish to improve our knowledge of biochemistry and who 
are interested in innovation that would help us produce more food. 

 
Those who have declared themselves against genetic modification include: 

• “Green” activists concerned that the world’s ecological balance may be damaged 
• “Healthy food” activists concerned by the possible longer-term health implica-

tions 
• Consumer groups opposed to the influence of large corporations 
• Campaigning journalists whose views coincide with those of the above groups 
 
There is also a third group, the “wait and see” neutral observers in government, sci-
ence, industry and the media.  
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This group recognises potential benefits in genetic modification in the longer term, 
but demands safeguards (through testing) and respect for consumer rights (product la-
beling to ensure that consumers have a possibility of choosing whether they want to 
buy genetically modified products. 
 
Arguments for and against genetic modification 
 
Product quality 

Those who are for genetic modification argue that we have engaged in selective 
breeding of both animals and plants for centuries to improve their characteristics. In 
their view genetic modification simply lets us do this more quickly and better. The 
opponents, on the other hand, say that consumers have not asked for these “improve-
ments”. In fact, the opponents claim, consumers are more interested in a return to 
more naturally grown foods. 
 
Safety and health 

Some people say lets farmers and the food industry produce safer and healthier prod-
ucts that also resists damage from e.g. pests or bad weather better but are otherwise 
identical to traditional foods. Against this the question has been put: How do we 
know what the longer-term effects will be on future generations? According to these 
people animal testing is not enough, and there is a danger that we will discover the 
harmful effects too late. 
 
Here, proponents argue that all development and use of genetically modified products 
is subject to official approval to ensure that they are safe and do not result in un-
wanted side-effects, either on the general environment or human health. But not all 
experts agree with this. They don’t trust the authorities, whom they believe have 
shown themselves to be on the side of the big corporations in this as in many other ar-
eas. 
 
Human achievement 

Some also see genetic modification as an outstanding example of our ability and em-
phasize that we have been using our creativity and capacity for innovation for thou-
sands of years to harness natural resources. This has resulted in the scientific ad-
vances on which our modern civilization is based. Against this has been put the view 
that we do not know enough to interfere with natures basic building blocks, and that 
we should not “play god”. 
 
Environment 

Nor do proponents and opponents agree on the environmental impact of genetic 
modification. Opponents claim that genetic modification may have damaging effects 
on the environment, because it is not natural and may lead to, for instance, plant resis-
tance when it is used in pesticides. Proponents, on the other hand, claim that genetic 
modification results in higher yields and less waste. This will improve our use of 
valuable natural resources and thus protect the environment. Many proponents also 
argue that genetic modification can in fact be used to reduce the use of pesticides and 
chemical fertilisers. 
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Feeding the world 

Some also favour genetic modification because they believe that it will reduce our 
dependence on scarce raw materials, and that it will help us provide enough food for 
the world’s rapidly increasing population. Others oppose this solution to the food 
shortage problem by stating that if a raw material is scarce, we have always been able 
to find alternatives or new methods to increase production without interfering with 
basic natural principles. 
 
The use of genetic modification in food production 
 
Genetic modification of organisms, mostly plants and microbes, is now used to help 
make food products. Scientists transfer hereditary material, DNA, from one organism 
to anther in a way which does not happen in nature to give the genetically modified 
organism new features. Ingredients in food production are often derived from geneti-
cally modified organisms. The best known examples are plant breeding, where scien-
tists have modified crop plants both to help farming and to improve the quality of the 
product. Genetic modification techniques can also be used in food processing. Food 
producers use such methods to test for harmful bacteria. Many also use a number of 
enzymes such as rennet to produce cheese and amylase to make starch syrup. These 
enzymes are frequently made using genetically modified microbes to obtain an even 
and high quality. 
 
Man has used microbes for thousands of years in food production. We use, for in-
stance, yeast in baking and in the production of wine and beer. Many dairy products 
are made using lactic acid bacteria, and the old way of preserving vegetables by fer-
mentation, e.g. in sauerkraut, is a microbiological process. Scientists have also modi-
fied the microbes used to produce food. In these developments the remove or enhance 
certain features of the microbe, or they may even transfer genes from one food pro-
ducing microbe to another. Their reason for this is again either to improve the process 
or the product. 
 
Scientists have modified both yeast and lactic acid bacteria, for instance to produce 
more vitamins, and to produce more, or less, of certain flavour compounds. We can 
control the way dough rises by genetic modification of the yeast. We can use modi-
fied microbes instead of additives and preservatives, also we can make low calorie 
products using modified microbes. Such microbes may help food production in other 
ways as well but only a few are on the market at present. 
 
Clearly, we must avoid inventing new types of food which have health risks. We 
therefore have to do everything possible to ensure that these new products are safe. 
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Appendix 3 

Product-specific information (beer version) used as stimulus material  

in Study 2: 

 

 
 

Information about Brewmaster’s Korbacher 
 
 
This beer is produced by means of genetic modification. Genetically modified 
yeast is used in order to brew beer in a more environmentally friendly way 
while still ensuring high quality beer. 
 
Genetic modification of the yeast means that beer no longer needs to be stored 
for several weeks to maturate. This shortens the total production time to about 
one week. The shortened production process leads to a better use of natural re-
sources; the need for production equipment is reduced, and much less energy 
is needed to produce the beer. 
 
The gene that is used in the genetic modification is extracted from a food-
derived micro-organism. The yeast is completely removed from the beer and 
all the foreign genetic material eventually left in the beer is destroyed by pas-
teurisation so that no genetic material is present in the end product. 
 
The shorter beer production process increases the quality consistency of the 
beer, so that the quality of the beer is the same as in beer that is produced in 
traditional ways, only the beer quality remains more constant. 
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Appendix 4 

Product-specific information (yoghurt version) used as stimulus material  

in Study 2: 

 

 

 

Information about genetically modified  

low-fat Dairy Fresh yoghurt  
 
 
This yoghurt has been produced by means of genetic modification. Usually 
yoghurt is produced by fermenting milk with two Lactic Acid Bacteria, but in 
this case genes from a third bacteria have been inserted.  
 
Usually low-fat yoghurts are made with skim milk, which, however, makes the 
texture of the yoghurt rather thin and aqueous. If a more smooth texture is 
wanted, processing aids like antioxidants and stabilisers are then usually added 
to the product. 
 
With this new yoghurt cultures low-fat skim milk can be fermented in a yo-
ghurt without addition of any processing aids. The yoghurt can be produced in 
conventional yoghurt equipment without any need for additional processing.  
 
All living organisms (plants, animals and human beings) are made up of cells. 
The cells contain, among other things, hereditary characteristics (genes) that 
determine what each organism will look like, for instance whether a child will 
get blue eyes or whether a plant will be able to resist a certain pesticide. 
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