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SUMMARY 

Chapter 1 (“Systems of attitudes towards production in the pork industry”) outlines a 

general theoretical framework for investigating complex attitude systems and applies the 

framework to a particular case, public attitudes towards agricultural production systems. 

Existing research on public attitudes towards agricultural production systems is largely 

descriptive, abstracting from the processes through which members of the general public 

generate their evaluations of such systems. The paper adopts a systems perspective on such 

evaluations, understanding them as embedded into a wider attitude system that consists of 

attitudes towards objects of different abstraction levels, ranging from personal value 

orientations over general socio-political attitudes to evaluations of specific characteristics of 

agricultural production systems. It is assumed that evaluative affect propagates through the 

system in such a way that the system becomes evaluatively consistent and operates as a 

schema for the generation of evaluative judgments. In the empirical part of the paper, the 

causal structure of an attitude system from which people derive their evaluations of pork 

production systems is modelled. The analysis was based on data from a cross-cultural survey 

involving participants from Belgium, Denmark, Germany and Poland. The survey 

questionnaire contained measures of personal value orientations and attitudes towards 

environment and nature, industrial food production, food and the environment, technological 

progress, animal welfare, local employment and the local economy. In addition, the survey 

included a conjoint task by which participants’ evaluations of the importance of production 

system attributes were measured. The data were analysed by means of causal search 

algorithms and structural equation models. The results suggest that evaluative judgments of 

the importance of production system attributes are generated in a schematic manner, driven by 

personal value orientations. The effect of personal value orientations was strong and largely 
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unmediated by attitudes of an intermediate level of gener ality, suggesting that the dependent 

variables in the particular attitude system that was modelled here can be understood as value 

judgments in a literal sense. 

Chapter 2 (“Values, attitudes and consumer lifestyles: An integrative segmentation 

approach based on finite-mixture path analysis”) investigates how the value orientations 

and general socio-political attitudes that were investigated in the previous chapter are related 

to consumer lifestyles, that is, whether there the attitude systems associated with people’s 

roles as citizens are related to the attitude systems associated with people’s roles as 

consumers, and if so, whether this holds for consumer populations in general or only for 

distinct segments. These issues have clear marketing relevance: understanding the link 

between the values, attitudes and purchasing motives of consumer segments increases the 

chances of producers to develop targeted products that stand a realistic chance of survival in a 

crowded and competitive marketplace, now and in the future. A survey was conducted with 

consumers from Belgium, Denmark, Germany and Poland. The survey questionnaire 

contained measures of personal value orientations, a broad range of attitudinal constructs, and 

consumer lifestyles. The data were analysed by means of finite mixture path analysis, a post-

hoc segmentation method for uncovering unobserved heterogeneity not only in terms of the 

means of the segmentation variables but also in terms of their influences on each other. 

Structural equation models estimated on an aggregate sample can lead to serious biases, since 

a-priori segmentation does not take such unobserved heterogeneity into account. The results 

indicate that the modelling approach is feasible, has advantages over other methods, and leads 

to a meaningful differentiation of consumer segment. Three segments of European consumers 

based on values, attitudes and lifestyles were identified: one segment that can be characterised 

as open and innovative, one segment that can be characterised as relatively uninvolved, and 

one segment that can be characterised as conservative and value-oriented. Only in the last 
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segment, a clear connection exists between the attitudes associated with people’s roles as 

citizens and the attitudes associated with people’s roles as consumers. A marketing challenge 

posed by this segmentation solution is that the segments do not have distinct socio-

demographic profiles. Although such a result that is common in attitude-based segmentations 

it also poses a particular challenge in terms of reaching such segments. 

Chapter 3 (“Polynomial relations in latent-difference bifactor models: A psychometric 

model of assimilation and contrast”) has a methodological focus. The measurement of 

judgements which are made relative to comparison standards is a notorious problem in many 

research traditions, including social judgment theory and its application in customer 

satisfaction research, the expectancy-disconfirmation paradigm. Previous attempts to measure 

individual differences in the size and direction of expectancy disconfirmation effects are 

shown to be methodologically flawed. A stringent psychometric model is developed that 

represents expectations about sets of objects and perceptual or evaluative judgments of these 

objects by latent-difference bifactor models, separating latent individual differences in the 

size and direction of anchoring and displacement effects from latent individual differences in 

the use of the response scale. The latent anchoring effects are then related to the latent 

displacement effects in a polynomial structural equation model. In an empirical example, the 

model is applied to data from a consumer preference test in which expectations and quality 

judgments were collected from 240 consumers. Two types of pork chops (conventional, 

organic) were served in four different labelling conditions (none, conventional, organic, free-

range) in a completely crossed within-subjects design. Latent-difference bifactor models of 

individual differences in anchoring and displacement effects (due to the use of organic and 

free-range labels on the products) showed an excellent fit to the expectation data and the 

judgment data. Polynomial structural equation models of the relationship between latent 

anchoring effects and latent displacement effects revealed strongly nonlinear relationships 
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between latent anchoring effects and latent displacement effects on two of the four judgment 

dimensions.  

Chapter 4 (“Modelling attitude systems: Between theoretical bias and capitalisation 

on chance”) can be understood as a methodological reflection on the modelling approaches 

that were applied in the previous chapters. The philosophy of science traditionally associated 

with structural equation modelling is critical rationalism, with its primacy of theory. In 

practice, however, a strictly deductive approach may be too restrictive: theories are often 

causally underspecified, there may be competing theories that lead to equivalent predictions, 

and theories may simply be wrong. Two relatively recent approaches are discussed that are 

based on a more liberalised and inductive philosophy. The first of these is exploratory 

structural equation modelling. In this approach, the restrictive requirement of specifying 

highly constrained measurement models that have simple-structure properties is given up 

(either partially or completely) and replaced with measurement models that are based on 

exploratory factor analysis. The second approach is the use of causal search algorithms. In 

this approach, the pattern of conditional independence and dependence relations in a given 

multivariate data set is exhaustively searched in order to identify which of these relations can 

be causally interpreted. While exploratory structural equation modelling takes a more 

inductive stance on the specification of measurement models, causal search algorithms take a 

more inductive stance on the specification of structural models. In an empirical example, 

these two new modelling techniques were applied to data from a consumer survey that 

included measures of beliefs about conventional and free-range pork production systems and 

expectations of the quality of the meat products resulting from these systems. In addition, 

three more established modelling approaches were applied to the same data (structural 

equation modelling with simple-structure measurement models, structural equation modelling 

with bifactor measurement models, simple path analysis based on factor scores). The results 
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of the competing modelling approaches were compared in terms of plausibility, consistency 

with theory, parsimony and convergence in conclusions.  

RESUMÉ  

Kapitel 1 (“Systems of attitudes towards production in the pork industry”) beskriver 

en generel teoretisk struktur til undersøgelse af komplekse holdningssystemer, og denne 

struktur anvendes på en case vedrørende offentlige holdninger til 

landbrugsproduktionssystemer. Eksisterende forskning angående offentlige holdninger til 

landbrugsproduktionssystemer er i stor udstrækning beskrivende og ser bort fra den proces, 

gennem hvilken borgere genererer vurderinger af sådanne systemer. Denne artikel anvender et 

systemperspektiv på disse vurderinger ved at forstå dem som værende indeholdt i et 

omfattende system af holdninger, der består af holdninger til objekter på forskellige 

abstraktionsniveauer – lige fra personlige værdier via generelle socialpolitiske holdninger til 

vurderinger af specifikke karakteristika ved landbrugsproduktionssystemer. Det antages, at 

den evaluerede affect forplanter sig ned gennem systemet på en sådan måde, at systemet 

bliver evaluerende konsistent med og fungere som en skema for frembringelsen af 

bedømmelser. I den empiriske del af artiklen er en kausal struktur af holdningssystemer 

modelleret, fra hvilke folk udleder deres evalueringer af svinekødsproduktionssystemer. 

Analysen var baseret på data fra en tværkulturel spørgeskemaundersøgelse med deltagere fra 

Belgien, Danmark, Tyskland og Polen. Spørgeskemaet bestod af spørgsmål vedrørende 

personlige værdier, holdninger til miljø og natur, industriel fødevareproduktion, fødevarer og 

miljø, teknologisk udvikling, dyrevelfærd, lokal beskæftigelse og lokal økonomi. Desuden 

indeholdt undersøgelsen en conjoint analyse, i hvilken deltagernes vurderinger af vigtigheden 

af produktionssystemattributterne blev målt. Dataene blev analyseret ved hjælp af kausale 



7 

søgealgoritmer og strukturelle ligningsmodeller. Resultaterne antyder, at bedømmelser af 

vigtigheden af produktionssystemattributterne blev fremkaldt på en skematisk måde drevet af 

personlige værdier. Effekten af personlige værdier var kraftig og i det store og hele umedieret 

af holdninger, hvilket antyder, at den afhængige variabel i det pågældende holdningssystem, 

som her blev modelleret, kan forstås som værdibedømmelser i bogstavelig forstand. 

Kapitel 2 (“Values, attitudes and consumer lifestyles: An integrative segmentation 

approach based on finite-mixture path analysis”) undersøger, hvordan værdier og 

generelle social-politiske holdninger, som blev undersøgt i det foregående kapitel, relaterer 

sig til forbrugerlivsstil. Det vil sige, om holdningssystemerne, der hører sammen med folks 

rolle som borgere, er relateret til de holdningssystemer, der er knyttet sammen med folks rolle 

som forbrugere, og hvis dette er tilfældet, om det så gælder for populationer generelt eller kun 

i særskilte segmenter. Disse anliggender har klart marketingmæssig relevans: forståelsen af 

sammenhængen mellem værdier, holdninger og købsmotiver i forskellige segmenter fremmer 

producenternes chancer for at udvikle målrettede produkter, der har en realistisk 

overlevelsesmulighed på et overfyldt og konkurrencepræget marked, nu og i fremtiden. En 

undersøgelse blandt forbrugere blev foretaget i Belgien, Danmark, Tyskland og Polen. 

Spørgeskemaet indeholdt spørgsmål vedrørende personlige værdier, en lang række 

holdningsmæssige faktorer og forbrugerlivsstil. Data blev analyseret ved hjælp af en latent 

klasse stianalyse, som er en post-hoc segmenteringsmetode til at afdække uobserveret 

heterogenitet, ikke kun i forbindelse med segmenteringsvariablernes gennemsnit men også i 

forbindelse med disse variablers indbyrdes virkning på hinanden. Strukturelle 

ligningsmodeller estimeret på en aggregeret stikprøve kan føre til alvorlige bias, eftersom a 

priori segmentering ikke tager hensyn til uobserveret heterogenitet. Resultaterne indikerer, at 

denne fremgangsmetode er mulig, har fordele frem for andre metoder, og fører til 

meningsfuld differentiation af forbrugersegmenter. Der blev identificeret tre europæiske 
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forbrugersegmenter baseret på værdier, holdninger og livsstil. Første segment kan 

karakteriseres som åben og innovativ, andet segment kan beskrives som forholdsvis 

uinvolveret, og det tredje segment kan afbildes som konservativ og værdiorienteret. Kun i det 

sidste segment eksisterer der en klar forbindelse mellem holdninger, der kan knyttes til folks 

rolle som borgere, og holdninger, der kan knyttes til folks rolle som forbrugere. Udfordringen 

for marketing ligger i, at segmenterne ikke har en klar socio-demografiske profil. Selvom 

sådan et resultat er almindeligt i holdningsbaserede segmenteringer, er det en udfordring at nå 

sådanne segmenter. 

Kapitel 3 (”Polynomial relations in latent-difference bifactor models: A 

psychometric model of assimilation and contrast”) har et metodisk fokus. Måling af 

bedømmelser, som er gjort relativt i forhold til sammenligningsstandarder, er et notorisk 

problem inden for mange forskningstraditioner, herunder social bedømmelsesteori og dets 

anvendelser inden for forbrugertilfredshedsforskning, forventningsafkræftelsesparadigmet. 

Tidligere forsøg på at måle individuelle forskelle i størrelse og retning af 

forventningsafkræftelseseffekter har vist sig at være metodisk mangelfulde. En stringent 

psykometrisk model er blevet udviklet, som viser forventningerne vedrørende sæt af objekter 

og evaluerende eller psykofysiske bedømmelser af disse objekter i latente 

forskelsbifaktormodeller. De latente forankringseffekter er relateret til latente 

forskydningseffekter i en polynomisk strukturel ligningsmodel. I et empirisk eksempel er 

modellen anvendt på data fra en forbrugerpræferencetest, hvor forventninger og 

kvalitetsvurderinger er indsamlet fra 240 forbrugere. To typer af svinekoteletter (almindelige 

koteletter og økologiske koteletter) blev serveret under fire forskellige mærkninger (ingen, 

almindelig, økologisk og fritgående) i et fuldstændigt krydset within-subjects design. De 

polynomiske strukturelle ligningsmodeller afslører stærke ikke-lineære relationer mellem 
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latente forankringseffekter og latente forskydningseffekter i to af de fire 

bedømmelsesdimensioner.  

Kapitel 4 (“Modelling attitude systems: Between theoretical bias and capitalisation 

on chance”) kan betragtes som en metodisk refleksion over metodetilgangen i de foregående 

kapitler. Videnskabsteori, der traditionelt er knyttet til strukturelle ligningsmodeller, er kritisk 

rationalisme med dets ”teoriforrang”. I praksis kan en streng deduktiv tilgang være for 

restriktiv: teorier er ofte kausalt underspecificeret, der kan være konkurrerende teorier som 

fører til ækvivalente forudsigelser, og teorier kan simpel hen være forkerte. To forholdsvis 

nye fremgangsmåder, som er baseret på en mere liberaliseret og induktiv filosofi, diskuteres. 

Den første af disse er en eksplorativ strukturel ligningsmodel. I forbindelse med denne 

metode opgives (enten helt eller delvist) det restriktive krav om at specificere indskrænkede 

målemodeller, som har simpel-struktur egenskaber til fordel for målemodeller, der er baseret 

på eksplorativ faktoranalyse. Den anden metode er anvendelse af kausale søgealgoritmer. I 

forbindelse med denne fremgangsmetode er mønsteret af betingede uafhængigheds- og 

afhængighedsrelationer i et givet multivariat datasæt grundigt gennemsøgt for at identificere, 

hvilke relationer der kan fortolkes kausalt. Mens eksplorative strukturelle ligningsmodeller er 

mere induktive i specifikationen af målemodellerne, er kausale søgealgoritmer mere induktive 

i specifikationen af de strukturelle modeller. I et empirisk eksempel blev disse to nye metoder 

anvendt på data fra en forbrugerundersøgelse, som bestod af holdningsspørgsmål vedrørende 

konventionel og ”fritgående” svinekødsproduktionssystemer, og spørgsmål vedrørende 

forventninger til kvaliteten af kødprodukterne fra disse systemer. Derudover blev tre andre 

metoder anvendt på de samme data (en strukturel ligningsmodel med simple strukturer i 

målemodellerne, en strukturel ligningsmodel med bifactor målemodeller og en simpel 

stianalyse med faktorscores). Resultaterne af de konkurrerende modeller blev sammenlignet 
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med hensyn til plausibilitet, overensstemmelse med teori, ”parsimoni” og konvergens i 

konklusionerne.  
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ABSTRACT 

Existing research on public attitudes towards agricultural production systems is largely 

descriptive, abstracting from the processes through which members of the general public 

generate their evaluations of such systems.  The present paper adopts a systems perspective on 

such evaluations, understanding them as embedded into a wider attitude system that consists 

of attitudes towards objects of different abstraction levels, ranging from personal value 

orientations over general socio-political attitudes to evaluations of specific characteristics of 

agricultural production systems. It is assumed that evaluative affect propagates through the 

system in such a way that the system becomes evaluatively consistent and operates as a 

schema for the generation of evaluative judgments. In the empirical part of the paper, the 

causal structure of an attitude system from which people derive their evaluations of pork 

production systems was modelled. The analysis was based on data from a cross-cultural 

survey involving 1931 participants from Belgium, Denmark, Germany and Poland. The 

survey questionnaire contained measures of personal value orientations and attitudes towards 

environment and nature, industrial food production, food and the environment, technological 

progress, animal welfare, local employment and the local economy. In addition, the survey 

included a conjoint task by which participants’ evaluations of the importance of production 

system attributes were measured. The data were analysed by means of causal search 

algorithms and structural equation models. The results suggest that evaluative judgments of 

the importance of production system attributes are generated in a schematic manner, driven by 

personal value orientations. The effect of personal value orientations was strong and largely 

unmediated by attitudes of an intermediate level of generality, suggesting that the dependent 

variables in the particular attitude system that was modelled here can be understood as value 

judgments in a literal sense.  
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INTRODUCTION 

The management of “soft” quality parameters has become a major issue in agribusiness 

management and policy. Research on attitudes held by the general public has concentrated on 

relatively few issues, including organic and low-input farming, animal welfare, new 

technologies, and sustainable and multifunctional agriculture in general (for an overview, see 

Grunert, 2005).  A considerable number of previous studies has focused on the specific case 

of meat production systems (e.g., von Alvensleben, 2001; Bredahl & Poulsen, 2002; Bredahl 

& Scholderer, 2004; Bryhni, Byrne, Rødbotten et al., 2002; Kendall, Lobao & Sharp, 2006; 

Krystallis, Chryssochoidis & Scholderer, 2007; Krystallis, de Barcellos, Kügler et al., 2009; 

Ngapo, Dransfield, Martin et al., 2003; Oude Ophuis, 1994; Petit & Van der Werf, 2003; 

Scholderer, Bredahl & Magnusson, 2004; Scholderer, Nielsen, Bredahl et al., 2004; 

Vanhonacker, Verbeke, Van Poucke et al., 2008, 2009; Verbeke, Pérez-Cueto, de Barcellos et 

al., 2010). The common tendency of the results of these studies is that citizens of developed 

countries have highly favourable attitudes to production systems that mimic a pre-industrial 

stage of development. These attitudes appear to be relatively undifferentiated and subject to a 

halo effect, i.e. organic and other low-input systems tend to be perceived as environmentally 

sustainable and as resulting in products of high eating quality, whereas more industrialised 

systems involving new technologies tend to be perceived as environmentally unsustainable 

and as resulting in products of low eating quality. 

The case of pork production 

Only a limited number of the above studies have investigated these issues in the specific 

context of pork production. Two approaches can be distinguished here. On the one hand, there 

are qualitative studies and attitude surveys in which participants were directly asked to 
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evaluate the respective production systems. On the other hand, there are analyses of consumer 

preferences in which the production system was one attribute among others that characterised 

the products resulting from these systems. A typical example of the first approach is a study 

by Ngapo, Dransfield, Martin et al. (2004; for additional details from the same study, see 

Bredahl & Poulsen, 2002). The authors report the results of focus groups conducted in 

Denmark, France, Sweden and the UK. Many of their participants voiced negative attitudes 

towards the intensive production systems that dominate contemporary pork production. 

However, quite often the same participants freely admitted that their attitudes towards 

production systems had only little or no impact on their behaviour as consumers: although 

they regarded sustainable pork production systems as desirable from a political point of view, 

the tended not to buy the resulting products because they perceived them to be too expensive 

or too difficult to obtain.  

An early example of the second approach is a study by Oude Ophuis (1994). The author 

reports an experiment in which he investigated the effects of non-sensory factors on consumer 

preferences for pork from pigs that had been raised in free-range systems. Two between-

subjects factors, prior experience with free-range pork and labelling as free-range, and one 

within-subject factor, actual meat type, were experimentally varied. Prior experience had 

significant effects on the evaluation of the attributes savoury, dry and pleasant. Although the 

author did not find a significant main effect of the labelling factor, a number of interactions 

were significant. Among consumers who had prior experience with free-range pork, labelling 

appeared to further amplify positive evaluations of free-range pork on several attributes, 

suggesting the presence of expectancy-driven assimilation effects as described by social 

judgment theory (Sherif & Hovland, 1961).  

The research presented in the following aims to extend the first of the two approaches 

that were outlined above. A question as yet unresolved by previous research is how citizens of 
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highly industrialised, western societies generate evaluations of agricultural production 

systems. After all, western societies are urbanised to such a degree that only few citizens ever 

encounter the conditions in livestock farming or in primary processing, let alone encounter 

them in enough detail to be able to really distinguish the characteristics of different 

production systems from each other. Hence, direct experience of the realities of agricultural 

production systems can be excluded as a basis of public attitudes towards them, at least for the 

majority of typical citizens of western societies.    

A systems perspective on attitudes 

We propose that, in the absence of direct experience with the characteristics of 

agricultural production systems, citizens of Western societies derive their attitudes towards 

them from other attitudes. We understand these attitudes as embedded into a wider attitude 

system that consists of attitudes towards objects of different abstraction levels. On the highest 

level of abstraction, these attitudes may be personal value orientations in the sense of 

Schwartz (1992), that is, attitudes towards desirable goal states that serve as guiding 

principles in an individual’s life (e.g., benevolence, hedonism universalism, power). On an 

intermediary level of abstraction, these attitudes may be socio-political attitudes towards the 

major issues that have characterised the public discourse about agricultural and other 

production systems in the individual’s lifetime (e.g., attitudes towards animal welfare, 

technological progress, the local economy, industrialised food production). On the lowest 

level of abstraction, these attitudes may be evaluations of the importance of particular 

characteristics of agricultural production systems (e.g., environmental impact of an 

agricultural system, housing of animals on livestock farms).   

We propose that these attitudes form an evaluative network, that is, a directed 

interconnected system of attitudes. We assume that evaluative affect propagates through the 
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system in such a way that the system becomes evaluatively consistent and can operate as a 

schema or template, allowing an individual to generate evaluative judgments of the specific 

characteristics of particular agricultural production systems even though the individual may 

never have been confronted with such a task before. If such an interconnected system exists, 

the only trigger required for its activation is that the object to be judged—for example, a 

particular agricultural production system that the individual is asked to evaluate during an 

attitude survey—is a degree of feature overlap with an already embedded attitude object that 

is sufficiently high for the new object to be categorised as an exemplar of the object domain 

covered by the system (for details of the relevant categorisation mechanisms, see Fiske & 

Neuberg, 1990). 

The process aspect of the attitude systems proposed here—that is, the mechanisms that 

describe, explain and predict their operation—is well researched and therefore unproblematic. 

Detailed models exist in classical and contemporary attitude theory of the psychological 

processes through which attitudes towards several objects may influence each other. Classical 

attitude theories tend to adopt a “molar” perspective on these processes, most prominently 

balance theory (Heider, 1946), congruity theory (Osgood & Tannenbaum, 1955) and 

dissonance theory (Festinger, 1957), all belonging to the theoretical family of consistencies 

theories. Although they differ in their terminology and the particular processes they 

emphasise, a common motivational assumption in these theories is that people strive for 

consistency in the reasoning processes and evaluative judgments they engage in at a given 

point in time. Hence, all consistency theories predict that the evaluations of attitude objects 

whose cognitive representations are simultaneously activated will be correlated and that 

changes in the evaluation of one such attitude object may propagate through the system and 

lead to corresponding changes in the evaluations of other activated attitude objects, mediated 

by a set dissonance reduction mechanisms.   
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Contemporary attitude theories tend to adopt a more “molecular” perspective on these 

processes, elaborating on the exact mechanisms that might underlie consistency and 

propagation phenomena (e.g., Conrey & Smith, 2007; Gawronski & Bodenhausen, 2006; for 

an overview, see Scholderer, 2010). Most of these theories are based on a connectionist 

conception of the human mind, assuming that attitude objects and their evaluations are 

represented as patterns of activation in a distributed memory system. Simultaneous activation 

of several attitude objects will confound their evaluations and, if repeated, lead to a learned 

association between the attitude objects and a convergence in the valence and intensity of 

their evaluations—a phenomenon that has been described as the “spreading attitude effect” in 

the social cognition literature (Walther, Nagengast & Trasselli, 2005). When sufficient 

working memory capacity is available, these largely automatic effects can be overridden by 

supervisory control processes such the dissonance reduction mechanisms that are so central to 

consistency theories of attitude.   

The structure aspect of the attitude systems proposed here is more problematic. Even 

though the existence of such systems is occasionally assumed in the general social 

psychological literature (e.g., Eagly & Chaiken, 1995; McGuire, 1989, 1990; McGuire & 

McGuire, 1991) this literature tends to focus entirely on the process aspects; the precise nature 

of the attitude objects embedded in such systems is usually considered too domain-specific to 

be a topic of psychological enquiry. In the consumer psychology literature, attitude systems 

have been researched in a way that is more compatible with our propositions. One stream of 

relevant research focuses on hierarchical systems of consumer motivation (e.g., Brunsø, 

Scholderer and Grunert, 2004; Homer & Kahle, 1987; Scholderer, Brunsø & Grunert, 2002; 

Steenkamp & de Jong, 2010), assuming that personal value orientations in the sense of 

Schwartz (1992) form the uppermost layer of a hierarchical motivational system. These 

personal value orientations shape configurations of consumer attitudes in major life domains, 
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which in turn provide templates for the evaluation of product attributes as valuable to the 

individual consumer, motivating observable choices between substitutable product categories 

and products. A second stream of relevant research focuses on consumer evaluations of 

unfamiliar technologies (e.g., Bredahl, 2001; Grunert, Bredahl & Scholderer, 2003; 

Scholderer, 2005; Søndergaard, Grunert & Scholderer, 2005), assuming that there is a 

propagation of evaluative affect from relatively abstract socio-political attitudes to concrete 

evaluative judgments of the technologies and their benefits and risks. Similar to what is 

proposed here, the system of general-socio-political attitudes is assumed to operate as an 

evaluative schema or template that enables the individual to generate evaluative judgments of 

the specific characteristics of an unfamiliar technology.  

However, there are two problems inherent in both research streams—hierarchical models 

of consumer motivation and consumer evaluation of new technologies—that only become 

apparent upon closer examination of the empirical work presented in the respective 

publications. The first problem is one of potential theoretical bias. In virtually all publications 

cited above, it was assumed a priori that evaluations of more abstract attitude objects would 

causally precede evaluations of more concrete attitude objects. The most abstract layer of 

attitudes was regarded as exogenous in the structural equation models that were estimated, 

attitudes of intermediate abstractness were regarded as mediators, and evaluations of concrete 

characteristics or preferences for products were regarded as dependent. Only few publications 

(Brunsø et al., 2004; Scholderer et al., 2002) compared the a-priori assumed causal structures 

to alternative structures. The second problem is that virtually all structural equation models 

reported in the above-cited publications were causally underspecified, containing numerous 

undirected relationships between exogenous variables and between disturbances. Such 

underspecification makes the reported models causally ambiguous and could even be 
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interpreted as an indication that they might be incomplete, suffering from omitted-variable 

bias.  

An inductive approach to causality 

Theoretical bias and causal ambiguity are general methodological problems in the 

analysis of causal relations. In structural equation modelling, the causal structure of the 

relationships has to be specified prior to the estimation of a model. Each variable has to be 

exactly defined as a cause, a mediator, or an effect. This task may be quite extensive as the 

variable system becomes more complex, or the theories are not sufficiently developed or 

elaborated, or the theories are simply wrong. A hypothesised causal model has to be tested 

against a set of competing models that includes the true model in order to completely 

eliminate the risk of misspecification.  

A more inductive approach to causal modelling has emerged from graph theory and its 

application in machine learning (Pearl, 2000; Spirtes, Glymour & Scheines, 2000). In this 

approach, the pattern of conditional independence and dependence relations in a given data 

set is exhaustively searched in order to identify which relations can be causally interpreted. 

The central concept in this approach is the criterion of d-separation (Pearl, 1988). Let three 

sets of variables X, Y, Z be represented as disjoint sets of nodes in a directed acyclic graph G. 

In order to test if X and Y are conditionally independent given Z in an arbitrarily 

parameterised Markov model X – Z – Y, it has to be tested if the nodes in Z separate all paths 

connecting the nodes in X with the nodes in Y. If i is an element of X and j is an element of Y, 

then a path p is d-separated by Z if and only if (a) p contains a causal chain  i → m → j  or a 

common-cause relationship  i ← m → j and m is an element of Z, or (b) p contains a common-

effect relationship i → m ← j and neither m nor any of its effects are elements of Z. 

Translated to probability distributions, this means that the “outer” variables in causal chains i 
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→ m → j and common-cause relationships i ← m → j are unconditionally dependent but 

become conditionally independent given the mediator m or common cause m, respectively. In 

common-effect relationships i → m ← j, the “outer” variables are unconditionally 

independent but become conditionally dependent given their common effect m.  

In the case of linear systems, conditional independence relations simplify to vanishing 

partial correlations, and conditional dependence relations simplify to spurious correlations as 

analysed by Simon (1954) and Blalock (1962) in their seminal work. Spirtes, Glymour and 

Scheines (2000) have implemented the d-separation criterion in a causal search algorithm—

the PC algorithm—that is available in the software package TETRAD (Scheines, Spirtes, 

Glymour et al., 1998). Applied to a multivariate data set, the algorithm identifies the 

equivalence class of all linear structural equation models that may have generated the 

covariance structure observed in the data. Intuitively, the algorithm can be understood as 

performing an exhaustive, multivariate equivalent to the task that “ordinary” statistical 

mediation tests (see Shrout & Bolger, 2002) perform in three-variable systems.  

Aims of the study  

The aim of the research presented here is to assess the structure of the wider attitude 

system from which attitudes towards pork production systems originate. The will be based on 

a survey involving 1931 participants from Belgium, Denmark Germany and Poland. The 

questionnaire contained measures of personal value orientations, attitude towards the natural 

environment, attitude towards technological progress, attitude towards industrial food 

production, attitude towards food and the environment, attitude towards animal welfare, 

attitude towards local employment, and attitude towards the local economy. The selection of 

these attitude dimensions was based on previous research (see above) in which they had been 

shown to correlate with evaluative judgments of agricultural production systems. In addition, 
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the survey included a conjoint task by which evaluations of the importance of attributes were 

measured that characterised fifteen different pork production systems1. The data will be 

analysed by means of causal search algorithms and structural equation modelling. In a first 

step, the total sample will be divided at random into a learning sample and a test sample. In 

the learning sample, the PC algorithm (see above) will be utilised to identify the causal 

structure of the variable system. In a second step, a structural equation model based on the 

identified causal structure will be estimated. In a third step, the estimated model parameters 

will be validated in an independent test sample.  

METHOD 

Participants  

A cross-sectional survey was conducted in four European countries: Belgium, Denmark, 

Germany, and Poland2. Consumers between the ages of 20 and 70 were defined as the target 

population. Sampling quotas were imposed on gender, age group, and region of residence 

(men and women, the age group between 20 and 44 years and the age group between 45 and 

70 years, and urban areas, rural areas with low pig production density, and rural areas with 

high pig production density were evenly distributed). A total of 1,931 randomly selected 

participants from the TNS European Online Access Panel completed a self-administered 

online survey. The total sample was approximately equally distributed over the four countries: 

492 participants from Belgium (328 living in the northern, Flemish-Dutch speaking part of 

Belgium and 164 in the southern, French-speaking part), 479 from Denmark, and 480 from 

                                                 
1 Descriptive results from this survey were already reported in two earlier publications (Krystallis et al., 

2009; Verbeke et al., 2010). 
2 Originally, Greece was part of this study as well but is excluded here as a consequence of poor data 

quality in terms of different data collection methods, and quotas not meeting the predetermined requirements.  
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Germany and Poland, respectively. In line with the predetermined quotas, one third of the 

respondents lived in urban areas, one third in rural areas with a high density of pig production, 

and one third in rural areas with a low density of pig production. Demographic characteristics 

are reported in Table 1. 

Questionnaire measures 

The master questionnaire for the study was developed in English and was then translated 

into the languages of the countries where the survey was conducted (French, Flemish, Danish, 

German and Polish). All items were cross-checked using the back-translation procedure 

(Brislin, 1970). In addition, the questionnaire was pre-tested in personal interviews with 15-

20 participants per country.  

Personal values. Personal values were measured by the 21-item version of the Portrait 

Values Questionnaire (PVQ; Schwartz, Melech, Lehmann, et al., 2001). The questionnaire 

measures ten human values: power, achievement, benevolence, conformity, hedonism, self-

direction, security, stimulation, tradition, and universalism (two to three items per value; see 

Tables 2 and 3). All items were answered on six-point scales ranging from 1 (“not like me at 

all”) to 6 (“very much like me”).  

Attitudes. General socio-political attitudes were measured in terms of seven dimensions 

(see Tables 4 and 5). Attitude towards the natural environment was measured by two items 

from Dunlap, van Liere, Mertig et al. (2000), attitude towards industrial food production by 

two items from Beckmann et al. (2001), attitude towards technological progress by two items 

from Hamstra (1991), attitude towards animal welfare by two items from Lindeman and 

Väänänen (2000) and Kendall et al. (2006), attitude towards food and environment by two 

items from Lindeman and Väänänen (2000), and attitude towards local employment and 

attitude towards the local economy by two items, respectively, from Shimp and Sharma 
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(1987). All attitude items were answered on seven-point interval scales ranging from 1 

(“completely disagree”) to 7 (“completely agree”).  

Measurement invariance analysis. The cross-cultural comparability of the questionnaire 

measures was assessed by means of the measurement invariance analysis procedures 

recommended by Scholderer (2010) and Steenkamp and Baumgartner (1998). The procedures 

are based on multi-group confirmatory factor analysis with structured means (Sörbom, 1974). 

In this model, the observed responses to J  questionnaire items are represented as a linear 

function of K J latent factors, J  intercepts, and J  random errors:  

 g g g g g  x xx    
 (1) 

where gx  is the J 1x  vector of the observed responses in country g , xg  is a J 1x  vector of 

intercepts, gx  a J Kx  matrix of factor loadings, g  a K 1x  vector of latent factors, and g  a 

J 1x  vector of measurement errors. Assuming  gE 0  and  g gCov , 0  , the covariance 

matrix of the observed responses is  

 g g g g g x x     
 (2)  

where
 g  is the K Kx  covariance matrix of the latent factors and g  is the J Jx  covariance 

matrix of measurement errors. Moreover, letting g  denote the K 1x  vector of factor means, 

the K 1x  vector of observed means is  

 xg xg xg g    
 (3)  

A series of six increasingly constrained models was fitted to the data, separately for the 

value measures and the attitude measures: (a) a configural invariance model, assuming the 
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pattern of zero and non-zero elements in gx to be the same across countries, (b) a metric 

invariance model, assuming all elements of gx to be equal across countries, (c) a scalar 

invariance model, assuming gx and xg to be equal across countries, (d) a factor covariance 

invariance model, assuming gx , xg and the off-diagonal elements of g to be equal across 

countries, (e) a factor variance invariance model, assuming gx , xg and all elements of g to 

be equal across countries, (f) an error variance invariance model, assuming gx , xg , g and 

g to be equal across countries, and (g) an identity model, assuming  gx , xg , g , g and 

g to be equal across countries.  

All models were estimated by means of robust maximum likelihood (Satorra & Bentler, 

1988; Hu et al., 1992) using LISREL 8.72 (Jöreskog & Sörbom, 1996a, 1996b; Jöreskog, 

Sörbom, du Toit & du Toit, 1999). Goodness-of-fit and model comparison statistics are 

shown in Table 6, with models ordered from most constrained to least constrained in such a 

way that the identity model serves as the baseline model for the comparison sequence. Taking 

the root mean squared error of approximation3 (RMSEA) as the model evaluation criterion, 

the results indicate that the attitude measures were fully invariant across the countries in 

which the survey had been conducted and that the value measures only differed in terms of 

their factor means.  

Conjoint task 

Evaluations of pig production systems were measured by means of conjoint analysis. The 

choice of attributes was based on pilot interviews with pig production specialists from various 

                                                 
3 The RMSEA is a relative non-centrality measure, estimating how well the fitted model approximates the 

population covariance matrix per degree of freedom. Brown & Cudeck (1993) suggest that an RMSEA < .05 can 

be interpreted as an indication of close fit and an RMSEA < .08 as an indication of acceptable fit. 
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Europe Union member states (all affiliated to the EU-funded project QPORKCHAINS) and a 

review of the relevant technical literature4. Each attribute had three levels. The attributes 

were: 

 Farm size (see Darby, Batte, Ernst & Roe, 2008; Vanhonacker et al., 2008, 2009),  

 Housing of pigs and floor type (see Millet, Moons, van Oeckel & Janssens, 2005; 

Vanhonacker, Verbeke, van Poucke & Tuytens, 2008),  

 Efforts to reduce environmental impact (see Petit and Van der Werf, 2003),  

 Pig feed and resulting fat profile (see Olsson & Pickova, 2005),  

 Quality variation (see Millet et al., 2005).  

Design and procedure. The number of stimuli in a full-factorial 35 design generated from 

these attributes would have been 243, clearly too much for a single participant to evaluate. 

Therefore, an orthogonal fractional factorial design with only 15 stimuli was constructed that 

allowed the estimation of all main effects but assumed all interactions to be zero. The 

procedure in the conjoint experiment was the following. All participants were asked to read 

descriptions of the 15 different production systems. Each system was described in terms of 

the five attributes defining the particular system (see Table 7). Each participant was then 

asked to indicate how much he or she liked the described system, using a bipolar eleven-point 

response scale. The response instruction was: “On a scale of minus five (−5) to plus five (+5) 

where minus five is ‘dislike very much’, zero is ‘neither dislike nor like’, and plus five is ‘like 

very much’, how much do you like this way of producing pigs?”  

Estimation of part-worths. In an initial step of the analysis, conjoint part-worths were 

estimated in the usual manner by ordinary least squares regression. The model assumed main 

effects of farm size (size), housing of pigs and floor type (floor), efforts to reduce 

                                                 
4 See Krystallis et al. (2009) for a more extensive discussion of these attributes. 
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environmental impact (impact), pig feed and its impact on the fat profile of the resulting pork 

(feed), and variation in product quality (quality) so that the preference of the respondent for a 

particular production system is modelled as a linear combination of the part-worths associated 

with level i of the attribute size, level j of floor, level k of impact, level l of feed and level m of 

quality:  

  Utilityijklm = constant + sizei + floorj + impactk + feedl + qualitym, (4) 

Table 8 shows aggregate estimates of the part-worths for the pooled sample as well as for 

each country. The results indicate that, in all countries, farms with large holdings were 

evaluated more negatively than farms with medium-sized and small holdings. Likewise, 

housing pigs on slatted floors was evaluated more negatively than housing on litter, whereas 

outdoor access for pigs was generally evaluated positively. As expected, production systems 

were evaluated more positively when efforts to reduce environmental impact were higher. 

Regarding the feed and its impact on fat content and composition, Polish and German 

participants were more interested in the amount of fat and not the quality, whereas Belgian 

and Danish participants preferred a healthier fat composition to a low fat content. Finally, 

Belgian participants preferred production systems that delivered constant product quality, 

whereas participants in Denmark, Germany and Poland accepted variations in quality if they 

were due to biological variations and changing local conditions. Notably, all consumers found 

systems least acceptable that produced customised quality depending on the demands of their 

industrial customers.  

Calculation of individual attribute importance measures. The percentages in the right-

most column of Table 8 represent the relative importance of the production system attributes, 

calculated at the group level. In addition to these aggregate statistics, we calculated measures 

of the importance of the five production system attributes on the individual level. For each 



27 

participant i and attribute j, we calculated the mean absolute deviation MADij of the part-

worths that had been estimated for the three levels of the respective attribute for the respective 

participant. The mean absolute deviations MADij were then square-root transformed to better 

approximate a normal distribution. The resulting individual-level attribute importance 

measures are the variables from the conjoint task that were used in all subsequent modelling 

steps.  

Statistical model 

A multi-sample structural equation model with mean structures will estimated in the main 

step of the analysis. In the Jöreskog-Keesling-Wiley parameterisation, the model consists of 

five simultaneous equations. The first two specify the measurement models of the exogenous 

and endogenous variables:  

   x xx      (5) 

 y yy=τ +Λ η+ε  (6) 

The first equation specifies a factor-analytic measurement model for the exogenous variables, 

where x  is a J 1x  vector of observed responses, x  a J 1x  vector of intercepts, x  a J Kx  

matrix of factor loadings,   a K 1x  vector of latent factors, and   a J 1x  vector of latent 

measurement errors, with E(δ) = 0 and Cov(ξ,δ) = 0. The second equation specifies another 

factor-analytic measurement model for the endogenous variables, where y  is a S 1x  vector of 

observed responses, yτ  is a S 1x  vector of intercepts, y  is a S Tx matrix of factor loadings, 

  is a T 1x  vector of  latent factors, and   is a S 1x  vector of latent measurement errors, again 
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with E(ε) = 0 and Cov(η,ε) = 0. The S Sx  covariance matrix of   is given by  . The third 

equation which specifies the structural model:  

     B      , (7) 

where   is a T 1x  vector of intercepts, B  a T Tx  matrix of coefficients from the regression 

among the endogenous latent factors,  Γ a T Kx  matrix of coefficients from the regression of 

the endogenous on the exogenous latent factors, and   is a T 1x  vector of latent disturbances. 

The T Tx  covariance matrix of   is given by . Now let  E    so that   denotes the K 1x  

vector of latent exogenous factor means. The J 1x  vector of the means of the observed 

exogenous variables is then modelled as: 

   x x x     (8) 

The S 1x  vector of the means of the observed exogenous variables is obtained by first 

calculating the expectation of the reduced form of η: 

  
         1 1

E E
         I B I B     

 (9)  

Inserting this expression into the expectation  E  yy   leads to:  

       1
E

     y y y y y I B         (10)
 

 

RESULTS  

Prior to the analysis, the pooled data were divided into two samples: a learning sample 

(consisting of 966 randomly selected observations) and a test sample (consisting of the 
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remaining 965 observations). The data were analysed in three steps. The search for the causal 

structure of the attitude system (Step 1) and estimation of a parameterised structural equation 

model (Step 2) were conducted in the learning sample. The estimated parameters were then 

independently validated in the test sample (Step 3).  

Search for causal structure  

The search for the causal structure of the attitude system was conducted by means of the 

PC algorithm implemented in the software package TETRAD IV (Scheines et al., 1998; 

Spirtes et al., 2000). The input for the PC algorithm was the covariance matrix Φ of the latent 

factors from a confirmatory factor analysis model including all personal values, all attitudes, 

and all individual-level attribute importance measures that had been derived from the conjoint 

task (see above). After excluding five variables of that had caused collinearity problems5 the 

PC algorithm converged without problems, yielding a directed acyclic graph representing the 

equivalence class of all structural equation models that could have generated the covariance 

matrix. The graph indicated that the system was structured into four “causal layers”: 

 The first layer, interpretable as the set of causal antecedents in the attitude system, 

contained five personal values: power, universalism, stimulation, tradition, and hedonism.  

 The second layer, interpretable as a set of partial mediators in the attitude system, 

included three general socio-political attitudes with a high degree of abstraction: attitude 

towards the natural environment, attitude towards technological progress and attitude 

towards animal welfare.  

                                                 
5 Five personal value dimensions had to be dropped from the model because of collinearity with the values 

that were in the model. Considering the circumplex structure (Schwartz & Boehnke, 2004) of the Portrait Values 

Questionnaire which had been used in the present study, this is not surprising. In a perfect circumplex, pairs of 

variables will become collinear when their angles on the circular representation of the circumplex approach 180º.  
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 The third layer, also interpretable as a set of partial mediators in the attitude system, 

included three attitudes that can be understood as concretisations of the more abstract 

attitudes into the domain of agricultural and food production systems: attitude towards 

industrial food production, attitude towards landscape preservation, attitude towards food 

and the environment and attitude towards the local economy.  

 The final layer, interpretable as the dependent variables of the attitude system, included 

four of the individual-level attribute importance measures that had been derived from the 

conjoint task: importance of farm size, importance of housing and floor type, importance 

of efforts to reduce environmental impact, and importance of quality variation in the 

resulting product.  

The fifth importance measure, pig feed and its impact on the fat profile of the resulting 

pork, was unrelated to the rest of the attitude system. The same was found for one of the 

attitude dimensions, attitude towards the local economy.  

Estimates of structural relationships  

In the next step of the analysis, the directed acyclic graph that had resulted from the 

causal search was parameterised as a linear structural equation model. All edges contained in 

the graph were specified as free parameters in the structural model: directed edges in the Β 

and Γ matrices, undirected edges as off-diagonal elements in the Ψ and Φ matrices. All other 

elements of Β and Γ and all other off-diagonal elements of Ψ and Φ were fixed to zero. The 

model was estimated using the robust maximum likelihood estimator in LISREL 8.72 

(Jöreskog & Sörbom, 1996a, 1996b; Jöreskog et al., 1999 Santorra & Bentler, 1994). The 
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resulting goodness-of-fit measures were well within conventional acceptance limits6 and can 

be regarded as highly satisfactory: RMSEA = 0.04, CFI = 0.97, GFI = 0.96. Tables 9 and 10 

show the estimated direct effects and total effects. A graph representation of the model is 

displayed in Figure 1. 

Although the attitude system had a layered structure (see above), the causal antecedent 

variables in the first layer of the system—participants’ personal value orientations, measured 

by the Portrait Values Questionnaire—exerted most of their influence on the dependent 

variables in the last layer of the system—the importance of production system attributes—

directly. A comparison of the estimated direct effects with the estimated total effects (Table 9) 

of the personal value dimensions indicates that indirect effects were weak or absent. In other 

words, there was no substantial mediation by the attitude dimensions in the intermediate 

layers.  The attitude dimensions in the intermediate layers themselves, on the other hand, were 

strongly affected by the personal value dimensions too.  

Model fit in the test sample  

In the final step of the analysis, the estimated parameters of the structural equation model 

were validated in an independent test sample. The test sample consisted of 965 observations 

(i.e. those observations from the pooled data set that had not been included in the learning 

sample). The estimates of the twelve parameter matrices that had been obtained in the 

learning sample ( ,  ,  ,  ,  x y      ,  ,  ,  ,  ,  ,x y      , ) were imposed as fixed 

parameters on the model that was fitted in the test sample. The resulting χ² was 987.75 (df = 

                                                 
6 Conventions on the acceptance limits for the goodness-of fit-measures reported here can be found in 

Brown and Cudeck (1993), Bentler (1990) and Jöreskog and Sörbom (1996). The Satorra-Bentler scaled χ² for 

the model was 552.49 (df = 229, p < .001). Although significant, this test result will be discounted here because 

the test is notoriously dependent on sample size and gains excessive statistical power in large samples. 
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405, p < .0017). The standardised root mean square residual (RMR) was .05, indicating that 

the model parameters that had been estimated in the learning sample also led to an excellent 

reproduction of the observed covariance matrix in the independent test sample. Hence, the 

estimates can be regarded as valid and stable.   

DISCUSSION AND CONCLUSION 

The last two decades have often been characterised as an era that was marked by the “rise 

of the citizen-consumer”. The processes involved in the production of private goods have 

become an increasingly politicised issue. Examples include the use of new biotechnologies in 

the production of foods and pharmaceuticals, animal welfare in agriculture, and the interest in 

sustainability and the socially responsible conduct of consumer goods companies. The results 

presented in this paper should be understood in this context. We found that the attitude 

systems of European citizens were highly structured, providing schemata or “evaluative 

templates” from which evaluative judgments of particular pork production systems can be 

generated even in the absence of any experience with such systems.  

The structure of the attitude system 

In line with previous research, we found that these evaluations were highly heuristic, 

driven by personal value orientations. The most striking result of the present study was how 

strong and direct the influence of personal value orientations was, largely unmediated by the 

considerable number of attitude dimensions of an intermediate level of generality that had 

been included in the model. It appears that the dependent variables in the particular attitude 

system that was modelled in the present paper—evaluations of the importance of production 

                                                 
7 Like before, this test result should be discounted because the test has excessive statistical power when the 

sample size is large. 
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system characteristics in the pork industry—can be understood as value judgments in a quite 

literal sense. A closer look at the nature of these attributes and the particular value dimensions 

on which their evaluation depends makes this clearer.  

The attributes whose importance depended most on personal value orientations were farm 

size, housing of pigs and floor type, and efforts to reduce the environmental impact of the 

production system. These attributes can be understood as a subset of the characteristics that 

define the sustainability of a pork production system (see Krystallis et al., 2009). The 

importance which participants assigned to these attributes was most strongly determined by 

one particular value dimension, universalism. This reflects findings in the literature on pro-

environmental behaviour (e.g., Schultz, Gouveia, Cameron et al., 2005) where self-

transcendence dimensions such as universalism are often found to have positive relationships 

to environmental concern and sometimes even to pro-environmental behaviour. 

Policy and market implications 

Attitude systems such as the one investigated here can have a decisive impact on the way 

agricultural and food policies, environmental policies, and consumer policies are understood 

and debated by citizens. This is not to say that European citizens will necessarily also behave 

in a way that is consistent with these attitudes when they act in their role as consumers. In 

other instances where production processes became the object of value-oriented policies, it 

was observed that the attitudes citizens reported towards such policies were not systematically 

reflected in the product choices they made as consumers. Most policy instruments that had 

been designed based on the assumption of consistency between citizen attitudes and consumer 

behaviour (e.g., traceability systems, minimum space requirements in animal production, eco-

labelling and fair-trade schemes) failed in their function to promote the sales of “responsibly” 

produced goods (e.g., Diekmann & Preisendörfer, 1998; Osterhus, 1997).  
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Classical theoretical explanations for this range from complex ones such as social 

dilemmas (attributing the failure of a policy instrument to its incentive structure; e.g., Biel & 

Thøgersen, 2007) down to mere context effects in the assessment of citizen attitudes, 

including social desirability biases and non-attitudes (thus attributing the failure of a policy 

instrument to a methodological artefact in the research that informed the design of the 

instrument). More recent explanations of the citizen-consumer divide (e.g., Scholderer & 

Frewer, 2003) favour cognitive explanations, assuming that observed inconsistencies are due 

to a low degree of accessibility of citizen attitudes in the typical situations in which consumer 

choices are made. For example, Vermeir and Verbeke (2006) demonstrated that low perceived 

availability explained why intentions to purchase sustainable dairy products were low despite 

positive personal attitudes. In contrast, experiencing social pressure from peers explained 

intentions to buy despite a rather negative personal attitude. 

A further possibility—one for which no consistent theoretical framework exists as yet—is 

the existence of distinct attitude systems characterising the “citizen” and the “consumer” in 

the same individual. Related to these distinct systems may be two distinct routes to behaviour 

that are operating independently of each other. If this were the case, no carry-over effects 

would normally be expected from citizen attitudes to consumer behaviours, and no carry-over 

would normally be expected from consumer attitudes to citizen behaviours. A follow-up 

investigation is currently in preparation in which such dual systems will be investigated. 
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Table 1. Demographic characteristics of participants 

  Belgium Denmark Poland Germany 
  (%) (%) (%) (%) 

Gender Male 53.86 46.56 51.04 49.79 
 Female 46.14 53.44 48.96 50.21 

Marital Married 54.47 48.43 58.13 53.33 

status 
Not married. but living 
together 

17.48 17.12   8.33 15.42 

 Not married. living alone 14.02 20.04 22.29 17.92 
 Divorced 11.99 11.48   8.75 10.42 
 Widowed   2.03   2.51   2.29   2.29 

Education Elementary   1.42   0.42   0.00   0.42 
 Lower secondary 15.24 26.10   1.46 32.08 
 Upper secondary 42.68 25.68 31.67 45.63 
 Superior 40.65 47.39 65.42 21.88 

Age Young 42.68 50.10 50.00 50.00 
group Old 57.32 49.90 50.00 50.00 

Financial Not well off   3.25   6.26   1.25 11.25 
status Difficult 10.37   5.85   3.96 20.83 
 Modest 29.88 23.17 20.21 34.79 
 Reasonable 46.14 57.41 67.29 18.54 
 Well off   8.94   5.22   5.42 13.33 

Current Self-employed farmer   0.41   0.21   1.04   0.21 
occupation Self-employed other   5.49   4.38   9.79   8.75 
 Managing employee   8.33   6.47 10.42   3.33 
 Salaried employee 26.22 31.52 36.25 28.13 
 Skilled worker   7.11 13.78   3.33   6.88 
 Unskilled worker   2.44   7.31   0.63   3.96 
 Student   4.27   8.35 10.21   4.79 
 Retired 15.85 16.91 12.29 15.63 
 Unemployed or on leave   9.96   3.76   2.71 15.42 
 Not in active employment   9.76   4.38   4.17   6.46 
 Other 10.16   2.92   8.96   6.25 

Sample size N 492 479 480 480 
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Table 2. Value measures (Portrait Value Questionnaire; adapted from Schwartz et al., 2001) 

Construct Item   

Achievement V-ACH-1 It is important to him/her to show his/her abilities. He/she wants people to 
admire what he/she does. 

 V-ACH-2 Being very successful is important to him/her. He/she hopes people will 
recognise his/her achievements. 

Benevolence V-BEN-1 It is very important to him/her to help the people around him/her. He/she 
wants to care for their well-being. 

 V-BEN-2 It is important to him/her to be loyal to his/her friends. He/she wants to 
devote him/herself to people close to him/her. 

Conformity V-CON-1 He/she believes that people should do what they're told. He/she thinks 
people should follow rules at all times, even when no-one is watching. 

 V-CON-2 It is important to him/her always to behave properly. He/she wants to avoid 
doing anything people would say is wrong. 

Hedonism V-HED-1 Having a good time is important to him/her. He/she likes to spoil 
him/herself.  

 V-HED-2 He/she seeks every chance he/she can to have fun. It is important to him/her 
to do things that give him/her pleasure. 

Power V-POW-1 It is important to him/her to be rich. He/she wants to have a lot of money 
and expensive things. 

 V-POW-2 It is important to him/her to get respect from others. He/she wants people to 
do what he/she says. 

Security V-SEC-1 It is important to him/her to live in secure surroundings. He/she avoids 
anything that might endanger his/her safety. 

 V-SEC-2 It is important to him/her that the government ensures his/her safety against 
all threats. He/she wants the state to be strong so it can defend its citizens. 

Self-direction V-SEL-1 Thinking up new ideas and being creative is important to him/her. He/she 
likes to do things in his/her own original way.  

 V-SEL-2 It is important to him/her to make his/her own decisions about what he/she 
does. He/she likes to be free and not depend on others. 

Stimulation V-STI-1 He/she likes surprises and is always looking for new things to do. He/she 
thinks it is important to do lots of different things in life.  

 V-STI-2 He/she looks for adventures and likes to take risks. He/she wants to have an 
exciting life. 

Tradition V-TRA-1 It is important to him/her to be humble and modest. He/she tries not to draw 
attention to him/herself.  

 V-TRA-2 Tradition is important to him/her. He/she tries to follow the customs handed 
down by his/her religion or his/her family. 

Universalism V-UNI-1 He/she thinks it is important that every person in the world should be treated 
equally. He/she believes everyone should have equal opportunities in life.  

 V-UNI-2 It is important to him/her to listen to people who are different from him/her. 
Even when he/she disagrees with them, he/she still wants to understand 
them.  

 V-UNI-3 He/she strongly believes that people should care for nature. Looking after 
the environment is important to him/her. 
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Table 3. Means and standard deviations (in parentheses) of value measures  

Item 
Belgium 

(Flanders) 
Belgium 

(Wallonia) 
Denmark Poland Germany 

V-ACH-1 4.31 4.99 4.75 5.09 4.17 
 (1.39) (1.44) (1.44) (1.42) (1.43) 
V-ACH-2 5.26 5.96 5.54 5.64 5.50 
 (1.36) (1.11) (1.32) (1.37) (1.32) 
V-BEN-1 3.44 4.00 3.76 4.35 2.66 
 (1.88) (1.81) (1.96) (1.97) (1.82) 
V-BEN-2 0.67 0.72 0.65 0.64 0.61 
 (0.25) (0.23) (0.25) (0.25) (0.24) 
V-CON-1 5.48 6.15 6.09 5.71 5.85 
 (1.61) (1.21) (1.19) (1.61) (1.38) 
V-CON-2 0.85 0.78 1.21 0.76 1.18 
 (0.38) (0.30) (0.43) (0.31) (0.44) 
V-HED-1 4.88 5.49 5.26 5.63 5.05 
 (1.58) (1.30) (1.43) (1.42) (1.50) 
V-HED-2 4.55 5.61 4.96 5.36 5.30 
 (1.70) (1.48) (1.59) (1.55) (1.51) 
V-POW-1 4.55 5.61 4.96 5.36 5.30 
 (1.70) (1.48) (1.59) (1.55) (1.51) 
V-POW-2 0.84 0.89 0.79 0.94 0.82 
 (0.36) (0.35) (0.31) (0.38) (0.35) 
V-SEC-1 4.18 4.33 4.04 5.37 3.99 
 (1.52) (1.63) (1.48) (1.44) (1.47) 
V-SEC-2 5.16 5.83 5.60 5.56 5.56 
 (1.37) (1.15) (1.26) (1.42) (1.35) 
V-SEL-1 5.40 6.13 5.95 5.87 5.85 
 (1.27) (1.32) (1.21) (1.34) (1.27) 
V-SEL-2 4.05 4.45 4.65 4.83 3.45 
 (1.85) (1.75) (1.74) (1.79) (1.87) 
V-STI-1 5.06 4.98 5.00 5.79 5.09 
 (1.26) (1.26) (1.26) (1.25) (1.37) 
V-STI-1 0.68 0.68 0.66 0.65 0.69 
 (0.26) (0.26) (0.26) (0.26) (0.26) 
V-TRA-1 3.23 3.47 3.10 4.09 3.25 
 (1.85) (1.77) (1.72) (1.91) (1.81) 
V-TRA-2 5.40 6.13 5.95 5.87 5.85 
 (1.27) (1.32) (1.21) (1.34) (1.27) 
V-UNI-1 4.05 4.68 4.45 4.93 4.25 
 (1.53) (1.58) (1.49) (1.58) (1.53) 
V-UNI-2 5.47 6.05 6.00 5.62 5.96 
 (1.58) (1.26) (1.24) (1.51) (1.33) 
V-UNI-3 0.71 0.77 0.72 0.62 0.69 
 (0.29) (0.31) (0.29) (0.23) (0.28) 
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Table 4. Attitude measures (adapted from Dunlap, 2000; Beckmann et al., 2001; Hamstra, 1991; 

Lindeman & Väänänen, 2000; Kendall et al., 2006, Shimp & Sharma, 1987) 

Construct  Item   

Natural 
environment 

A-NAT-1 Humans are severely abusing the environment.  
A-NAT-2 If things continue on their present course, we will soon experience a major 

ecological catastrophe. 
Industrial food 
production 

A-IND-1 Modern food production removes vitamins and minerals from food products. 
A-IND-2 Most foods are so processed that they have lost their nutritional value. 

Technological 
progress 

A-TEC-1 The degree of civilization of a people can be measured from the degree of its 
technological development. 

A-TEC-2 New technological inventions and applications make up the driving force of 
the progress of society. 

Animal welfare A-ANI-1 It is important that the food that I normally eat has been produced in a way 
that animals have not experienced pain.  

A-ANI-2 It is important that the food that I normally eat has been produced in a way 
that animals' rights have been respected. 

Local 
employment 

A-LEM-1 Belgian/Danish/German/Polish consumers who purchase products made in 
other countries are responsible for putting their fellow 
Belgians/Danes/Germans/Poles out of work.  

A-LEM-2 Buying Belgian/Danish/German/Polish produced products supports the local 
community's livelihood. 

Local economy A-LEC-1 Belgian/Danish/German/Polish products first, last and foremost.  
A-LEC-2 A real Belgian/Dane/German/Pole should always buy 

Belgian/Danish/German/Polish-made products. 
Food and 
environment 

A-ENV-1 It is important that the food I eat on typical day has been prepared in an 
environmentally friendly way. 

A-ENV-2 It is important that the food I eat on typical day has been produced in a way 
which has not shaken the balance of nature. 

 
  



47 

Table 5. Means and standard deviations (in parentheses) of attitude measures   

Item 
Belgium 

(Flanders) 
Belgium 

(Wallonia) 
Denmark Poland Germany 

A-NAT-1 5.40 6.13 5.95 5.87 5.85 
  (1.27) (1.32) (1.21) (1.34) (1.27) 
A-NAT-2 4.55 5.61 4.96 5.36 5.30 
  (1.70) (1.48) (1.59) (1.55) (1.51) 
A-IND-1 4.05 4.68 4.45 4.93 4.25 
  (1.53) (1.58) (1.49) (1.58) (1.53) 
A-IND-2 4.31 4.99 4.75 5.09 4.17 
  (1.39) (1.44) (1.44) (1.42) (1.43) 
A-TEC-1 4.18 4.33 4.04 5.37 3.99 
  (1.52) (1.63) (1.48) (1.44) (1.47) 
A-TEC-2 5.06 4.98 5.00 5.79 5.09 
  (1.26) (1.26) (1.26) (1.25) (1.37) 
A-ANI-1 5.48 6.15 6.09 5.71 5.85 
  (1.61) (1.21) (1.19) (1.61) (1.38) 
A-ANI-2 5.47 6.05 6.00 5.62 5.96 
  (1.58) (1.26) (1.24) (1.51) (1.33) 
A-LEM-1 3.23 3.47 3.10 4.09 3.25 
  (1.85) (1.77) (1.72) (1.91) (1.81) 
A-LEM-2 4.88 5.49 5.26 5.63 5.05 
  (1.58) (1.30) (1.43) (1.42) (1.50) 
A-LEC-1 4.05 4.45 4.65 4.83 3.45 
  (1.85) (1.75) (1.74) (1.79) (1.87) 
A-LEC-2 3.44 4.00 3.76 4.35 2.66 
  (1.88) (1.81) (1.96) (1.97) (1.82) 
A-ENV-1 5.26 5.96 5.54 5.64 5.50 
  (1.36) (1.11) (1.32) (1.37) (1.32) 
A-ENV-2 5.16 5.83 5.60 5.56 5.56 
  (1.37) (1.15) (1.26) (1.42) (1.35) 
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Table 6. Measurement invariance analysis of value and attitude measures 

    ML 
Satorra-
Bentler     

Satorra-
Bentler     

Model Constraints relaxed χ² scaled χ² df RMSEA scaled Δχ² Δdf p 

Value measures        

0 (Baseline) 4703.619 5347.885 1152 .097       
1 Factor means 3402.575 3327.358 1112 .072   419.962   40 .000 
2 Error variances 3099.216 2894.834 1029 .069   709.508   83 .000 
3 Factor covariances 2588.303 2398.954   808 .071   491.189 221 .000 
4 Item intercepts 1674.307 1424.737   764 .047 1543.559   44 .000 
5 Factor loadings 1605.424 1372.208   720 .048     54.649   44 .130 

Attitude measures        

0 (Baseline) 2035.626 1835.861   532 .080       
1 Factor means 1313.636 1089.275   504 .055 1127.988   28 .000 
2 Error variances 1033.312   902.186   448 .051   165.773   56 .000 
3 Factor covariances   724.868   649.306   336 .049   250.310 112 .000 
4 Item intercepts   575.727   503.080   308 .041   184.573   28 .000 
5 Factor loadings   512.612   443.577   280 .039     61.151   28 .000 
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Table 7.  Stimuli used in conjoint analysis  

No. Production system description 

1 Consider a farm with about 400 sows. The animals are housed on litter. There is some effort to reduce 
the production system's ecological impact on soil, water and air. Pigs' feeding aims for lower fat content. 
The farm produces pigs with similar meat quality every time. 

2 Consider a farm with about 400 sows. The animals are housed on slatted floors. The effort to reduce the 
production system's ecological impact on soil, water and air is maximal. Pigs' feeding aims for standard 
fat content. The farm produces pigs with the qualities demanded only by their main customers. 

3 Consider a small farm with less than 100 sows & other livestock. The animals are housed on litter. The 
effort to reduce the production system's ecological impact on soil, water and air is maximal. Pigs' feeding 
aims for standard fat content. The farm produces pigs with different quality because of biological 
variations and changing local conditions. 

4 Consider a farm up to or more than 800 sows with hired labour. The animals have outdoors access. The 
effort to reduce the production system's ecological impact on soil, water and air is maximal. Pigs' feeding 
aims for healthy fat. The farm produces pigs with similar meat quality every time. 

5 Consider a small farm with less than 100 sows & other livestock. The animals are housed on slatted 
floors. The effort to reduce the production system's ecological impact on soil, water and air is minimal. 
Pigs' feeding aims for standard fat content. The farm produces pigs with similar meat quality every time. 

6 Consider a small farm with less than 100 sows & other livestock. The animals are housed on slatted 
floors. There is some effort to reduce the production system's ecological impact on soil, water and air. 
Pigs' feeding aims for healthy fat. The farm produces pigs with similar meat quality every time. 

7 Consider a farm up to or more than 800 sows with hired labour. The animals are housed on slatted floors. 
There is some effort to reduce the production system's ecological impact on soil, water and air. Pigs' 
feeding aims for standard fat content. The farm produces pigs with the qualities demanded only by their 
main customers. 

8 Consider a small farm with less than 100 sows & other livestock. The animals have outdoors access. The 
effort to reduce the production system's ecological impact on soil, water and air is minimal. Pigs' feeding 
aims for lower fat content. The farm produces pigs with the qualities demanded only by their main 
customers. 

9 Consider a small farm with less than 100 sows & other livestock. The animals have outdoors access. 
There is some effort to reduce the production system's ecological impact on soil, water and air. Pigs' 
feeding aims for standard fat content. The farm produces pigs with different quality because of 
biological variations and changing local conditions. 

10 Consider a farm with about 400 sows. The animals have outdoors access. The effort to reduce the 
production system's ecological impact on soil, water and air is minimal. Pigs' feeding aims for standard 
fat content. The farm produces pigs with similar meat quality every time. 

11 Consider a farm up to or more than 800 sows with hired labour. The animals are housed on slatted floors. 
The effort to reduce the production system's ecological impact on soil, water and air is minimal. Pigs' 
feeding aims for lower fat content. The farm produces pigs with different quality because of biological 
variations and changing local conditions.  

12 Consider a farm with about 400 sows. The animals are housed on slatted floors. The effort to reduce the 
production system's ecological impact on soil, water and air is minimal. Pigs' feeding aims for healthy 
fat. The farm produces pigs with different quality because of biological variations and changing local 
conditions. 

13 Consider a small farm with less than 100 sows & other livestock. The animals are housed on slatted 
floors. The effort to reduce the production system's ecological impact on soil, water and air is maximal. 
Pigs' feeding aims for lower fat content. The farm produces pigs with similar meat quality every time. 

14 Consider a farm up to or more than 800 sows with hired labour. The animals are housed on litter. The 
effort to reduce the production system's ecological impact on soil, water and air is minimal. Pigs' feeding 
aims for standard fat content. The farm produces pigs with similar meat quality every time. 

15 Consider a small farm with less than 100 sows & other livestock. The animals are housed on litter. The 
effort to reduce the production system's ecological impact on soil, water and air is minimal. Pigs' feeding 
aims for healthy fat. The farm produces pigs with similar meat quality every time. 
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Table 8. Conjoint analysis results: means and standard deviations (in parentheses) of part-worths  

Attribute Level Belgium 
(Flanders) 

Belgium 
(Wallonia)

Denmark Poland Germany
All 

countries 
Relative 

importance 

 Constant  7.34 6.85 6.60 7.23 6.88 6.97  
(1.29) (1.31) (1.36) (1.46) (1.35) (1.37)  

         
Farm size 100 sows 0.12 0.24 0.14 0.04 0.20 0.14 14.96% 

(0.72) (0.75) (0.71) (0.77) (0.79) (0.75) 
400 sows 0.15 0.07 -0.03 0.13 0.10 0.08 

(0.64) (0.63) (0.69) (0.69) (0.66) (0.67) 
800 sows -0.27 -0.32 -0.11 -0.17 -0.30 -0.22 

(0.72) (0.72) (0.63) (0.67) (0.73) (0.69) 
         
Housing and 
floor type 

Slatted 
floors 

-0.95 -0.61 -2.20 -0.57 -2.19 -1.45 31.41% 
(1.27) (0.95) (1.60) (0.92) (1.77) (1.36) 

Litter 0.41 0.32 0.51 0.28 0.98 0.54 
(0.86) (0.81) (1.12) (0.85) (1.07) (0.97) 

Outdoor 
access 

0.55 0.29 1.69 0.29 1.21 0.91 
(1.13) (0.92) (1.43) (0.85) (1.22) (1.14) 

         
Environmental 
impact 

High 
  

-1.00 -0.94 -0.68 -1.25 -0.87 -0.94 23.39% 
(1.22) (1.07) (0.93) (1.25) (1.08) (1.11) 

Medium 0.43 -0.04 0.01 0.12 0.13 0.14 
(0.70) (0.76) (0.59) (0.67) (0.67) (0.66) 

Low 0.57 0.98 0.67 1.13 0.73 0.81 
(0.87) (1.14) (0.93) (1.13) (0.94) (0.99) 

         
Feed and 
resulting fat 
profile 

Standard  
  

-0.33 -0.42 -0.11 -0.16 -0.05 -0.17 14.54% 
(0.69) (0.67) (0.62) (0.60) (0.53) (0.61) 

Less fat 0.07 0.17 -0.07 0.12 0.10 0.07 
(0.68) (0.71) (0.71) (0.68) (0.66) (0.69) 

Healthier 
fat 

0.25 0.25 0.18 0.04 -0.05 0.10 
(0.62) (0.65) (0.65) (0.61) (0.57) (0.62) 

         
Quality 
variation 

Stable 0.39 0.57 -0.02 0.08 -0.10 0.10 15.71% 
(0.68) (0.86) (0.70) (0.54) (0.61) (0.65) 

Unstable -0.07 -0.20 0.38 0.13 0.32 0.18 
(0.82) (0.96) (0.86) (0.63) (0.85) (0.80) 

Customised -0.32 -0.37 -0.36 -0.20 -0.22 -0.28 
(0.82) (0.82) (0.78) (0.60) (0.77) (0.74) 
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Table 9. Standardised direct and total effects of values (*p < .05, **p < .01) on individual attribute 

importance measures for production system attributes and on attitudes 

 Power Universalism Stimulation Tradition Hedonism 

Direct Effects      

Farm size  .119     .458* -.203 -.219 -.005 
Housing and floor type -.034   .434     -.417**     -.481**      .301** 
Environmental impact  .097       .542** -.012 -.156 -.169 
Quality variation     -.241** -.198  .087  .204      .157** 

Natural environment  .173       .837**     -.171**   -.143*     -.153** 
Industrial food production -.046     -.561**      .362**      .390** -.121 
Technological progress    .186* -.132      .245**      .313**     -.296** 
Animal welfare  .108       .847**     -.370**    -.233**  .093 
Local economy -.218     -.824**      .367**      .766** -.020 
Food and environment -.049       .318** -.013 -.002 -.005 

Total Effects      

Farm size  .073      .265** -.102 -.060 -.023 
Housing and floor type -.026      .467**     -.432**     -.408**      .302** 
Environmental impact  .044      .378**  .015 -.115*     -.129** 
Quality variation     -.209**  .105 -.035  .068      .181** 

Natural environment  .173      .837**     -.171**  -.143*     -.153** 
Industrial food production  .095  .105      .215**      .280**     -.231** 
Technological progress    .186* -.132      .245**      .313**     -.296** 
Animal welfare  .108      .847**     -.370**     -.233**  .093 
Local economy -.118     -.368**      .244**      .696** -.071 
Food and environment  .044      .790**     -.156** -.088 -.036 
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Table 10. Standardised direct and total effects of attitudes (*p < .05, **p < .01) on individual attribute 

importance measures for production system attributes and on other attitudes 

 
Natural 

environment

Industrial 
food 

production

Techno-
logical 

progress 

Animal 
welfare 

Local 
economy 

Food and 
environment

Direct Effects       

Farm size -.094   .062 -.027   -.132*  .159  .059 
Housing and floor type  .017   .048   .002      .220**  .143 -.151 
Environmental impact -.066 -.053      -.095** -.066  .083 -.038 
Quality variation  .083 -.057 -.030    .138* -.080  .113 

Natural environment       
Industrial food production     .692**    .050  .110   
Technological progress       
Animal welfare       
Local economy     .283**    .112      .276**   
Food and environment     .241**        .083**      .332**   

Total Effects       

Farm size  .008  .062 -.001 -.062  .159  .059 
Housing and floor type  .054  .048  .008      .215**  .143 -.151 
Environmental impact -.088 -.053     -.092** -.061  .083 -.038 
Quality variation  .048 -.057 -.033      .147** -.080  .113 

Natural environment       
Industrial food production      .692**   .050  .110   
Technological progress       
Animal welfare       
Local economy      .283**   .112      .276**   
Food and environment      .241**       .083**      .332**   
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Figure 1. Graph representation of the structural equation model (insignificant effects omitted; edge 

strength proportional to absolute values of standardised direct effects) 
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ABSTRACT 

  The aim of the research was to assess in which way values and general attitudes relevant 

for the food sector exert an influence on Food-related lifestyle (FRL) in different segments. 

Understanding the values, attitudes and motives of consumer segments increases the chances 

of food producers to develop targeted products that stand a realistic chance of survival in a 

crowded and competitive marketplace, now and in the future. A survey was conducted with 

1931 consumers from Belgium, Denmark, Germany and Poland. The survey questionnaire 

contained measures of personal value orientations, a broad range of attitudinal constructs, and 

food-related lifestyles. The data were analysed by means of finite mixture path analysis, a 

post-hoc segmentation method for uncovering unobserved heterogeneity not only in terms of 

the means of the segmentation variables but also in terms of their influences on each other. 

Structural equation models estimated on an aggregate sample can lead to serious biases, since 

a-priori segmentation does not take such unobserved heterogeneity into account. The results 

indicate that the modelling approach is feasible, has advantages over other methods, and leads 

to a meaningful differentiation of consumer segment. Three segments of European consumers 

based on values, attitudes and lifestyles were identified: one segment that can be characterised 

as open and innovative, one segment that can be characterised as relatively uninvolved, and 

one segment that can be characterised as conservative and value-oriented. A marketing 

challenge posed by this segmentation solution is that the segments did not have distinct socio-

demographic profiles. Although such a result that is common in attitude-based segmentations 

it also poses a particular challenge in terms of reaching such segments.    
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INTRODUCTION 

Until the 1960s mass marketing was the main strategy used by companies to attract 

consumers. In today’s business world, companies recognise that they cannot appeal to all 

consumers in the market. Each consumer comes from a different background, lives in a 

different area and has different goals and interests. In sum, each consumer is unique, and the 

pattern of attitudes, interests, preferences and behaviours that characterises a particular 

consumer can be understood as his or her lifestyle. Veblen (1899) first introduced the idea that 

for certain social classes, publicly displayed consumption patterns are a means to establish 

class differences and personal identities. The best known empirical analyses of such patterns 

are Bourdieu’s (1984) analysis of social distinctions in the France of the 1970s and Schulze’s 

(1992) portrait of West Germany in the 1980s. Inherent in such lifestyle concepts is the notion 

that preferences for particular types of consumer products can be understood as expressions of 

general socio-political attitudes and values, organised into coherent systems by which 

consumers differentiate themselves from others.  

In marketing research, segmentation based on similar concepts of consumer lifestyle has 

become ever more popular since the idea was first introduced by Lazer (1964). The lifestyle 

concept as used in marketing research either refers to an individual, a small group of 

interacting people, or—most typically—a whole market segment which might be considered a 

potential target group for a new product or service. Considering that more than half of the 

products launched in global food and beverage markets fail within the first year (Traill & 

Grunert, 1997), a profound understanding of the values, attitudes and preferences of the 

consumers in a market segment can considerably increase the chances that a company will be 

able to develop products that actually stand a chance of surviving in this crowded and 

competitive marketplace.  
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A link between these two research streams—lifestyle as understood in sociology and 

lifestyle as understood in marketing research—has rarely been made. We believe that there 

are two reasons for this. The first reason is the often-replicated finding that, in the general 

population, the particular types of socio-political attitudes that are often researched by 

sociologists (such as attitudes towards environmental protection) are rarely correlated with 

observable consumption behaviour (such as transportation and recycling behaviour; for an 

overview, see Diekmann & Preisendörfer, 1998). It has to be noted though that most of the 

empirical research on the “behaviour gap” (as the lack of attitude-behaviour consistency in the 

environmental domain is often referred to in the relevant literature) has been conducted in the 

1980s and early 1990s. Since then, however, a new concept has entered policy discussions 

and debates between stakeholders, particularly in the European Union: the rise of the “citizen-

consumer” and the politicisation of production processes and new technologies (e.g., see 

Grunert, 2005; Scholderer, 2005).    

The second reason we believe to be responsible for the lack of a connection between the 

two research streams is that, until relatively recently, adequate methodologies were lacking 

that could identify sub-populations in which general socio-political attitudes (the set of 

attitudinal dimensions characterising the “citizen” in an individual) and consumer attitudes 

(the set attitudinal dimensions characterising the “consumer” in the same individual) are 

closely interconnected even though they may be only weakly correlated in the general 

population. However, methods for finite-mixture structural equation modelling have become 

available since then that have the potential to solve this problem. Hence, the aim of the 

research presented here is to investigate how value orientations, general socio-political 

attitudes and consumer lifestyles are interrelated, and to identify segments within the general 

population in which these attitudinal concepts are interconnected in such a way that the 

individuals in these segments can be characterised as “citizen consumers”. 
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Means-end theory of lifestyle 

A frequently used segmentation tool for food markets is the food-related lifestyle 

instrument (FRL; Brunsø, Scholderer & Grunert, 2004; Grunert, Brunsø & Bisp, 1997; 

O’Sullivan, Scholderer & Cowan, 2005; Scholderer, Brunsø, Bredahl & Grunert, 2004; 

Scholderer, Brunsø & Grunert, 2002). The FRL itself is a 69-item questionnaire, measuring 

23 lifestyle dimensions in five different domains: ways of shopping, cooking methods, quality 

aspects, consumption situations, and purchasing motives. The FRL is based on a hierarchical 

concept of consumer motivation, assuming that there are systematic individual differences 

between consumers in the degree to which they strive for super-ordinate goals such as 

pleasure, excitement or security (equivalent to personal values in the sense of Schwartz, 

1992). A lifestyle is defined as the particular set of preference structures and behavioural 

routines that an individual consumer has evolved to achieve his or her super-ordinate goals—

hence the name of the theory underlying the FRL, “means-end theory of lifestyle”.   

Means-end theory of lifestyle predicts a particular mediation pattern that is empirically 

testable: in a variable system that includes measures of (a) individual differences in the 

importance of personal values, (b) consumer lifestyles as defined by the theory, and (c) 

observable consumption indicators, all influences of personal values on observable 

consumption behaviour should be completely mediated by consumer lifestyles. Structural 

equation tests of the predicted mediation pattern were successful (Brunsø et al., 2004; 

Scholderer et al., 2002): structural equation models that were constrained in such a way as to 

incorporate the predicted mediation pattern showed a better fit to survey data than models 

incorporating alternative or no mediation patterns. The result was stable across two Western 

consumer populations (representative samples if British and French consumers) and all five 

FRL domains.  
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Structural equation models in segmented populations 

A weakness of the structural equation tests reported by Brunsø et al. (2004) and 

Scholderer et al. (2002) is that they were conducted on the population level, abstracting from 

potential differences between segments. Considering that the FRL is an instrument that was 

specifically developed for the purpose of market segmentation, that is, with the express 

assumption that the analysed markets would be segmented and therefore heterogeneous, this 

can be regarded as problematic. Empirical applications of structural equation modelling 

usually rest on the assumption that the sample is homogeneous in terms of the underlying 

structural model that has generated the data. An alternative method is to divide the total 

sample into homogeneous subsamples based on a-priori considerations as to what might be 

the cause of the eventual heterogeneity—for example, based on demographic characteristics 

such as gender, age, culture or country, or based on behavioural characteristics such as the 

users versus the non-users of the relevant products or product categories. Multi-group analysis 

may then be used to test for differences between groups and to estimate group-specific 

models.  

However, observable characteristics are often inadequate to identify homogeneous 

segments, and if the remaining unobserved heterogeneity is considerable, the parameters of 

the model can be seriously biased (Jedidi, Jagpal & DeSarbo, 1997a). One way to solve this 

problem is to first construct homogeneous sub-groups by a traditional cluster analysis method 

(such as k-means clustering or hierarchical clustering) and then estimate structural equation 

models within each sub-group or in a multiple-group setting. However, this method is 

conceptually flawed as traditional cluster analysis assumes independence among the variables 

whereas the structural equation modelling in the second step of the analysis assumes them to 

be interdependent, again resulting in biased parameter estimates (Jedidi et al., 1997a). One 
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approach to overcome the problems of such a two-step procedure is to use a finite mixture 

structural equation modelling approach (Arminger & Stein, 1997; Dolan & van der Mass, 

1998; Jedidi et al, 1997a, 1997b), as proposed in this study. 

Finite-mixture structural equation modelling 

Finite mixture models are a general class of statistical models that allow for unobserved 

heterogeneity in a sample. Sub-population membership of individuals is inferred from the 

data. Finite-mixture approaches to structural equation modelling have been proposed 

independently by Arminger and Stein (1997), Dolan and van der Mass (1998) and Jedidi, 

Jagpal and DeSarbo (1997a; 1997b). The finite mixture path model applied in this paper is a 

special case of these models.  

Finite mixture models assume that the population is made up of a mixture of underlying 

sub-populations, each characterised by their own set of parameters. Thus, finite mixture 

models relax the assumption that a sample is drawn from a homogeneous population 

characterised by a single set of parameters. Let i be the index of the N  cases  i 1,..., N  and 

let c  refer to the a-priori unknown membership of the C  segments  c 1,...,C . The vector of 

mixing proportions is given by  1 2 C, ,...,      where  0 1   and 
C

cc 1
1


  . The 

system of structural equations is:  

  c c c c c c c   y B y x     (1) 

where cy  and cx  are vectors of p  endogenous observable variables and q  exogenous 

observable variables, respectively, observed in the cth segment. Let    c c c cvar E  x x x   

be the q qx  covariance matrix of the exogenous variables and   xc cE x   the vector of 
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means of the exogenous variables in segment c . Furthermore, let c  be a px1 vector of 

structural intercepts in segment c , cB  a p px  matrix of coefficients relating the endogenous 

variables to each other, c  a p qx  matrix of coefficients relating the endogenous to the 

exogenous variables, and c  a px1 random vector of disturbances. We assume that 

 c c cE      and  cE 0  in each segment. The reduced form in segment c  is given by: 

  
     1 1 1

c c c c c c c c

  
     y I B I B x I B    , (2) 

assuming that  cI B  is non-singular. The expectation of y  in segment c  is given by:  

  
     1 1

c c c c c c cE
 

    y xy I B I B     . (3) 

Furthermore, let  c c c c c, , , B     be the vector of the structural parameters of the 

model in segment c. The model can then be represented by the mean vector cx  and 

covariance matrix:  

  

     
   c c

c c c c

c c

c c c c

E E
E ,

E E

  
       

y x

y y y x
y x

x y x x


  

  

      
 

1 1 1

c c c c c c c c c

1

c c c c

  



     
  
   

I B I B I B

I B

     

  
 (4) 

 

 

The finite mixture density is given by:  
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   c c

C

c c cc 1
f ,


 x y xy N y   ,  (5) 

where cN  are multivariate normal probability density functions with a segment-specific mean 

vector cx  and a segment-specific covariance matrix 
c cy x . The likelihood function for a 

random sample is: 

 

       i ic c c c

1 2N C p q /2 1
c i ic cc 1i 1

L 2 exp ½
  



         
  

 y x y y x yy μ y μ 
 (6) 

 The likelihood is maximised with respect to the free parameters in 

 c c c c c, , , B     that constitute the theoretical model and the vector of mixing 

proportions  , given the sample data and a specified number of segments, subject to 

 0 1   , 
C

cc 1
1


   and 

c c
0 y x  for all segments. After model fitting, individuals are 

assigned to their most likely class based on the maximum posterior probability of segment 

membership (modal allocation). Since segment membership is unobserved, the expectation-

maximisation algorithm (EM; Dempster, Laird & Rubin, 1977) is utilised. In the E-step, 

segment memberships are estimated by their expected values, given the temporary estimates 

of the free parameters and the mixing proportions. In the M-step, the parameters from the E-

step are updated, given the previously estimated segment memberships. The mixing 

proportions can be created as prior probabilities of any subject i  belonging to the C

segments. The posterior probability of membership for i  in class c  is calculated using Bayes’ 

theorem, conditional on the segment-specific estimates8:  

                                                 
8 For a complete software-specific (Mplus 6) specification of the estimation procedures, see Muthén and 

Muthén (1998-2010). 
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   c c c c

C

ic c i x c i xc c c cc 1
ˆ ˆˆ ˆ ˆ ˆ ˆ, ,


  y x y xτ N y μ N y μ 

 (7)
 

  Aims of the study 

The aim of the research presented in the following is to investigate how value orientations, 

general socio-political attitudes and consumer lifestyles are empirically related to each other. 

The analysis will be based on data from a survey among 1931 consumers from Belgium, 

Denmark, Germany and Poland. The survey questionnaire contained measures of personal 

value orientations, a broad range of attitudinal constructs, and food-related lifestyles. The data 

will be analysed by means of finite-mixture path analysis, a modelling approach that makes it 

possible to identify segments within the general population in which the different classes of 

attitudinal constructs are interrelated in such a way that the individuals in these segments can 

be characterised as “citizen consumers”.  

METHOD 

Participants and procedure 

In January 2008, a cross-sectional consumer survey was carried out in four9 European 

countries: Belgium, Denmark, Germany, and Poland. Pre-determined sampling quotas were 

imposed on gender (50% women, 50% men), age (50% between 20 and 44 years old, 50% 

between 45 and 70 years old) group, and region of residence (33% urban areas, 33% rural 

areas with density of low pig production, 33% rural areas with high density of pig 

production). A total of 1931 randomly selected consumers from the TNS European Online 

                                                 
9 Originally, Greece was part of this study as well but is excluded here as a consequence of poor data 

quality in terms of different data collection methods, and quotas not meeting the predetermined requirements.  
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Access Panel completed a self-administered online survey. Demographic characteristics are 

presented in Table 1. 

Measures 

The master questionnaire was developed in English and translated into the respective 

languages (French, Dutch, Danish, German and Polish), cross-checked via the back-

translation procedure (Brislin, 1970). The questionnaire was pre-tested in personal interviews 

with 15-20 participants in each country. The questionnaire contained measures of personal 

value orientations (Schwartz, 2006; Schwartz, Melech, Lehmann et al., 2001), attitude 

towards the natural environment (Dunlap, van Liere, Mertig & Jones, 2000), attitude towards 

industrial production (Beckmann, Brokmose & Lind, 2001), attitude towards technological 

progress (Hamstra, 1991), attitude towards animal welfare (Lindeman & Väänänen, 2000; 

Kendall, Lobao & Sharp, 2006), attitude towards food and the environment (Lindeman & 

Väänänen 2000), and ethnocentrism in terms of attitude towards local employment and 

attitude towards the local economy (Shimp & Sharma, 1987).  

Value measures. The theory of basic humans values (Schwartz, 1992) distinguishes ten 

personal values with motivational functions: power, achievement, benevolence, conformity, 

hedonism, self-direction, security, stimulation, tradition, and universalism. Values were 

measured by the 21-item version of the Portrait Values Questionnaire (PVQ; Schwartz, 2006; 

Schwartz et al., 2001). All items were answered on six-point scales ranging from 1 (“not like 

me at all”) to 6 (“very much like me”). Item labels and variable names are presented in Table 

2. Item means and standard deviations are presented in Table 3. 

Attitude measures. Attitude towards the natural environment was measured by two items 

from Dunlap et al. (2000), attitude towards industrial food production by two items from 

Beckmann et al. (2001), attitude towards technological progress by two items from Hamstra 
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(1991), attitude towards animal welfare by two items from Lindeman and Väänänen (2000) 

and Kendall et al. (2006), attitude towards food and the environment by two items from 

Lindeman and Väänänen (2000), and ethnocentrism with respect to local employment and 

ethnocentrism with respect to the local economy by two items, respectively, from Shimp and 

Sharma (1987). All attitude items were answered on seven-point scales ranging from 1 

(“completely disagree”) to 7 (“completely agree”). Item labels and variable names are 

presented in Table 4. Item means and standard deviations are presented in Table 5.  

Lifestyle measures. The food-related lifestyle instrument (FRL; Brunsø & Grunert, 1995; 

Grunert, Brunsø & Bisp, 1997; O’Sullivan, Scholderer & Cowan, 2005; Scholderer, Brunsø, 

Bredahl & Grunert, 2004) consists of 69 items which measure 23 lifestyle dimensions in five 

domains: including ways of shopping (SC), cooking methods (CS), quality aspects (APA), 

consumption situations (US) and purchasing motives (CO). All items were answered on 

seven-point scales ranging from 1 (“completely disagree”) to 7 (“completely agree”). Domain 

labels, item labels, and variable names are presented in Tables 6a and 6b. Item means and 

standard deviations are presented in Tables 7a and 7b. 

Measurement invariance assessment  

Prior to the actual analysis, the cross-cultural comparability of the measures was assessed 

using the measurement invariance assessment procedures recommended by Steenkamp and 

Baumgartner (1998) and Scholderer (2010). The procedures are based on multi-group 

confirmatory factor analysis with structured means (Sörbom, 1974). Multi-group 

confirmatory factor analysis represents the responses to J  items as a linear function of K J  

latent factors, J  intercepts, and J  random errors: 

   g xg xg g g  x    
 (8) 
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where xg  is the J 1x  vector of observed responses in group g , xg  a J 1x  vector of intercepts, 

xg  a J Kx  matrix of factor loadings, g  a K 1x  vector of latent factors, and g  a J 1x  vector 

of measurement errors. Assuming  gE 0 , and  g gCov 0  , the covariance matrix of 

the observed responses is modelled as  

  g g g g g x x δ    
  (9) 

where
 g  is the K Kx  covariance matrix of the latent factors and g  is the J Jx  covariance 

matrix of measurement errors. Moreover, letting  g gE   where g  is the K 1x  vector of 

latent factor means, the K 1x  vector of observed means is modelled as  

  g g g g x x x   
.  (10) 

The full model for covariances and means thus has five parameter matrices, , , ,x x     

and . A hierarchical model comparison procedure (Scholderer, 2010; Steenkamp & 

Baumgartner, 1998) was applied in which seven consecutive levels of measurement 

invariance were examined. Configural invariance (pattern invariance) is defined as the same 

pattern of zero and non-zero elements in the matrix of loadings (i.e. fixed and free factor 

loadings) across countries, i.e. the same underlying factors are measured. The constraints for 

this model are 0 0 0
1 2 G...  x x x   . Metric invariance (weak factorial invariance) is tested by 

specifying the factor loadings to be equal across countries: 1 2 G...   x x x x    . This 

entails that the same latent variables are measured across countries. The difference scores of 

the items can be compared if the requirements of metric invariance are satisfied. Scalar 

invariance (strong factorial invariance) is tested by specifying factor loadings and intercepts 
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to be invariant across countries, 1 2 G...   x x x x     and 1 2 G...   x x x x    . The 

observed variables are measured on identical interval scales and can be meaningfully 

compared across countries. Factor covariance invariance implies that the interrelationship 

between underlying factors is identical across countries, 1 2 G...   x x x x    ,

1 2 G...   x x x x    , and ij ij ij ij
1 2 G...        where i j . Factor variance invariance 

implies that the underlying factors display similar variation in the different countries. The 

constraints are 1 2 G...   x x x x    , 1 2 G...   x x x x    , and ij ij ij ij
1 2 G...       , 

for all j  and i . Error variance invariance indicates that the items of the questionnaire are 

measuring the underlying factors with the same reliabilities across countries. The constraints 

are 1 2 G...   x x x x    , 1 2 G...   x x x x    , ij ij ij ij
1 2 G...       , for all j  and i , 

and 1 2 G...       . Finally, in an identity model also vector of latent factor means is 

assumed to be invariant across countries, implying the constraints 1 2 G...   x x x x    ,

1 2 G...   x x x x    , ij ij ij ij
1 2 G...        for all j  and i , 1 2 G...        , and 

1 2 G...       . 

The measurement invariance assessment was carried out separately for the value items, 

attitude items and FRL items (domain-wise), respectively, to achieve positive degrees of 

freedom. Table 8 shows the goodness-of-fit statistics. For the value items, the RMSEA10 was 

.07 with only the constraints on the factor means relaxed, indicating that all levels of 

measurement invariance up to the error variance invariance model held (Satorra-Bentler 2

=3402.58, df = 1112). For the attitude items, the RMSEA was .08 with none of the constraints 

                                                 
10 The root mean squared error of approximation (RMSEA) is a relative non-centrality measure, estimating 

how well the fitted model approximates the population covariance matrix per degree of freedom. Brown and 

Cudeck (1993) suggest that an RMSEA < .05 indicates closed fit and an RMSEA < .08 acceptable fit. 
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relaxed, indicating that all levels of measurement invariance up to the identity model held 

(Satorra-Bentler 2 =1835.86, df = 532). For the FRL items in most of the domains, all 

models up to the scalar invariance model held, with the exception of the items in the quality 

aspects domain (APA), where all models up to the error variance invariance level held. Taken 

together, the results of measurement invariance analysis indicate that at least the assumption 

of scalar invariance held for all items included in the analysis. Hence, it can be concluded that 

all items varied according to common interval scales in the different countries in which the 

data had been collected, and that an analysis of the data pooled will yield statistically 

meaningful results.   

RESULTS 

Dimensionality reduction 

In the most general specification of a finite mixture structural equation model, separate 

mean vectors and covariance matrices are modelled in each segment by their own sets of 

segment-specific parameter matrices. As the number of indicators or the number of segments 

increase, the number of parameters to be estimated becomes very large. In order to reach 

identification, the number of parameters in the present model had to be reduced.  

Second-order value factors. The 21 items of the Portrait Value Questionnaire (PVQ) were 

first z-standardised and then reduced to ten dimensions by taking the average of the items 

measuring each dimension. Then maximum likelihood factor analysis was used to reduce the 

ten PVQ dimensions to three second-order value factors.  

 The first of these was a general (G) factor with only positive loadings of all ten 

dimensions, representing a general tendency to respond similarly to all items.  
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 The second factor corresponded to the first second-order dimension of the PVQ (see 

Schwartz, 1992), openness to change versus conservation.  

 The third factor corresponded to the other second-order dimension of the PVQ, self-

transcendence versus self-enhancement, orthogonal to the first second-order dimension.  

Attitude dimensions. The 14 attitude items were first z-standardised and then reduced to 

seven dimensions by taking the average of the items measuring each dimension.  

Second-order lifestyle factors. The 69 items of the food-related lifestyle instrument (FRL) 

were first z-standardised and then reduced to 23 dimensions by taking the average of the items 

measuring each dimension. Then a maximum likelihood factor analysis with varimax rotation 

was conducted, reducing the 23 original FRL dimensions to six second-order lifestyle factors 

that can be interpreted as naturalness, newness, sociability, price, tradition, and convenience.  

 Naturalness had salient loadings of the original FRL dimensions health/naturalness, 

organic products, interest in product information and speciality shops.  

 Newness had salient loadings of novelty, looking for new ways and self-fulfilment in 

food. 

 Sociability had salient loadings of social relationships and social events.  

 Price had salient loadings price-quality relationship, price criteria, and attitudes to 

advertising.  

 Tradition had salient loadings of security, women’s task, attitudes to advertising, planning, 

shopping list and snacks versus meals.  

 Convenience had salient loadings of convenience and freshness (negatively). 
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Finite-mixture path analysis 

All finite-mixture path analyses were estimated under Mplus 6 (Muthén & Muthén, 1998-

2010). Estimates were obtained for ten models with increasing complexity, assuming a 

minimum of one and a maximum of ten segments. Goodness-of-fit and model comparison 

statistics are displayed in Table 9. The final model was selected based on the Bayesian 

Information Criterion (BIC), imposing a relatively strong penalty on model complexity and 

thereby leading to a conservative decision about the optimal number of segments. According 

to BIC, the optimal number of segments was three (Segment 1: 19.7% of the participants, 

Segment 2: 43.2%, Segment 3: 37.1%). Since the likelihood function of a finite mixture path 

analysis is not well-behaved the model was re-estimated 250 times with different starting 

values. However, the same optimum of the estimations was achieved in around 95% of the 

cases, which made it very likely that a global maximum had been achieved. Segment-specific 

standardised path coefficients are reported in Tables 10a to 10c. Means and mean differences 

are reported in Tables 11a to 11c. 

Differences between segments in the means of the model variables 

Values. Individuals in Segment 1 prioritised values in the openness-to-change region of 

the value circumplex (such as self-direction and stimulation; see Schwartz, 1992) higher than 

did individuals in other segments. Furthermore, they reported the somewhat higher priorities 

for self-transcendence values (such as universalism) and the lowest priorities for 

conservationist values (such as tradition, conformity and security). Hence, they can be 

understood as innovative in the sense that the value novelty and independent thought and 

action more than participants in the other two segments, and are less bound by cultural norms 

and traditions. Individuals in Segment 2, on the other hand, reported the lowest priorities for 



71 

openness-to-change values (such as self-direction and stimulation) and also the lowest 

priorities for self-transcendence values (such as universalism). Individuals in Segment 3 

prioritised conservationist values (such as tradition, conformity and security) much higher 

than individuals in the other two segments. Hence, they can be understood as conservative in 

the sense that they value self-restriction, preservation of traditional practices and stability 

more than participants in the other segments.  

Attitudes. The largest differences between the segments were found in terms of the two 

ethnocentrism dimensions, attitude towards local employment and attitude towards the local 

economy.  Individuals in Segment 1 were least ethnocentric, individuals in Segment 2 more 

ethnocentric and individuals in Segment 3 most ethnocentric. In line with their generally more 

conservative value orientations (see above), individuals in Segment 3 also reported more 

positive attitudes towards the natural environment and animal welfare, more sceptical 

attitudes towards industrial food production, and were more concerned about the impact of 

food production on the environment. 

Lifestyle. In line with the openness that characterised their general value orientations (see 

above), individuals in Segment 1 valued novelty (e.g., in terms of exotic foods or new 

recipes) much higher than individuals in the other two segments, and they were much more 

likely to eat in social settings such as going to a restaurant with family or friends. Individuals 

in Segment 2 were generally more convenience-oriented than the other two segments and less 

interested in the taste of foods. Furthermore, individuals in Segment 2 were more reluctant to 

try new recipes compared to Segment 1 but still relatively open compared to the more 

conservative individuals in Segments 3. The more conservative individuals in Segment 3 

reported higher importance of quality aspects such as health/naturalness and freshness, a 

higher preference for organic products, more interest in product information and advertising, 

and more concern about the nutritional value of foods. On the other hand, they were also more 
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price-conscious than the other segments (particularly Segment 1) and much more likely to 

endorse traditional gender roles.  

Demographics.  Although some of the demographic variables (country and region of 

residence, gender, age, marital status, education, occupation, perceived financial status) were 

significantly associated with segment membership, the strength of these associations was very 

small (with Cramer’s V values of .15 or less) and should therefore be interpreted as a 

consequence of excessive statistical power due to the large number of observations. The 

segments did not have clear demographic profiles that distinguished them. 

Differences between segments in the effects of the model variables  

Effects of PVQ G-factor. The general PVQ factor can be understood as a particular 

response style, that is, a systematic tendency to give higher (yea-saying, also referred to as 

acquiescence in the survey literature) or lower (nay-saying) responses to all PVQ items. This 

was most prevalent in Segment 1, where the effects of the PVQ G-factor on most attitude 

dimensions and the three second-order FRL factors sociability, price and tradition were 

significant. Although several of these relationships were also significant in Segments 2 and 3, 

the effect sizes in these segments were much lower. The findings suggest that individuals in 

Segment 1 were much more prone to yea-saying and nay-saying response styles than 

individuals in Segments 2 and 3.  

Effects of PVQ second-order factor openness versus conservation. In all three segments, 

openness versus conservation had significant positive effects on the two ethnocentrism 

dimensions, local employment and local economy, on attitudes towards food and the 

environment, and on two of the second-order FRL factors, price and tradition. In Segments 2 

and 3, openness versus conservation had significant negative effects on attitude towards 

industrial food production and the second-order FRL factors newness and sociability. The 
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effect sizes were somewhat higher in Segment 3 but still quite small. Participants in Segments 

2 and 3 were more reluctant to try new foods and recipes, they were less prone to go out to 

restaurants with friends and family, and they were more concerned about the potential losses 

of nutritional value in highly processed and industrially manufactured foods than participants 

in Segment 1. 

Effects of PVQ second-order factor self-transcendence versus self-enhancement. In all 

three segments, self-transcendence versus self-enhancement had significant positive effects on 

the second-order FRL factor tradition, and significant negative effects on attitude towards 

food and the environment and the second-order FRL factor newness. In Segment 1, self-

transcendence versus self-enhancement had a significant negative effect on the second-order 

FRL factor sociability. In Segment 2, it had a significant negative effect on the second-order 

FRL factor naturalness. In Segments 2 and 3, self-transcendence versus self-enhancement had 

a significant negative effect on attitude towards technological progress and a significant 

positive effect on the second-order FRL factor convenience.  

Effects of attitude dimensions. In all segments, attitude towards food and the environment 

was positively and rather highly related to the second-order FRL factor naturalness. In 

Segments 1 and 2, there was a negative relationship between attitude towards technological 

progress and the second-order FRL factor sociability, a negative relationship between 

ethnocentrism in terms of the local economy and the second-order FRL factor naturalness, 

and a negative relationship between attitude towards food and the environment and the 

second-order FRL factor convenience. In Segments 2 and 3, attitude towards industrial food 

production was positively related to the second-order FRL factors naturalness and tradition. In 

Segment 2, ethnocentrism in terms of the local economy was also positively related to the 

second-order FRL factor tradition and negatively to price, suggesting that participants in this 

segment equate tradition with domestic products and may be willing to pay higher prices for 
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traditional products. Furthermore, attitude towards food and the environment was positively 

related to the second-order FRL factor price in this segment. In Segment 3, attitude towards 

the natural environment was positively related to the second-order FRL factors tradition, 

attitude towards animal welfare was positively related to the second-order FRL factors price, 

tradition and convenience, and the effect of ethnocentrism in terms of local employment on 

the second-order FRL factor price was positive. This may indicate that the relatively 

conservative individuals in this segment generally associated a higher value with domestic 

products than the members of other segments.  

DISCUSSION AND CONCLUSION 

The aim of the research presented here was to investigate how value orientations, general 

socio-political attitudes and consumer lifestyles are empirically related to each other. Our 

analysis was based on survey data collected from 1931 consumers in Belgium, Denmark, 

Germany and Poland. The survey questionnaire contained measures of personal value 

orientations, a broad range of attitudinal constructs, and food-related lifestyles. The data were 

analysed by means of finite-mixture path analysis, a relatively recent development in 

segmentation methodology that should make it possible to identify segments within the 

general population in which the different classes of attitudinal constructs (values, attitudes, 

lifestyle) are interrelated in such a way that the individuals in one or more of these segments 

can be characterised as “citizen consumers”. The best-fitting model suggested three segments 

that can concisely be characterised as follows: 

 Segment 1 (20%): open and innovative 

 Segment 2 (43%): relatively uninvolved 

 Segment 3 (37%): conservative and value-oriented 
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The citizen-consumer: a surprise 

Unlike previous studies on the interrelationships between values and consumer lifestyles 

(e.g., Brunsø et al., 2004; Homer & Kahle, 1988; Scholderer et al., 2002), the present study 

not only included value and lifestyle measures but also measures of more general socio-

political attitudes such as attitudes towards the natural environment (Dunlap et al., 2000), 

technological progress (Hamstra, 1991), industrial food production (Beckmannet al., 2001), 

food and the environment (Lindeman & Väänänen 2000), animal welfare (Kendall et al., 

2006), and ethnocentrism in terms of attitude towards local employment and attitude towards 

the local economy (Shimp & Sharma, 1987). The reason for including these was a major issue 

discussed in policy circles since the mid-1990s: the rise of the consumer-citizen. Up until 

now, however, only little research has been conducted as to whether such individuals actually 

exist in substantial numbers.  

A key finding of the research presented here is that a segment of “consumer-citizens” can 

indeed be identified: Segment 3 of the best-fitting solution we obtained (37% of the survey 

participants). However—and this may come as a surprise to many actors in policy circles and 

industry—this segment is a conservative segment, not a progressive one. In this segment, 

there is a relatively close connection between personal value orientations, general socio-

political attitudes (such as attitudes towards technological progress, industrial food 

production, and the local economy), and consumer lifestyles (such as preferences for organic 

and traditional foods).  The members of this segment (37% of the participants in the survey) 

prioritised conservationist values such as tradition, conformity and security much higher than 

individuals in the other two segments. Furthermore, they were much more ethnocentric, had 

more positive attitudes towards the natural environment and animal welfare, more sceptical 

attitudes towards industrial food production, and were more concerned about the impact of 
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food production on the environment. The members of this segment also had higher 

preferences for fresh, natural and organic products, more interest in product information, and 

were more concerned about the nutritional value of foods, especially if these foods were 

highly processed. On the other hand, they were also more price-conscious than the other 

segments and were much more likely to endorse traditional gender roles.  

Methodological contributions 

We believe that the particular type of finite-mixture methodology we applied in the 

present research (Arminger & Stein, 1997; Dolan & van der Mass, 1998; Jedidi et al, 1997a, 

1997b) can also be useful in other segmentation studies. Its key characteristic is that not only 

the distances between individuals or the mean levels of the model variables are taken into 

account (as is usual in more traditional segmentation methodologies) but also the effects of 

the model variables onto each other. Hence, the methodology can be usefully applied to all 

segmentation problems where differences in the direction or strength of the causal paths 

between the model variables are the criterion. The drawback is the high number of parameters 

that have to be estimated in such models and, related to that, the risks of underidentification, 

parameter instability and overfitting. In the present paper, we circumvented these problems by 

reducing the dimensionality of the data prior to the analysis. Strictly speaking, this is a 

weakness of the analyses reported here because in the dimensionality reduction step, we 

implicitly assumed invariance in terms of the measurement models linking the observed 

variables to the underlying factors. In situations where model complexity is lower or sample 

size higher, measurement models should explicitly be tested for invariance between segments.  
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Limitations 

A problem related to the actionability of the segmentation solution obtained here is that 

the three segments did not have clear socio-demographic profiles that distinguished them. 

Although such a result that is common in attitude-based segmentation studies, it also poses a 

particular challenge in terms of reaching such segments. At this point, it is not possible to use 

targeted distribution or communication channels to optimise reach. However, the number of 

segments is still so low (3 segments are) and their size still so large (20%, 43%, 37%) that the 

use of mass marketing channels also for targeted offerings appears justifiable.   
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Table 1. Demographic characteristics of participants 

  Belgium Denmark Poland Germany 

  N % N % N % N % 

          
Region of  Urban 164 33.33 160 33.40 160 33.33 160 33.33 
residence Rural and many pigs 168 34.15 159 33.19 160 33.33 160 33.33 
 Rural and few pigs 160 32.52 160 33.40 160 33.33 160 33.33 
          
Gender Male 265 53.86 223 46.56 245 51.04 239 49.79 
 Female 227 46.14 256 53.44 235 48.96 241 50.21 
          
Marital Married 268 54.47 232 48.43 279 58.13 256 53.33 
status Not married but living 

together 
86 17.48 82 17.12 40 8.33 74 15.42 

 Not married. living alone 69 14.02 96 20.04 107 22.29 86 17.92 
 Divorced 59 11.99 55 11.48 42 8.75 50 10.42 
 Widowed 10 2.03 12 2.51 11 2.29 11 2.29 
          
Education Elementary 7 1.42 2 0.42 0 0,00 2 0.42 
level Lower secondary 75 15.24 125 26.10 7 1.46 154 32.08 
 Upper secondary 210 42.68 123 25.68 152 31.67 219 45.63 
 Superior 200 40.65 227 47.39 314 65.42 105 21.88 
          
Age Young 210 42.68 240 50.10 240 50.00 240 50.00 
group Old 282 57.32 239 49.90 240 50.00 240 50.00 
          
Financial Not well off 16 3.25 30 6.26 6 1.25 54 11.25 
status Difficult 51 10.37 28 5.85 19 3.96 100 20.83 
 Modest 147 29.88 111 23.17 97 20.21 167 34.79 
 Reasonable 227 46.14 275 57.41 323 67.29 89 18.54 
 Well off 44 8.94 25 5.22 26 5.42 64 13.33 
          
Current Self-employed farmer 2 0.41 1 0.21 5 1.04 1 0.21 
occupation Self-employed in general 27 5.49 21 4.38 47 9.79 42 8.75 
 Managing employee 41 8.33 31 6.47 50 10.42 16 3.33 
 Salaried employee 129 26.22 151 31.52 174 36.25 135 28.13 
 Skilled worker 35 7.11 66 13.78 16 3.33 33 6.88 
 Unskilled worker 12 2.44 35 7.31 3 0.63 19 3.96 
 Student 21 4.27 40 8.35 49 10.21 23 4.79 
 Retired 78 15.85 81 16.91 59 12.29 75 15.63 
 Unemployed or on leave 49 9.96 18 3.76 13 2.71 74 15.42 
 Not in active employment 48 9.76 21 4.38 20 4.17 31 6.46 
 Other 50 10.16 14 2.92 43 8.96 30 6.25 
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Table 2. Value measures (Portrait Values Questionnaire; adapted from Schwartz et al., 2001) 

Construct Item.  

Power Power01 It is important to him/her to be rich. He/She wants to have a lot of money and 
expensive things. 

Power02 It is important to him/her to get respect from others. He/She wants people to do 
what he/she says. 

Achievement Achieve01 It's important to him/her to show his/her abilities. He/She wants people to admire 
what he/she does. 

Achieve02 Being very successful is important to him/her. He/She hopes people will recognise 
his/her achievements. 

Hedonism Hedo01 Having a good time is important to him/her. he/she likes to spoil him/herself.  
Hedo02 He/She seeks every chance he/she can to have fun. It is important to him/her to do 

things that give him/her pleasure. 

Stimulation Stimul01 He/She likes surprises and is always looking for new things to do. He/She thinks it 
is important to do lots of different things in life.  

Stimul02 He/She looks for adventures and likes to take risks. He/She wants to have an 
exciting life. 

Self-direction Self01 Thinking up new ideas and being creative is important to him/her. He/she likes to 
do things in his/her own original way.  

Self02 It is important to him/her to make his/her own decisions about what he/she does. 
He/She likes to be free and not depend on others. 

Universalism Univer01 He/She thinks it is important that every person in the world should be treated 
equally. He/She believes everyone should have equal opportunities in life.  

Univer02 It is important to him/her to listen to people who are different from him/her. Even 
when he/she disagrees with them, he/she still wants to understand them.  

Univer03 He/She strongly believes that people should care for nature. Looking after the 
environment is important to him/her. 

Benevolence Benevol01 It's very important to him/her to help the people around him/her. He/She wants to 
care for their well-being. 

Benevol02 It is important to him/her to be loyal to his/her friends. He/She wants to devote 
him/herself to people close to him/her. 

Tradition Tradition01 It is important to him/her to be humble and modest. He/She tries not to draw 
attention to him/herself.  

Tradition02 Tradition is important to him/her. He/She tries to follow the customs handed down 
by his/her religion or his/her family. 

Conformity Conformity01 He/She believes that people should do what they're told. He/She thinks people 
should follow rules at all times, even when no-one is watching. 

Conformity02 It is important to him/her always to behave properly. He/She wants to avoid doing 
anything people would say is wrong. 

Security Security01 It's important to him/her to live in secure surroundings. He/She avoids anything 
that might endanger his/her safety. 

Security02 It is important to him/her that the government ensures his/her safety against all 
threats. He/She wants the state to be strong so it can defend its citizens. 
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Table 3. Means and standard deviations of value measures 

 
 

Belgium (NL) Belgium (F) Denmark Poland 
 

Germany 

 M SD M SD M SD M SD M SD 

Selfd01 4.25 1.29 4.29 1.14 4.06 1.40 4.44 1.25  4.49 1.25 
Power01  2.52 1.30 2.87 1.23 2.32 1.19 2.97 1.34  2.71 1.42 

Univer01 4.58 1.29 5.01 1.07 4.57 1.35 4.77 1.22  4.57 1.34 

Achieve01  3.51 1.35 3.68 1.29 3.68 1.34 4.17 1.28  3.41 1.45 

Security01  3.81 1.44 4.51 1.18 3.60 1.47 3.97 1.36  3.88 1.38 

Stimul01 3.97 1.42 4.21 1.24 3.74 1.39 4.26 1.36  3.60 1.45 

Conformity01 3.73 1.41 3.44 1.44 3.42 1.50 3.08 1.43  2.77 1.42 

Univer02 4.31 1.18 4.71 1.06 4.27 1.25 4.34 1.23  4.62 1.12 

Tradition01 4.27 1.40 4.56 1.09 3.17 1.39 3.61 1.41  3.19 1.43 

Hedo01 4.21 1.26 4.51 1.24 4.29 1.23 2.83 1.37  3.94 1.29 

Self02  4.73 1.20 5.04 1.05 4.55 1.29 4.75 1.20  4.94 1.09 

Benevol01 4.66 1.08 4.83 0.99 4.53 1.13 4.53 1.16  4.51 1.21 

Achive02 3.45 1.39 3.77 1.32 3.17 1.36 3.66 1.28  3.76 1.37 

Security02 3.74 1.52 4.37 1.41 3.27 1.48 4.06 1.52  3.33 1.52 

Stimul01 3.00 1.47 3.28 1.37 3.07 1.34 3.77 1.43  2.83 1.43 

Conformity02 4.17 1.39 4.51 1.22 3.32 1.41 3.84 1.38  3.11 1.42 

Power02 3.75 1.26 3.56 1.22 3.39 1.34 2.76 1.36  3.40 1.35 

Benevol02 4.59 1.19 5.29 0.78 4.96 1.08 4.69 1.11  5.05 0.96 

Univer03 4.29 1.30 4.73 1.14 4.68 1.19 4.69 1.19  4.48 1.32 

Tradition02 3.03 1.46 3.80 1.57 3.56 1.46 3.75 1.53  3.07 1.53 
Hedo02 4.11 1.25 4.12 1.35 4.21 1.26 3.03 1.37  3.50 1.39 
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Table 4. Attitude measures 

Construct  Item   

Natural environment Att_en_nat01 Humans are severely abusing the environment.  
Att_en_nat02 If things continue on their present course, we will soon 

experience a major ecological catastrophe. 

Industrial food 
production 

Att_indu_food01 Modern food production removes vitamins and minerals from 
food products.  

Att_indu_food02 Most foods are so processed that they have lost their 
nutritional value. 

Technological progress Att_techprgr01 The degree of civilization of a people can be measured from 
the degree of its technological development. 

Att_techprgr02 New technological inventions and applications make up the 
driving force of the progress of society. 

Animal welfare Att_animal01 It is important that the food that I normally eat has been 
produced in a way that animals have not experienced pain.  

Att_animal02 It is important that the food that I normally eat has been 
produced in a way that animals' rights have been respected. 

Ethnocentrism: Local 
employment 

Att_employm01 B/D/DK/PL- consumers who purchase products made in 
other countries are responsible for putting their fellow 
B/D/DK/PL out of work.  

Att_employm02 Buying B/D/DK/PL produced products supports the local 
community's livelihood. 

Ethnocentrism: Local 
economy 

Att_economy01 B/D/DK/PL products first, last and foremost.  
Att_economy02 A real B/D/DK/PL should always buy B/D/DK/PL -made 

products. 

Food and the 
environment 

Att_landsc_pre01 It is important that the food I eat on typical day has been 
prepared in an environmentally friendly way. 

Att_landsc_pre02 It is important that the food I eat on typical day has been 
produced in a way which has not shaken the balance of 
nature. 
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Table 5. Means and standard deviations of attitude measures  

 
 

Belgium (NL) Belgium (F) Denmark Poland 
 

Germany 

 M SD M SD M SD M SD M SD 

Att_en_nat01  4.55 1.70 5.61 1.48 4.96 1.59 5.36 1.55  5.30 1.51 
Att_en_nat02 4.05 1.53 4.68 1.58 4.45 1.49 4.93 1.58  4.25 1.53 

Att_indu_food01 4.31 1.39 4.99 1.44 4.75 1.44 5.09 1.42  4.17 1.43 
Att_indu_food02 4.18 1.52 4.33 1.63 4.04 1.48 5.37 1.44  3.99 1.47 

Att_techprgr01 5.06 1.26 4.98 1.26 5.00 1.26 5.79 1.25  5.09 1.37 
Att_techprgr02 5.48 1.61 6.15 1.21 6.09 1.19 5.71 1.61  5.85 1.38 

Att_Animal01 5.47 1.58 6.05 1.26 6.00 1.24 5.62 1.51  5.96 1.33 
Att_Animal02 3.23 1.85 3.47 1.77 3.10 1.72 4.09 1.91  3.25 1.81 

Att_employm01 4.88 1.58 5.49 1.30 5.26 1.43 5.63 1.42  5.05 1.50 
Att_employm02 4.05 1.85 4.45 1.75 4.65 1.74 4.83 1.79  3.45 1.87 

Att_economy01 3.44 1.88 4.00 1.81 3.76 1.96 4.35 1.97  2.66 1.82 
Att_economy02 5.26 1.36 5.96 1.11 5.54 1.32 5.64 1.37  5.50 1.32 

Att_landsc_pre01 5.16 1.37 5.83 1.15 5.60 1.26 5.56 1.42  5.56 1.35 
Att_landsc_pre02 4.55 1.70 5.61 1.48 4.96 1.59 5.36 1.55  5.30 1.51 
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Table 6a. Lifestyle measures (Food-related Lifestyle, adapted from Brunsø & Grunert, 1995) 

Domain/Construct Item   

Quality aspects/ 
Health 

APA1_1 I prefer to buy natural products, i.e. products without preservatives 
APA1_2 To me the naturalness of the food that I buy is an important quality 
APA1_3 I try to avoid food products with additives 

Quality aspects/ 
Price – quality 

APA2_1 I always try to get the best quality for the best price 

APA2_2 
I compare prices between product variants in order to get the best value for 
money 

APA2_3 It is important for me to know that I get quality for all my money 

Quality aspects/ 
Novelty 

APA3_1 I love to try recipes from foreign countries 
APA3_2 I like to try new foods that I have never tasted before 
APA3_3 Well-known recipes are indeed the best 

Quality aspects/ 
Organic product 

APA4_1 I always buy organically grown food products if I have the opportunity 
APA4_2 I make a point of using natural or ecological food products 
APA4_3 I don't mind paying a premium for ecological products 

Quality aspects/ 
Taste 

APA5_1 I find taste in food products important 
APA5_2 When cooking, I first and foremost consider taste 

APA5_3 
It is more important to choose food products for their nutritional value 
rather than for their taste 

Quality aspects/ 
Freshness 

APA6_1 I prefer fresh products to canned or frozen products 
APA6_2 It is important to me that food products are fresh 
APA6_3 I prefer to buy fresh meat and vegetables rather than pre-packed 

Cooking methods/ 
Interest in cooking 

CS1_1 I like to have ample time in the kitchen 
CS1_2 Cooking is a task that is best over and done with 
CS1_3 I don't like spending too much time on cooking 

Cooking methods/ 
Looking for new ways 

CS2_1 I like to try out new recipes 
CS2_2 I look for ways to prepare unusual meals 

CS2_3 
Recipes and articles on food from other culinary traditions make me 
experiment in the kitchen 

Cooking methods/ 
Convenience 

CS3_1 
Frozen foods account for a large part of the food products I use in our 
household 

CS3_2 We use a lot of ready-to-eat foods in our household 
CS3_3 I use a lot of mixes, for instance baking mixes and powder soups 

Cooking methods/ 
Whole family 

CS4_1 
The kids or other members of the family always help in the kitchen, for 
example they peel the potatoes and cut the vegetables. 

CS4_2 
My family helps with other mealtime chores, such as setting the table and 
doing the dishes 

CS4_3 
When I do not really feel like cooking, I can get one of the other members 
of my family to do it 

Cooking methods/ 
Planning 

CS5_1 What we are going to have for supper is often a last-minute decision 
CS5_2 Cooking needs to be planned in advance 
CS5_3 I always plan what we are going to eat a couple of days in advance 

Cooking methods/ 
Women’s task 

CS6_1 I consider the kitchen to be the woman’s domain 

CS6_2 
It is the woman’s responsibility to keep the family healthy by serving a 
nutritious diet 

CS6_3 
Nowadays the responsibility for shopping and cooking ought to lie just as 
much with the husband as with the  wife 
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Table 6b. Lifestyle measures (continued) 

Domain/Construct Item   

Purchasing motives/ 
Self-fulfilment in 
food 

CO1_1 Being praised for my cooking adds a lot to my self-esteem 

CO1_2 
Eating is to me a matter of touching, smelling, tasting and seeing, all the 
senses are involved. It is a very exciting sensation 

CO1_3 I am an excellent cook 

Purchasing motives/ 
Security 
 

CO2_1 I dislike everything that might change my eating habits 
CO2_2 I only buy and eat foods which are familiar to me 
CO2_3 A familiar dish gives me a sense of security 

Purchasing motives/ 
Social relationship 

CO3_1 Dining with friends is an important part of my social life 

CO3_2 
When I serve a dinner to friends, the most important thing is that we are 
together 

CO3_3 Over a meal one may have a lovely chat 

Ways of shopping/ 
Importance of 
product information 

SC1_1 
To me product information is of high importance. I need to know what the 
product contains 

SC1_2 I compare labels to select the most nutritious food 
SC1_3 I compare product information labels to decide which brand to buy 

Ways of shopping/ 
Attitudes to 
advertising 

SC2_1 
I have more confidence in food products that I have seen advertised than in 
unadvertised products 

SC2_2 I am influenced by what people say about a food product 
SC2_3 Information from advertising helps me to make better buying decisions 

Ways of shopping/ 
Enjoyment from 
shopping 

SC3_1 Shopping for food does not interest me at all 
SC3_2 I just love shopping for food 
SC3_3 Shopping for food is like a game to me 

Ways of shopping/ 
Speciality shops 

SC4_1 I do not see any reason to shop in speciality food stores 

SC4_2 
I like buying food products in speciality stores where I can get expert 
advice 

SC4_3 
I like to know what I am buying, so I often ask questions in stores where I 
shop for food 

Ways of shopping/ 
Price criteria 

SC5_1 I always check prices, even on small items 
SC5_2 I notice when products I buy regularly change in price 

SC5_3 
I look for ads in the newspaper for store specials and plan to take 
advantage of them when I go shopping 

Ways of shopping/ 
Shopping list 

SC6_1 Before I go shopping for food, I make a list of everything I need 
SC6_2 I make a shopping list to guide my food purchases 
SC6_3 Usually I do not decide what to buy until I am in the shop 

Consumption 
situations/       
Snacks versus meals 

US1_1 
I eat before I get hungry, which means that I am never hungry at meal 
times 

US1_2 I eat whenever I feel the slightest bit hungry 
US1_3 In our house, nibbling has taken over and replaced set eating hours 

Consumption 
situations/  
Social events 

US2_1 Going out for dinner is a regular part of our eating habits 
US2_2 We often get together with friends to enjoy an easy-to-cook, casual dinner 
US2_3 I enjoy going to restaurants with my family and friends 
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Table 7a. Means and standard deviations of lifestyle measures  

  Belgium (NL) Belgium (F) Denmark Poland  Germany 

 M SD M SD M SD M SD M SD 

SC1_1 4.85 1.60 5.02 1.56 5.29 1.62 5.36 1.51  4.75 1.70 

CS4_1 3.65 1.85 3.66 1.96 3.98 1.85 4.47 1.80  4.39 1.89 

CO2_2 3.58 1.65 3.82 1.70 3.32 1.75 4.23 1.69  3.63 1.63 

SC3_1 2.67 1.62 2.95 1.83 2.61 1.70 2.21 1.51  2.32 1.56 

APA5_1 6.11 0.99 6.15 0.90 6.19 0.95 6.33 0.94  6.24 0.95 

SC6_3 3.71 1.68 3.23 1.76 3.31 1.78 3.95 1.72  3.12 1.77 

APA2_3 6.40 0.86 6.20 0.97 5.67 1.25 6.60 1.15  5.77 1.24 

APA3_3 4.31 1.49 4.02 1.56 3.62 1.54 4.31 1.65  4.16 1.42 

APA4_2 3.71 1.58 4.55 1.53 4.41 1.84 5.04 1.55  3.18 1.71 

US1_1 2.79 1.51 2.39 1.41 2.27 1.45 3.30 1.63  2.25 1.42 

SC1_3 4.35 1.76 4.88 1.74 4.42 1.71 4.99 1.55  4.41 1.67 

SC4_2 3.30 1.62 3.67 1.80 4.17 1.78 4.41 1.67  3.51 1.69 
APA2_2 5.63 1.42 5.88 1.17 5.37 1.47 5.63 1.50  5.85 1.36 

CS3_2 2.24 1.40 3.18 1.66 2.58 1.59 3.11 1.62  2.67 1.65 

SC5_2 5.53 1.55 5.60 1.46 5.53 1.61 5.58 1.64  5.97 1.37 

APA4_1 2.79 1.70 3.21 1.81 3.69 2.07 4.52 1.51  3.42 1.80 

CO3_1 4.50 1.67 4.15 1.76 4.39 1.77 3.82 1.79  4.40 1.76 

CS1_3 3.38 1.85 3.43 1.97 3.75 1.84 4.16 1.90  3.75 1.91 

CO2_1 3.23 1.59 3.26 1.58 2.90 1.53 3.67 1.63  2.57 1.50 

SC2_1 2.58 1.55 2.90 1.55 2.19 1.41 3.47 1.69  2.18 1.43 

APA5_2 5.69 1.07 5.72 1.23 5.54 1.19 5.98 1.14  5.82 1.07 

APA6_1 5.38 1.46 5.70 1.37 5.59 1.46 5.96 1.41  5.12 1.53 

US1_3 1.56 0.99 1.93 1.28 2.17 1.51 2.96 1.65  3.08 1.77 

CS2_2 5.39 1.49 4.52 1.54 3.96 1.66 4.84 1.69  4.45 1.50 

SC4_1 4.48 1.59 4.41 1.64 3.41 1.80 3.93 1.75  3.99 1.79 

CS6_2 3.96 1.94 3.35 2.05 2.18 1.63 3.66 2.06  2.86 1.86 

US2_1 3.95 1.87 3.72 1.84 2.99 1.69 2.04 1.40  2.19 1.53 

SC5_3 4.89 1.81 4.84 1.83 4.21 2.10 3.46 1.75  5.43 1.68 

SC1_2 3.96 1.64 3.83 1.58 4.10 1.72 4.30 1.82  3.96 1.67 

APA4_3 3.34 1.76 3.43 1.80 4.27 2.09 4.79 1.58  3.37 1.83 

CS5_3 3.33 1.82 3.81 2.06 3.05 1.80 3.16 1.74  3.72 1.89 

CS6_3 5.92 1.39 6.06 1.42 6.21 1.33 6.60 1.49  6.60 1.34 

CO2_3 4.94 1.35 4.62 1.47 3.91 1.63 4.84 1.62  4.46 1.55 

CS4_2 5.33 1.78 4.95 1.92 5.29 1.75 4.82 1.79  5.17 1.78 
APA1_2 4.89 1.48 5.37 1.36 5.20 1.40 5.23 1.42  5.02 1.39 

 
 



91 

Table 7b. Means and standard deviations of lifestyle measures (continued) 

  Belgium (NL) Belgium (F) Denmark Poland  Germany 

 M SD M SD M SD M SD M SD 

SC4_3 3.57 1.71 3.71 1.76 3.68 1.75 4.41 1.72  3.10 1.68 

CS2_3 4.65 1.79 4.89 1.64 4.57 1.85 4.84 1.69  4.73 1.68 

CO3_3 5.76 1.36 5.59 1.29 5.83 1.22 6.06 1.22  5.45 1.39 

APA6_2 6.12 1.08 6.20 1.17 6.10 1.18 6.49 0.97  5.86 1.19 

APA3_1 4.77 1.76 5.07 1.69 4.75 1.80 5.45 1.54  4.79 1.71 

SC5_1 5.25 1.63 5.62 1.50 5.04 1.78 4.83 1.79  5.24 1.69 

US2_3 5.31 1.62 5.64 1.49 5.50 1.66 4.13 1.91  4.46 1.82 

CS1_1 4.93 1.53 5.16 1.61 4.90 1.63 3.93 1.74  5.37 1.42 

SC2_2 4.18 1.37 3.62 1.52 3.51 1.60 4.57 1.42  2.70 1.49 

US2_2 3.27 1.66 3.63 1.65 3.72 1.67 3.76 1.65  3.03 1.70 

SC3_3 3.33 1.61 4.16 1.60 4.07 1.69 3.95 1.65  3.61 1.71 

SC6_1 5.12 1.77 5.18 1.90 5.02 1.91 5.13 1.79  5.13 1.88 
APA6_3 5.53 1.49 5.53 1.51 5.52 1.54 5.99 1.32  5.19 1.65 

APA1_3 4.31 1.57 4.63 1.49 4.52 1.72 5.06 1.62  4.56 1.60 

APA5_3 3.53 1.45 3.67 1.50 3.66 1.51 3.50 1.65  3.50 1.52 

CO1_1 5.90 1.27 5.06 1.60 4.71 1.58 5.85 1.33  4.96 1.67 

CS3_1 3.86 1.64 3.74 1.58 3.65 1.60 3.39 1.63  3.03 1.42 

SC3_2 4.86 1.59 4.59 1.66 3.87 1.57 4.47 1.60  4.67 1.58 

CO1_3 4.31 1.57 4.69 1.67 4.67 1.67 4.63 1.69  4.36 1.65 

CO3_2 5.29 1.36 5.82 1.30 5.54 1.42 5.51 1.46  5.14 1.63 

APA1_1 4.50 1.59 5.01 1.61 4.82 1.75 5.68 1.42  4.41 1.71 

CS6_1 2.56 1.78 2.78 1.93 2.20 1.62 3.22 1.98  2.34 1.72 

SC2_3 3.72 1.65 3.74 1.51 3.54 1.85 3.79 1.60  3.57 1.69 

CS3_3 2.24 1.34 2.52 1.39 2.60 1.57 3.07 1.67  3.19 1.67 

SC6_2 5.13 1.81 5.19 1.97 5.13 1.88 4.96 1.80  5.14 1.89 

CS5_1 3.64 1.68 3.61 1.83 4.10 1.89 4.94 1.75  3.72 1.66 

CS1_2 3.16 1.75 2.88 1.80 3.54 1.75 3.03 1.90  3.61 1.76 

CO1_2 5.16 1.56 5.62 1.49 5.13 1.57 5.33 1.59  5.81 1.27 

APA2_1 5.82 1.17 6.02 1.21 5.93 1.27 5.78 1.42  5.40 1.38 

US1_2 3.30 1.52 3.55 1.74 3.08 1.61 3.56 1.74  2.89 1.57 

CS5_2 4.49 1.49 4.12 1.74 4.45 1.52 4.60 1.62  4.30 1.70 

APA3_2 5.09 1.34 5.14 1.54 5.23 1.53 5.75 1.39  4.95 1.62 

CS4_3 4.34 2.14 4.13 2.20 4.61 2.02 4.98 1.91  4.60 1.95 
CS2_1 5.26 1.51 5.35 1.63 5.36 1.54 5.54 1.48  5.40 1.49 
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Table 8. Measurement invariance analysis 

  

ML χ² 

Satorra-
Bentler scaled 

χ² 

    Satorra-
Bentler 

scaled Δχ² 

    

Model Constraints relaxed df RMSEA Δdf p 

Value measures        

0 No difference 4703.619 5347.885 1152 0.097       
1 Factor means 3402.575 3327.358 1112 0.072 419.962 40 0.000 
2 Error variances 3099.216 2894.834 1029 0.069 709.508 83 0.000 
3 Factor covariances 2588.303 2398.954 808 0.071 491.189 221 0.000 
4 Item intercepts 1674.307 1424.737 764 0.047 1543.559 44 0.000 
5 Factor loadings 1605.424 1372.208 720 0.048 54.649 44 0.130 

Attitude measures        

0 No difference 2035.626 1835.861 532 0.080       
1 Factor means 1313.636 1089.275 504 0.055 1127.988 28 0.000 
2 Error variances 1033.312 902.186 448 0.051 165.773 56 0.000 
3 Factor covariances 724.868 649.306 336 0.049 250.31 112 0.000 
4 Item intercepts 575.727 503.080 308 0.041 184.573 28 0.000 
5 Factor loadings 512.612 443.577 280 0.039 61.151 28 0.000 

FRL domain APA        

0 No difference 3871.071 3376.899 876 0.086       
1 Factor means 3382.717 2873.266 852 0.078 10398.352 24 0.000 
2 Error variances 3058.484 2634.187 780 0.078 239.609 72 0.000 
3 Factor covariances 2750.186 2326.027 696 0.078 313.072 84 0.000 
4 Item intercepts 2087.710 1705.745 648 0.065 1066.636 48 0.000 
5 Factor loadings 1901.802 1575.523 600 0.065 129.609 48 0.000 

FRL domain CO        

0 No difference 1493.867 1423.510 240 0.113    
1 Factor means 1241.943 1119.216 228 0.101 2653.674 12 0.000 
2 Error variances 1100.442 1008.283 192 0.105 117.234 36 0.000 
3 Factor covariances 1064.827 976.520 168 0.112 32.430 24 0.117 
4 Item intercepts 481.071 401.207 144 0.068 1330.783 24 0.000 
5 Factor loadings 474.489 188.144 120 0.038 1.215 24 1.000 

FRL domain CS        

0 No difference 3743.933 4068.068 876 0.097    
1 Factor means 3364.659 3364.029 852 0.087 198.066 24 0.000 
2 Error variances 2955.811 2883.077 780 0.084 560.900 72 0.000 
3 Factor covariances 2773.491 2703.140 696 0.086 178.988 84 0.000 
4 Item intercepts 1461.604 1302.916 648 0.051 4916.129 48 0.000 
5 Factor loadings 1259.215 1112.272 600 0.047 203.848 48 0.000 

FRL domain SC         

0 No difference 3837.353 4099.994 876 0.098    
1 Factor means 3228.296 3193.219 852 0.084 352.440 24 0.000 
2 Error variances 2979.290 2888.771 780 0.084 314.987 72 0.000 
3 Factor covariances 2815.478 2748.751 696 0.087 150.310 84 0.000 
4 Item intercepts 1752.778 1555.996 648 0.060 2990.909 48 0.000 
5 Factor loadings 1599.100 1402.613 600 0.059 160.714 48 0.000 

FRL domain US        

0 No difference 1416.228 1616.428 116 0.183    
1 Factor means 918.700 860.384 108 0.134 290.801 8 0.000 
2 Error variances 710.852 657.549 84 0.133 203.516 24 0.000 
3 Factor covariances 658.004 649.508 72 0.144 35.493 12 0.000 
4 Item intercepts 130.460 112.443 56 0.051 1059.219 16 0.000 
5 Factor loadings 99.380 87.182 40 0.055 25.664 16 0.059 
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Table 9. Finite mixture path analysis results: goodness-of-fit and model comparison measures 

Number of 
Segments 

Goodness of fit measures 

Number of 
Parameters 

Ratio of Change 

Log-Likelihood AIC BIC AIC BIC 

1 -32109.56 64463.12 65142.15 122   
2 -31363.22 63160.44 64368.22 217 1.000 1.000 
3 -30938.66 62501.32 64237.85 312 0.506 0.168 
4 -30717.32 62248.63 64513.91 407 0.194 -0.357 
5 -30539.37 62082.74 64876.77 502 0.127 -0.469 
6 -30360.89 61915.77 65238.55 597 0.128 -0.467 
7 -30258.41 61900.83 65752.36 692 0.011 -0.664 
8 -30091.76 61755.51 66135.79 787 0.112 -0.495 
9 -29904.48 61572.95 66481.98 882 0.140 -0.447 

10 -29935.80 61825.59 67263.37 977 -0.194 -1.010 
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Table 10a. Standardised path coefficient estimates  

  
Segment 1: 
Innovative 

Segment 2: 
Uninvolved 

Segment 2: 
Conservative 

Path from Path to Coeff. p Coeff. p Coeff. p 

PVQ²-G factor 
Attitude towards the 
environment 

.322 .001 .071 .030 .072 .243 

PVQ²-G factor 
Attitude towards industrial 
food production 

.284 .011 .108 .002 .187 .002 

PVQ²-G factor 
Attitude towards 
technological progress 

.257 .006 .128 .000 .179 .000 

PVQ²-G factor 
Attitude towards animal 
welfare 

.343 .001 .223 .000 .164 .005 

PVQ²-G factor 
Ethnocentrism-
Employment 

.310 .003 .107 .053 .105 .070 

PVQ²-G factor Ethnocentrism-Economy .101 .369 .062 .239 .104 .075 

PVQ²-G factor 
Attitude towards food and 
the environment 

.327 .001 .240 .000 .164 .000 

PVQ²-G factor FRL²-Naturalness -.017 .849 .016 .640 .179 .000 
PVQ²-G factor FRL²-Newness .121 .120 .115 .001 .144 .002 
PVQ²-G factor FRL²-Sociability .230 .004 .313 .000 .347 .000 
PVQ²-G factor FRL²-Price .249 .000 .091 .017 .034 .390 
PVQ²-G factor FRL²-Tradition .204 .002 .057 .077 .119 .011 
PVQ²-G factor FRL²-Convenience .065 .484 .084 .051 .063 .229 
PVQ²-Openness vs 
conservation 

Attitude towards the 
environment 

.083 .355 .051 .124 .072 .094 

PVQ²-Openness vs 
conservation 

Attitude towards industrial 
food production 

.080 .302 .078 .023 .124 .005 

PVQ²-Openness vs 
conservation 

Attitude towards 
technological progress 

.045 .627 -.010 .786 .047 .365 

PVQ²-Openness vs 
conservation 

Attitude towards animal 
welfare 

.106 .091 .083 .010 .069 .186 

PVQ²-Openness vs 
conservation 

Ethnocentrism-
Employment 

.182 .032 .299 .000 .169 .002 

PVQ²-Openness vs 
conservation 

Ethnocentrism-Economy .192 .007 .271 .000 .167 .004 

PVQ²-Openness vs 
conservation 

Attitude towards food and 
the environment 

.236 .001 .183 .000 .193 .000 

PVQ²-Openness vs 
conservation 

FRL²-Naturalness -.022 .758 -.075 .034 .047 .262 

PVQ²-Openness vs 
conservation 

FRL²-Newness -.150 .074 -.129 .000 -.170 .000 

PVQ²-Openness vs 
conservation 

FRL²-Sociability -.048 .485 -.067 .047 -.179 .000 

PVQ²-Openness vs 
conservation 

FRL²-Price .153 .035 .122 .002 .138 .001 

PVQ²-Openness vs 
conservation 

FRL²-Tradition .123 .031 .076 .028 .115 .007 

PVQ²-Openness vs 
conservation 

FRL²-Convenience .009 .905 -.031 .434 .009 .844 
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Table 10b. Standardised path coefficient estimates (continued) 

  
Segment 1: 
Innovative 

Segment 2: 
Uninvolved 

Segment 2: 
Conservative 

Path from Path to Coeff. p Coeff. p Coeff. p 

PVQ²-Self-transcendence vs 
self-enhancement 

Attitude towards the 
environment 

-.001 .987 -.059 .078 .042 .347 

PVQ²-Self-transcendence vs 
self-enhancement 

Attitude towards industrial 
food production 

.013 .875 -.004 .900 .007 .897 

PVQ²-Self-transcendence vs 
self-enhancement 

Attitude towards 
technological progress 

.139 .104 .164 .000 .157 .000 

PVQ²-Self-transcendence vs 
self-enhancement 

Attitude towards animal 
welfare 

-.085 .219 -.072 .021 -.028 .564 

PVQ²-Self-transcendence vs 
self-enhancement 

Ethnocentrism-
Employment 

.013 .905 .032 .504 -.027 .591 

PVQ²-Self-transcendence vs 
self-enhancement 

Ethnocentrism-Economy .000 .997 .084 .079 .052 .297 

PVQ²-Self-transcendence vs 
self-enhancement 

Attitude towards food and 
the environment 

-.354 .000 -.310 .000 -.277 .000 

PVQ²-Self-transcendence vs 
self-enhancement 

FRL²-Naturalness -.067 .417 -.104 .002 -.061 .184 

PVQ²-Self-transcendence vs 
self-enhancement 

FRL²-Newness -.161 .047 -.144 .000 -.126 .008 

PVQ²-Self-transcendence vs 
self-enhancement 

FRL²-Sociability -.211 .005 -.097 .006 -.067 .129 

PVQ²-Self-transcendence vs 
self-enhancement 

FRL²-Price .026 .730 -.070 .058 -.095 .059 

PVQ²-Self-transcendence vs 
self-enhancement 

FRL²-Tradition .178 .009 .173 .000 .220 .000 

PVQ²-Self-transcendence vs 
self-enhancement 

FRL²-Convenience .063 .438 .164 .000 .134 .006 

Attitude towards the 
environment 

FRL²-Naturalness -.034 .706 -.053 .227 -.005 .906 

Attitude towards the 
environment 

FRL²-Newness -.114 .152 -.013 .705 -.042 .390 

Attitude towards the 
environment 

FRL²-Sociability -.022 .772 .016 .669 .014 .755 

Attitude towards the 
environment 

FRL²-Price -.076 .232 .037 .343 .072 .180 

Attitude towards the 
environment 

FRL²-Tradition .093 .186 .050 .186 .173 .001 

Attitude towards the 
environment 

FRL²-Convenience -.018 .817 .018 .610 .012 .798 

Attitude towards industrial 
food production 

FRL²-Naturalness -.014 .863 .134 .000 .114 .010 

Attitude towards industrial 
food production 

FRL²-Newness -.001 .991 -.109 .004 .038 .422 

Attitude towards industrial 
food production 

FRL²-Sociability .067 .379 -.039 .290 -.002 .958 

Attitude towards industrial 
food production 

FRL²-Price -.007 .923 .070 .100 -.015 .699 
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Table 10c. Standardised path coefficient estimates (continued) 

  
Segment 1: 
Innovative 

Segment 2: 
Uninvolved 

Segment 2: 
Conservative 

Path from Path to Coeff. p Coeff. p Coeff. p 

Attitude towards industrial food 
production 

FRL²-Tradition .107 .165 .181 .000 .144 .001 

Attitude towards industrial food 
production 

FRL²-Convenience .020 .784 -.047 .197 -.041 .362 

Attitude towards technological 
progress 

FRL²-Naturalness .069 .309 -.083 .023 .054 .228 

Attitude towards technological 
progress 

FRL²-Newness .130 .065 .025 .482 .018 .689 

Attitude towards technological 
progress 

FRL²-Sociability .172 .001 .149 .000 .073 .091 

Attitude towards technological 
progress 

FRL²-Price -.023 .734 .053 .174 .066 .104 

Attitude towards technological 
progress 

FRL²-Tradition .036 .503 .056 .112 .090 .041 

Attitude towards technological 
progress 

FRL²-Convenience .001 .991 .009 .813 .057 .215 

Attitude towards animal welfare FRL²-Naturalness .069 .413 .008 .830 .088 .020 
Attitude towards animal welfare FRL²-Newness -.015 .859 .042 .236 .048 .277 
Attitude towards animal welfare FRL²-Sociability .064 .387 .043 .231 .074 .063 
Attitude towards animal welfare FRL²-Price .009 .908 -.005 .899 .101 .017 
Attitude towards animal welfare FRL²-Tradition .047 .497 .043 .221 .111 .014 
Attitude towards animal welfare FRL²-Convenience -.056 .483 .024 .549 .131 .003 
Ethnocentrism-Employment FRL²-Naturalness .025 .818 .053 .197 -.032 .512 
Ethnocentrism-Employment FRL²-Newness .154 .110 .088 .048 -.052 .287 
Ethnocentrism-Employment FRL²-Sociability -.088 .240 -.030 .467 -.058 .229 
Ethnocentrism-Employment FRL²-Price .009 .908 .058 .177 .206 .000 
Ethnocentrism-Employment FRL²-Tradition .026 .690 .020 .614 -.015 .760 
Ethnocentrism-Employment FRL²-Convenience -.033 .724 -.057 .168 -.043 .428 
Ethnocentrism-Economy FRL²-Naturalness .173 .012 .118 .023 .073 .185 
Ethnocentrism-Economy FRL²-Newness .078 .344 -.006 .898 -.010 .856 
Ethnocentrism-Economy FRL²-Sociability -.069 .417 -.053 .178 .040 .427 
Ethnocentrism-Economy FRL²-Price .057 .442 -.102 .026 .003 .950 
Ethnocentrism-Economy FRL²-Tradition .105 .181 .194 .000 .102 .054 
Ethnocentrism-Economy FRL²-Convenience -.039 .642 -.018 .696 -.074 .145 
Attitude towards food and the 
environment 

FRL²-Naturalness .476 .000 .469 .000 .411 .000 

Attitude towards food and the 
environment 

FRL²-Newness -.072 .347 .013 .742 .159 .002 

Attitude towards food and the 
environment 

FRL²-Sociability -.044 .560 .043 .299 .038 .507 

Attitude towards food and the 
environment 

FRL²-Price .092 .180 .139 .001 .086 .088 

Attitude towards food and the 
environment 

FRL²-Tradition -.007 .913 .029 .467 .073 .157 

Attitude towards food and the 
environment 

FRL²-Convenience -.223 .003 -.167 .000 -.065 .281 
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Table 11a. Mean profiles of segments and pairwise differences 

 

Segment 1: 
Innovative 

Segment 2: 
Uninvolved 

Segment 2: 
Conservative 

Difference between 

 
Segment 1 

and 2 
Segment 1 

and 3 
Segment 2 

and 3 

Item Mean  Mean  Mean Mean ∆12 Mean ∆13 Mean ∆23 

Self01 4.47 4.24 4.38 -0,24* -0.10 0.14 
Power01 2.67 2.64 2.69 -0.03 0.02 0.06 
Univer01 4.83 4.60 4.69 -0,23* -0.14 0.09 
Achieve01 3.68 3.62 3.87 -0.07 0.19 0.25* 
Security01 3.72 3.76 4.13 0.05 0.42* 0.37* 
Stimul01 4.05 3.83 4.01 -0.22 -0.04 0.18* 
Conformity01 3.12 3.18 3.36 0.06 0.24 0.18 
Univer02 4.59 4.41 4.36 -0.18 -0.23* -0.05 
Tradition01 3.42 3.54 3.75 0.12 0.33* 0.21* 
Hedo01 3.83 3.82 3.89 -0.01 0.06 0.07 
Self02 4.96 4.69 4.82 -0,27* -0.14 0.14 
Benevol01 4.60 4.55 4.60 -0.05 -0.00 0.05 
Achive02 3.48 3.49 3.64 0.01 0.16 0.15 
Security02 3.31 3.51 4.04 0.20 0.73* 0.53* 
Stimul01 3.29 3.12 3.27 -0.17 -0.02 0.14 
Conformity02 3.43 3.60 3.81 0.17 0.39* 0.22* 
Power02 3.37 3.30 3.30 -0.07 -0.07 0.01 
Benevol02 4.99 4.85 4.89 -0.15 -0.10 0.05 
Univer03 4.50 4.47 4.77 -0.02 0.27* 0.29* 
Tradition02 3.02 3.38 3.65 0,36* 0.63* 0.27* 
Hedo02 3.67 3.69 3.78 0.02 0.12 0.09 
Att_en_nat01 5.68 5.71 6.07 0.03 0.39* 0.36* 
Att_en_nat02 4.89 5.02 5.42 0.13 0.53* 0.40* 
Att_indu_food01 4.13 4.37 4.80 0.24 0.66* 0.43* 
Att_indu_food02 4.31 4.51 4.97 0.20 0.66* 0.46* 
Att_techprgr01 3.99 4.25 4.84 0.27 0.85* 0.59* 
Att_techprgr02 5.26 5.04 5.53 -0.22 0.28* 0.50* 
Att_animal01 5.81 5.67 6.14 -0.14 0.33* 0.47* 
Att_animal02 5.68 5.66 6.12 -0.02 0.44* 0.47* 
Att_employm01 1.49 2.98 5.03 1,49* 3.54* 2.05* 
Att_employm02 3.38 5.05 6.41 1,66* 3.03* 1.37* 
Att_economy01 1.83 3.86 6.03 2,03* 4.21* 2.18* 
Att_economy02 1.40 3.08 5.42 1,68* 4.02* 2.34* 
Att_landsc_pre01 5.16 5.36 6.01 0.20 0.86* 0.66* 
Att_landsc_pre02 5.18 5.31 6.04 0.13 0.86* 0.73* 
SC1_1 4.97 4.90 5.41 -0.07 0.44* 0.51* 
CS4_1 3.96 4.09 4.24 0.13 0.28 0.16 
CO2_2 3.31 3.56 4.13 0.26 0.82* 0.56* 
SC3_1 2.31 2.51 2.50 0.20 0.19 -0.01 
APA5_1 6.34 6.12 6.33 -0,22* -0.00 0.22* 
SC6_3 3.33 3.52 3.48 0.18 0.15 -0.03 
APA2_3 5.95 5.82 6.16 -0.13 0.21* 0.34* 
APA3_3 3.67 3.94 4.48 0,27* 0.81* 0.54* 
APA4_2 3.92 4.03 4.47 0.11 0.55* 0.44* 
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Table 11b. Mean profiles of segments and pairwise differences (continued) 

 

Segment 1: 
Innovative 

Segment 2: 
Uninvolved 

Segment 2: 
Conservative 

Difference between 

 
Segment 1 

and 2 
Segment 1 

and 3 
Segment 2 

and 3 

Item Mean  Mean  Mean Mean ∆12 Mean ∆13 Mean ∆23 

US1_1 2.38 2.62 2.72 0.23 0.34* 0.11 
SC1_3 4.51 4.40 4.93 -0.11 0.42* 0.52* 
SC4_2 3.63 3.72 4.23 0.09 0.60* 0.51* 
APA2_2 5.51 5.56 5.84 0.04 0.32* 0.28* 
CS3_2 2.71 2.80 2.61 0.10 -0.10 -0.20* 
SC5_2 5.49 5.55 5.90 0.06 0.41* 0.35* 
APA4_1 3.43 3.53 3.90 0.10 0.47* 0.38* 
CO3_1 4.06 4.05 4.36 -0.01 0.30 0.31* 
CS1_3 3.70 3.77 3.78 0.07 0.08 0.01 
CO2_1 2.83 3.00 3.38 0.17 0.55* 0.38* 
SC2_1 2.24 2.61 2.83 0,37* 0.59* 0.22* 
APA5_2 5.64 5.66 5.98 0.02 0.33* 0.32* 
APA6_1 5.38 5.43 5.79 0.05 0.41* 0.36* 
US1_3 2.35 2.47 2.52 0.12 0.17 0.05 
CS2_2 4.65 4.57 4.59 -0.08 -0.07 0.02 
SC4_1 3.84 3.95 4.00 0.11 0.16 0.05 
CS6_2 2.54 2.99 3.57 0,45* 1.03* 0.58* 
US2_1 2.97 2.74 2.77 -0.23 -0.20 0.03 
SC5_3 4.00 4.53 4.66 0,53* 0.66* 0.14 
SC1_2 3.82 3.98 4.33 0.16 0.51* 0.35* 
APA4_3 3.78 3.84 4.18 0.06 0.39* 0.33* 
CS5_3 3.27 3.25 3.58 -0.02 0.32 0.34* 
CS6_3 6.10 6.02 6.05 -0.08 -0.05 0.03 
CO2_3 4.05 4.41 4.89 0,37* 0.84* 0.47* 
CS4_2 5.08 5.05 5.19 -0.02 0.12 0.14 
APA1_2 4.96 4.98 5.44 0.02 0.47* 0.45* 
SC4_3 3.48 3.55 4.06 0.06 0.58* 0.52* 
CS2_3 4.92 4.67 4.69 -0.25 -0.23 0.02 
CO3_3 5.82 5.65 5.91 -0.17 0.09 0.26* 
APA6_2 6.05 6.01 6.42 -0.03 0.37* 0.41* 
APA3_1 5.26 4.97 4.81 -0,29* -0.45* -0.16 
SC5_1 4.95 5.00 5.41 0.06 0.46* 0.41* 
US2_3 4.91 4.86 4.91 -0.05 -0.00 0.05 
CS1_1 4.92 4.73 4.88 -0.19 -0.05 0.15 
SC2_2 3.49 3.70 3.79 0.21 0.30* 0.09 
US2_2 3.46 3.36 3.67 -0.10 0.21 0.31* 
SC3_3 3.72 3.73 3.98 0.00 0.26 0.26* 
SC6_1 4.99 5.01 5.32 0.02 0.33 0.31* 
APA6_3 5.38 5.40 5.89 0.02 0.51* 0.48* 
APA1_3 4.47 4.51 4.93 0.04 0.46* 0.42* 
APA5_3 3.17 3.48 3.85 0,31* 0.69* 0.37* 
CO1_1 5.14 5.20 5.50 0.06 0.36* 0.30* 
CS3_1 3.29 3.50 3.51 0.21 0.22 0.01 
SC3_2 4.48 4.40 4.51 -0.08 0.024 0.10 
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Table 11c. Mean profiles of segments and pairwise differences (continued) 

 

Segment 1: 
Innovative 

Segment 2: 
Uninvolved 

Segment 2: 
Conservative 

Difference between 

 
Segment 1 

and 2 
Segment 1 

and 3 
Segment 2 

and 3 

Item Mean  Mean  Mean Mean ∆12 Mean ∆13 Mean ∆23 

CO1_3 4.67 4.43 4.61 -0.24 -0.06 0.18 
CO3_2 5.34 5.31 5.61 -0.02 0.27* 0.30* 
APA1_1 4.79 4.74 5.19 -0.05 0.39* 0.44* 
CS6_1 2.20 2.46 2.85 0.26 0.65* 0.39* 
SC2_3 3.43 3.67 3.75 0.24 0.32* 0.08 
CS3_3 2.79 2.81 2.78 0.01 -0.02 -0.03 
SC6_2 5.10 5.04 5.20 -0.07 0.10 0.16 
CS5_1 4.05 4.10 4.10 0.06 0.05 -0.01 
CS1_2 3.19 3.33 3.33 0.14 0.13 -0.00 
CO1_2 5.36 5.29 5.60 -0.07 0.24 0.31* 
APA2_1 5.70 5.63 5.97 -0.06 0.27* 0.33* 
US1_2 3.02 3.21 3.36 0.19 0.34* 0.15 
CS5_2 4.27 4.33 4.65 0.06 0.39* 0.33* 
APA3_2 5.34 5.24 5.26 -0.10 -0.07 0.03 
CS4_3 4.56 4.61 4.65 0.05 0.09 0.04 
CS2_1 5.52 5.37 5.39 -0.15 -0.13 0.03 
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ABSTRACT 

The measurement of judgements which are made relative to comparison standards is a 

notorious problem in many research traditions, including social judgment theory and its 

application in customer satisfaction research, the expectancy-disconfirmation paradigm. 

Previous attempts to measure individual differences in the size and direction of expectancy 

disconfirmation effects (such as the raw difference scores calculated in the scoring of the 

SERVQUAL instrument) are shown to be methodologically flawed. A stringent psychometric 

model is developed that represents expectations about sets of objects and perceptual or 

evaluative judgments of these objects by latent-difference bifactor models, separating latent 

individual differences in the size and direction of anchoring and displacement effects from 

latent individual differences in the use of the response scale. The latent anchoring effects are 

then related to the latent displacement effects in a polynomial structural equation model. In an 

empirical example, the model is applied to data from a consumer preference test in which 

expectations and quality judgments were collected from 240 consumers. Two types of pork 

chops (conventional, organic) were served in four different labelling conditions (none, 

conventional, organic, free-range) in a completely crossed within-subjects design. Latent-

difference bifactor models of individual differences in anchoring and displacement effects 

(due to the use of organic and free-range labels on the products) showed an excellent fit to the 

expectation data and the judgment data. Polynomial structural equation models of the 

relationship between latent anchoring effects and latent displacement effects revealed strongly 

nonlinear relationships between latent anchoring effects and latent displacement effects on 

two of the four judgment dimensions.  
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INTRODUCTION 

It was over 75 years ago now that Muzafer Sherif summed up the results of his doctoral 

research in the sentence “it appears that our judgments, like our perceptions, are organized in 

relation to definite reference points or in relation to a general level of reference” (Sherif, 

1935, p. 55). Since then, the relativity of judgments has become a central element in many 

research traditions, ranging from the mother of all reference-point theories, social judgment 

theory (Mussweiler, 2003; Sherif & Hovland, 1961) over psychophysical theories of 

magnitude perception (Petrov & Anderson, 2005), prospect theory and its various 

generalisations and extensions (Kahneman, 2003; Kahneman & Miller, 1986; Kahnemann & 

Tversky, 1979) to the expectancy disconfirmation paradigm in customer satisfaction research 

(Anderson, 1973; Oliver, 1980; Parasuraman, Zeithaml & Berry, 1985).  

Measurement problems in reference-point theories 

A notorious problem in all reference-point theories is measurement. When judgments are 

conceptualised as deviations from an anchor, comparison standard, norm or reference point 

(used synonymously here) relative to which an object is evaluated, the empirical relations that 

have to be mapped into the set of real numbers are ratios between magnitudes or magnitude 

differences. The problem was treated extensively in the literature on axiomatic measurement 

and scaling (e.g., Coombs, 1964; Krantz, Luce, Suppes & Tversky, 1971): if judgments are 

conceptualised as anchored on a reference point, only judgments of several objects can be 

scaled in a meaningful way, never judgments of one object alone. Although this notion is 

inherent in the very concept of a scale, it is often ignored in research practice.    
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Measurement of expectancy disconfirmation: A case in point 

The expectancy-disconfirmation paradigm in satisfaction research is a particularly 

problematic case. It assumes that customers evaluate the quality of a product or service 

relative to the expectations they had before their last encounter with the product or service. 

Classical studies manipulated pre-trial expectations experimentally—typically between 

subjects—and then assumed that observed group differences in post-trial judgments of 

product quality reflected the hypothesised anchoring effect (e.g., Anderson, 1973; Olson & 

Dover, 1979). Others asked their participants to judge the degree expectancy disconfirmation 

directly on bipolar rating scales (e.g., “my expectations were too high: it was poorer than I 

thought” versus “my expectations were too low: it was better than I thought”; Oliver, 1977).  

From an axiomatic measurement perspective, it is obvious that neither of these 

operationalisations can lead to a meaningful scale of measurement: since participants are only 

asked to judge one object, no magnitude differences are obtained that could be scaled in such 

a way as to achieve interval-scale level of measurement—or at least not without assuming that 

all participants have the same pre-trial expectation, that all participants use the response scale 

in an identical manner11, and that the response scale can be interpreted as an “absolute scale” 

that has a natural absolute minimum and a natural absolute maximum.  

A third approach used raw difference scores, calculated from direct ratings of the 

perceived product or service quality and direct ratings of a researcher-defined comparison 

standard (e.g., “Telephone company XYZ has up-to-date equipment” and “Telephone 

companies should have up-to-date equipment” in the SERVQUAL instrument; Parasuraman, 

                                                 
11 The best demonstration that this assumption is untenable can be found in Birnbaum (1999). The author 

shows that, by using a between-subjects design that implicitly assumes scales of judgment to be invariant over 

individuals, it is possible to achieve a result that would lead to the ludicrous conclusion that the number 9 is in 

fact larger than the number 221.  
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Zeithaml & Berry, 1988). A heated debate ensued in the literature as to whether comparison 

standards can be validly measured this way and whether the difference scores computed in the 

SERVQUAL approach have a meaningful interpretation (Brown, Churchill & Peter, 1993; 

Buttle, 1996; Cronin & Taylor, 1992; Parasuraman, Zeithaml & Berry, 1994; Iacobucci, 

Grayson & Ostrom, 1994; Teas, 1993). The general conclusion was that such researcher-

defined comparison standards are not valid on an individual level: SERVQUAL does not 

instruct the participants to use the particular comparison standard in their judgments that is 

measured by the instrument, and participants are not asked either what the comparison 

standard was that that they actually used. Although it clearly follows from this that the raw 

difference scores computed from the SERVQUAL instrument cannot be regarded as 

meaningful, the instrument enjoyed continued popularity in practical contexts.  

Difference scores as such can be meaningful, but only if certain conditions are fulfilled. 

Heated debates were fought in psychology over the use of difference scores, particularly the 

use of change scores in longitudinal studies (e.g., Cronbach & Furby, 1970; Gulliksen, 1950; 

Horn, 1963; Lord, 1963; Lord & Novick, 1968; Mellenbergh & van den Brink, 1998; Tucker, 

Damarin & Messick, 1966). Much of the criticism voiced by psychometricians focused on 

reliability problems; an issue that was later found to be less serious than originally thought 

(Rogosa, Brandt & Zimowski, 1982; Williams & Zimmerman, 1977). Furthermore, new 

statistical techniques such as latent growth curve models were developed that solved many of 

the reliability issues (for an overview of the different techniques, see McArdle, 2009).  

An often overlooked but particularly noteworthy result from this debate is that, even 

when both test scores between which a difference is calculated are congeneric, the resulting 

difference score is not necessarily congeneric. Meaningful measurement of individual 

differences in difference scores requires either tau-equivalence or, alternatively, equal factor 

loadings in both sets of items and equal sums of the additive constants in the congeneric test 
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model equations (Labouvie, 1980). Returning to the example of the SERVQUAL instrument, 

published results of factor analyses which were conducted separately on the expectation 

measures and the perceived quality measures (Parasuraman, Berry & Zeithaml, 1991, Table 3; 

Carr, 2002, Table 2) clearly indicate that neither of these conditions is fulfilled. Although this 

fundamental flaw was not spotted by previous SERVQUAL critics (Buttle, 1996; Cronin & 

Taylor, 1992; Iacobucci et al., 1994), it corroborates their conclusion that SERVQUAL 

difference scores cannot be regarded as meaningful measures of individual differences in 

expectancy disconfirmation.   

Displacement of judgments: Assimilation and contrast 

Conspicuously absent from the newer literature on expectancy disconfirmation is the 

perhaps most central result of social judgment theory: the anchoring of judgments on 

comparison standards can lead to non-linear displacement of judgements, either towards the 

comparison standard (assimilation; see upper panel in Figure 1) or away from the comparison 

standard (contrast; see lower panel in Figure 1). Only the original investigation by Anderson 

(1973) took the non-linear relationship between anchoring and judgment explicitly into 

account. In many newer publications on expectancy disconfirmation, references to 

assimilation and contrast effects are either missing completely or have the character of ritual 

citations12.  

It has to be granted that social judgment theory is a grand old theory. Much of the 

original research on assimilation and contrast effects in perceptual judgements (Parducci & 

Marshall, 1962; Sherif, 1935; Sherif, Taub & Hovland, 1958), evaluative judgments (Hovland 

                                                 
12 A possible exception is work in the tradition of Kano (1984). Although original social judgment theory 

research is rarely cited in such work, the hypothesised non-linear relation between expectancy disconfirmation 

and satisfaction would also be implied by social judgment theory. 
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& Sherif, 1952; Sherif & Hovland, 1953; Upshaw, 1962) and attitude change (Hovland, 

Harvey & Sherif, 1957; Sherif & Hovland, 1961) was conducted between the 1930s and 

1960s. Hence, the theory may appear “too old to be true” to newer generations of expectancy 

disconfirmation researchers and may therefore have limited appeal. However, the age of a 

theory does not invalidate the results it has produced. And recently, social judgment theory 

has experienced something of a renaissance in social cognition.  

The selective accessibility mechanism that is now assumed to be responsible for 

assimilation and contrast effects consists of two processing steps (Mussweiler, 2003; 

Mussweiler & Rüter & Epstude, 2004). In a first step, the similarity between a target stimulus 

and a comparison standard is heuristically evaluated. If the outcome of this evaluation 

indicates high similarity, a similarity testing process ensues that makes those stimulus features 

selectively accessible that are shared by target stimulus and comparison standard. If the 

outcome indicates low similarity, a dissimilarity testing process ensues that makes those 

features selectively accessible that distinguish target stimulus and comparison standard. In the 

first case, perceptual or evaluate judgments of the target stimulus will be displaced towards 

the comparison standard, resulting in an assimilation effect. In the second case, judgments 

will be displaced away from the comparison standard, resulting in a contrast effect. Both 

processing steps are fast and efficient (Mussweiler & Epstude, 2009), highly sensitive to 

contextual influences (Damisch, Mussweiler & Plessner, 2006; Mussweiler, 2002) and appear 

to operate outside conscious awareness: judgements are anchored on comparison stimuli even 

when these stimuli have only been presented subliminally (Mussweiler & Englich, 2005).   

Propositions 

Assimilation and contrast are the results of psychological processes that occur in an 

individual when that individual is confronted with a judgment task. As shown in the previous 
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section, there is no theoretical or empirical basis for assuming that the comparison standards 

relative to which individuals make their judgments are invariant over individuals or tasks. 

Hence, we propose that anchoring effects, as well as any resulting displacement of judgments 

(such as assimilation or contrast effects), should be understood as random variables that can 

vary in terms of size and direction between the individuals who perform a judgment task.  

Furthermore, in order to ensure basic conditions of scalability, we propose that anchoring 

effects should be modelled based on sets of expectations about different objects, and that 

displacement effects should be modelled based on sets of judgments of different objects, all 

collected from the same individuals in an appropriate within-subjects design. Finally, 

anchoring and displacement are not directly observable and can only be inferred from fallible 

measures. Hence, we propose that anchoring and displacement effects should be regarded as 

latent variables.  

In the following section, we will develop a stringent psychometric model that represents 

expectations about sets of objects and perceptual or evaluative judgments of these objects by 

latent-difference bifactor models, separating latent individual differences in the size and 

direction of anchoring and displacement effects from latent individual differences in the use 

of the response scale. The latent anchoring effects will then be related to the latent 

displacement effects in a polynomial structural equation model. In an empirical example, the 

modelling approach will be applied to data from a consumer preference test in which 

expectations and quality judgments were collected from 240 consumers. Two types of pork 

chops (conventional, organic) were served under four different labelling conditions (none, 

conventional, organic, free-range) in a completely crossed within-subjects design. 
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A psychometric model of differences between correlated judgments 

We assume a within-subjects experiment in which individuals i (i = 1, … N) were 

confronted with the same stimuli j (j = 1, … M) under two experimental conditions, A and B, 

and judged the stimuli in terms of a perceptual or evaluative dimension Y so that we obtained 

two M×1 response vectors, yA and yB, from each individual. We are interested in modelling 

the difference effect Δ between conditions A and B, that is, the difference between the 

judgments individuals made of the same stimuli but under two experimental conditions. 

Furthermore, we assume that there are differences between individuals in the way they use the 

response scale on which Y is measured, and that their judgments are not perfectly reliable. Let 

Δ stand for the true effect of the difference between conditions, let Γ stand for individual 

differences in scale use, and let εA and εB be M×1 vectors of measurement errors, all varying 

on the level of the individual. The judgments obtained for the same stimuli under conditions A 

and B can be represented by a latent-difference bifactor model of the form 
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where νA and νB are M×1 vectors of intercepts, λΔ is an M×1 vector of loadings on the latent 

difference factor Δ, and λΓ is an M×1 vector of loadings on the general factor Γ. Assuming 

that Δ is uncorrelated with Γ and that Δ and Γ are scaled to zero mean and unit variance so 

that their 2×2 covariance matrix is Ψ = I, and further assuming that εA and εB are uncorrelated 

with Δ and Γ, it follows from the fundamental theorem of factor analysis that the covariance 
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where Θ is the 2M×2M covariance matrix of the measurement errors εA and εB, structured in 

such a way that  
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Here, ΘA and ΘB are two M×M diagonal matrices with the measurement error variances 

in conditions A and B as diagonal elements and ΘAB is an M×M diagonal matrix of 

measurement error covariances, assuming measurement errors to be correlated when the 

stimuli that were judged under conditions A and B were the same but assuming measurement 

errors to be uncorrelated when the stimuli were different.  

Our model can be understood as a constrained form of the classical bifactor model 

(Holzinger & Swineford, 1937), re-parameterised in such a way that the true difference 

between the experimental conditions is modelled as a latent random effect, and that individual 

differences in response tendencies which lead to a correlation of the observed judgments are 

modelled as a latent subject effect (equivalent to random-intercept factor analysis; see 

Maydeu-Olivares & Coffman, 2006). The model can be further constrained to exhibit 

particular psychometric properties. Constraining the elements of λΔ and λΓ to be equal, 

respectively, will lead to the property of essential tau-equivalence.  Constraining the elements 

of νA, νB, λΔ and λΓ to be equal, respectively, will lead to the property of tau-equivalence. The 

model can be estimated by a variety of methods such maximum likelihood, generalised least 

squares or weighted least squares, using standard structural equation modelling software. 

Polynomial structural equation model of the effect of anchoring on displacement 

Social judgment theory predicts a non-linear relationship between anchoring and 

displacement. Although the theory does not specify a particular functional form, third-degree 
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polynomials have been used in the past to represent the relationship (e.g., see Hovland, 

Harvey & Sherif, 1957; Peterson & Koulack, 1969). Let ΔD be a latent-difference factor 

representing a displacement effect along a perceptual or evaluative judgment dimension, 

measured by a bifactor model of the type described above. Let ΔA be a second latent-

difference factor representing an anchoring effect, also measured by a bifactor model of the 

type described above, but with expectations as observed variables instead of perceptual or 

evaluative judgments. The non-linear relationship between anchoring and displacement can 

then be approximated by a polynomial structural equation model of the form 

 ζωωβα AAAD  3
2

2
1 ΔΔΔΔ  (4) 

where α is a regression constant, β is a regression weight measuring the linear effect of ΔA, ω1 

is a regression weight measuring the quadratic effect of ΔA, ω2 is a regression weight 

measuring the cubic effect of ΔA and ζ is the residual.  

In regions where the slope of the polynomial as a whole is positive, the average effect of 

anchoring on displacement can be interpreted as assimilation. In regions where the slope of 

the polynomial as a whole is negative, the average effect of anchoring on displacement can be 

interpreted as contrast. Assuming that the distribution of ΔA and ζ is approximately normal, 

the model can be estimated by the maximum likelihood method for structural equation models 

with quadratic forms described by Klein and Moosbrugger (2000) and implemented in the 

software package Mplus (Muthén & Muthén, 2001). If it has to be assumed that the 

distribution of ΔA and ζ deviates substantially from normality, the model can be estimated by 

the quasi-maximum likelihood method described by Klein and Muthén (2007) and 

implemented in Klein’s Quasi-ML software. 
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EMPIRICAL EXAMPLE 

Method 

Participants 

A total of N = 240 consumers were recruited for participation in a central location test. 

Initial contact was made over the telephone, using the random digit dialling method. Upon 

contact, participants were screened according to two criteria: (a) all participants had to be 

regular consumers of the product category to be tested, and (b) all had to have the main or 

shared responsibility for food shopping and cooking in their households. Of the 240 

participants initially recruited, 55 failed to show up at the sensory lab on the agreed date, 

resulting in a total effective sample size of N = 185 (response rate: 71%). The mean age of the 

participants was 44 years (SD = 12), 61% were female. Demographic characteristics are 

shown in Table 1. 

Procedure 

Altogether, each participant evaluated eight pork chop samples. The preparation of the 

samples followed the same standardised protocol under all conditions. Whole pork loins (M. 

longissimus dorsi) were trimmed to a maximum 2 mm fat layer and cut into chops of 19 mm 

thickness. Each chop was fried to an internal temperature of 65˚C (7-9 minutes in total). All 

chops were salted, but no pepper or additional seasoning was used during preparation or 

offered to the participants. The samples varied in terms of two factors: (a) actual meat type, 

and (b) label information. The factors were completely crossed in a within-subjects design. 
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Each participant evaluated each meat type under each labelling condition, resulting in 

altogether eight samples per participant.  

The four labelling conditions were (a) no information, (b) conventional pork, (c) organic 

pork, and (b) free-range pork. The samples were labelled by small banners attached to the 

plates. The actual meat types were (a) conventional and (b) organic pork, both from pigs of a 

Duroc crossbreed (Duroc boar and Landrace × Yorkshire sow). In the conventional system, 

pigs had been reared indoors and had been fed conventional concentrate ad lib. In the organic 

system, pigs had been reared indoors with access to an outdoor area at an organic farm, and 

fed organic concentrate and red clover silage ad lib. All pigs had been slaughtered at the same 

facility. Means and standard deviations of live weight at slaughter and contents of water, 

intramuscular fat and protein in the loin are shown in Table 2.  

The serial positions of the samples were counterbalanced across participants. Before each 

trial, participants were asked to indicate their quality expectation for the respective sample. 

After each trial, participants were asked to judge the quality of the respective sample in terms 

of four dimensions: (a) taste, (b) tenderness, (c) juiciness and (d) overall acceptability. After 

all trials were completed, participants were asked to complete a short questionnaire about 

shopping and consumption habits, general quality orientations, and demographics. The 

session ended with a detailed debriefing. All participants were issued with a disclaimer 

informing them that the meat samples they had tasted had not in fact been the ones as which 

they had been labelled. All participants received monetary compensation. 

Experimental design 

The design was a completely crossed 24 within-subjects design, including the factors 

actual meat type (conventional pork, organic pork) and label information (no information, 
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conventional pork, free-range pork, organic pork). The dependent variables were expectation 

(measured on one dimension) and quality judgment (measured on four dimensions: taste, 

tenderness, juiciness, and overall acceptability). 

Measures 

Upon presentation of each sample, but before the actual trial, participants were asked to 

indicate their quality expectations: “Please look at meat sample number X. Without having 

tasted it, what is your overall impression of the meat”, to be answered on a seven-point scale 

ranging from “not good at all” to “very good”. Immediately after each trial, participants were 

asked to judge the quality of the respective sample in terms of four dimensions. Taste was 

measured by asking respondents “How do you think the meat tasted”, to be answered on a 

seven-point scale ranging from “not good at all” to “very good”. Tenderness was measured by 

“How tender was the meat”, answered on a seven-point scale ranging from “not tender at all” 

to “very tender”. Juiciness was measured by “How juicy was the meat”, answered on a seven-

point scale ranging from “not juicy at all” to “very juicy”. Overall acceptability was measured 

by “After having tasted the meat, what is your overall impression of the meat”, answered on a 

seven-point scale ranging from “not good at all” to “very good”. Means and standard 

deviations under the different conditions are shown in Table 3. 

Analysis and results 

Manipulation checks 

To check whether the experimental manipulations had been successful, a repeated 

measures ANOVA was conducted with actual meat type and label information as within-

subjects factors and quality expectation as the dependent variable. This is a useful test of the 
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internal validity of the experiment: before trying the samples, participants should not have had 

any cues on which to base their expectations apart from the label information and the 

appearance of the meat. As expected, the information on the label had a highly significant 

impact on participants’ expectations (F[3,182] = 13.42, p < .001, effect size partial η2 = .18) 

whilst actual meat type had no such effect, and neither had the interaction of both factors. 

Participants expected substantially higher quality when samples were labelled “free range” or 

“organic” than when samples were unlabelled or labelled “conventional”. Interestingly, 

participants did not expect differences between free-range and organic pork (as indicated by 

pairwise comparisons with Bonferroni adjustment). Likewise, they appeared to equate 

unlabelled with conventional pork.  

Separate repeated-measures ANOVAs were then conducted over the quality judgments 

participants had made after each trial. Actual meat type had small but significant effects on 

taste (F[1,184] = 5.85, p < .05, partial η2 = .03), juiciness (F[1,184] = 10.03, p < .01, partial η2 

= .05), and overall acceptability (F[1,184] =, p < .05, partial η2 = .03), but not on tenderness. 

The pattern appeared to be stable across the three dimensions: the quality of organic pork was 

consistently judged lower than that of conventional pork. No interactions between actual meat 

type and label information were found for any of the dependent variables, indicating that the 

effects of the two factors were additive. The main effects are plotted in Figure 2. 

Label information had highly significant main effects on all dimensions: taste (F[3,182] = 

24.16, p < .001, partial η2 = .36), tenderness (F[3,182] = 11.54, p < .001, partial η2 = .16), 

juiciness (F[3,182] = 13.68, p < .001, partial η2 = .18), and overall acceptability (F[3,182] = 

19.56, p < .001, partial η2 = .24). The pattern was the same as had already been observed in 

the expectation data, indicating the presence of strong assimilation effects: independent of the 

actual meat type they had tried, participants reported substantially higher quality judgments 

for samples that were labelled “free range” or “organic” than for samples that were unlabelled 



115 

or labelled “conventional”. Quality judgments for free-range and organic samples did not 

differ significantly from each other (as indicated by pairwise comparisons with Bonferroni 

adjustment). Unlabelled and conventional samples did not differ significantly from each other 

either.  

Latent-difference bifactor models of anchoring and displacement 

In a second step, the latent-difference bifactor model introduced above was parameterised 

and fitted to the data, separately for expectations (anchoring model) and quality judgments in 

terms of the four dimensions taste, tenderness, juiciness, and overall acceptability 

(displacement models). The models were parameterised parsimoniously. Assuming essential 

tau-equivalence (Lord & Novick, 1968), the elements of the loading vector λΔ and the 

elements of the loading vector λΓ were constrained to be equal, respectively. Intercepts and 

error variances were unconstrained. Two error covariance parameters were introduced to 

control for the effects of exposure to the same meat type (θM) or the same label information 

(θI) across trials. Furthermore, since the manipulation checks reported above had indicated 

that there were no significant differences between the organic and free-range labelling 

conditions, these were treated as replicates in the specification of the loading pattern. The 

same was done for the conventional and unlabelled conditions. 

Altogether, each model had only 20 free parameters. Figure 3 shows the parameterisation 

in path diagram notation. All models were estimated by robust maximum likelihood (Satorra 

& Bentler, 1994, 2001) using Mplus 6 (Muthén & Muthén, 2010). Parameter estimates, 

standard errors and goodness-of-fit statistics are shown in Table 4. The models fitted the data 

excellently. In all cases, the Satorra-Bentler scaled χ² test indicated that the model-implied 

means and covariances did not deviate significantly from the observed means and 

covariances.  
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Functional form of the relationship between anchoring and displacement 

In a third step, we examined the functional form of the relationship between anchoring on 

expectations (due to the different labelling of the samples) and the displacement of quality 

judgments. Two sets of scores were calculated: naive anchoring and displacement scores 

(based on raw average differences) and estimated true anchoring and displacement scores 

(factor scores for the Δ factors in the latent-difference bifactor models fitted in the previous 

step, calculated by the regression method; Lawley & Maxwell, 1971). 

The naive anchoring and displacement scores were calculated as follows. Let i stand for 

individuals (i = 1, … N), j for labelling conditions (j = 1, ... 4 with 1: unlabelled, 2: 

conventional, 3: organic, 4: free-range) and k for the two actual meat types that had been 

included in the study (k = 1, 2 with 1: conventional, 2: organic). For each individual, a naive 

anchoring score Ai was calculated based on the raw difference between the average of the 

quality expectations xij participants had reported in the “organic” and “free-range” labelling 

conditions on the one hand, and the average of the expectations they had reported under the 

unlabelled and “conventional” conditions on the other hand: 
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Furthermore, let d stand for the dimension on which participants judged the quality of the 

samples (d = 1, ... 4 with 1: taste, 2: tenderness, 3: juiciness, 4: overall acceptability). Naive 

displacement scores Ddi were calculated for each dimension d and individual i, based on the 

raw difference between the average of the quality judgements ydij participants reported under 

the unlabelled and conventional-labelled conditions on the one hand, and the average of the 

quality judgements they reported under the organic and free-range conditions on the other 

hand, both summed up over meat types k: 
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Figure 4 shows plots of naive displacement against naive anchoring scores. Figure 5 

shows plots of estimated true displacement against true anchoring scores. Assimilation-

contrast curves were fitted to both scatter plots by local polynomial regression (Cleveland & 

Devlin, 1988). For both sets of scores, the relationship between anchoring and displacement 

of judgments showed the strongest curvature on the tenderness and juiciness dimensions, 

weaker curvature on the acceptability dimension, and almost no curvature on the taste 

dimension. In the range of the anchoring and displacement scores obtained here, all curves 

can be globally approximated by a third-degree polynomial.  

Polynomial structural equation models 

In a fourth step, polynomial structural equation models of the relationship between 

anchoring and displacement were fitted to the data. The measurement models of anchoring on 

expectations (due to the different labelling of the samples) and displacement of quality 

judgments (on the taste, tenderness, juiciness, and overall acceptability dimensions) were the 

latent-difference bifactor models fitted in the second step of the present analysis (see above). 

However, they were constrained in such a way that the loading parameters and measurement 

error covariance parameters were invariant between both measurement models, and one 

additional parameter θS was introduced that allowed for pairwise covariances between the 

measurement errors in the expectations measured for the eight stimuli and the quality 

judgments measured for the same eight stimuli, respectively.  

In the structural models, linear, quadratic and cubic effects of anchoring (the latent true-

difference factor ΔA) on displacement (the latent true-difference factor ΔD) were specified. 
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Hence, with 38 free parameters in each model, the parameterisation can still be regarded as 

parsimonious. Figures 6 and 7 show a path diagram representation of the complete model 

structure. All models were estimated by maximum likelihood (Klein & Moosbrugger, 2000) 

with robust standard errors, using the Gauss-Hermite quadrature algorithm for numerical 

integration in Mplus 6 (Muthén & Muthén, 2010). Parameter estimates, standard errors and 

goodness-of-fit statistics13 are shown in Table 5. Although the fit was not as impressive as it 

had been for the separate measurement models, it can still be regarded as very satisfactory. 

All models yielded RMSEAs below .05, with the exception of the model predicting 

displacement of juiciness judgments, where the RMSEA was .06.  

The relationship between anchoring and displacement of judgments showed by far the 

strongest curvature for displacement along the tenderness dimension (with a highly significant 

quadratic effect) and the juiciness dimension (with a significant quadratic effect), weaker 

curvature for displacement along the acceptability dimension (with a marginally significant 

cubic effect), and no significant curvature for displacement along the taste dimension. Since 

the R2 does not have a clearly defined meaning in the context of the Klein and Moosbrugger 

(2000) estimator, Table 5 shows R2 values obtained from a simplified linear version of the 

structural equation model, estimated by robust maximum likelihood (Satorra & Bentler, 1994, 

2001). Even this simplified version of the model yielded R2 values that were already very 

satisfactory, ranging between .36 (for displacement along the tenderness dimension) and .50 

(for displacement along the acceptability dimension). 

                                                 
13 Mooijaart and Satorra (2009) have shown that conventional goodness-of-fit statistics for structural 

equation models are insensitive to the inclusion or exclusion of non-linear latent variable effects in the structural 

model. Furthermore, not all conventional goodness-of-fit statistics are meaningful in the context of the Klein and 

Moosbrugger (2000) estimator. Hence, the goodness-of-fit statistics reported in the lower part of Table 5 are 

from a set of models which only included the linear effect of anchoring in the structural model but not the 

quadratic and cubic effects and were estimated by robust maximum likelihood (Satorra & Bentler, 1994, 2001).  
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DISCUSSION AND CONCLUSION 

The measurement of judgements which are made relative to comparison standards is a 

notorious problem in many research traditions, including social judgment theory and its 

application in customer satisfaction research, the expectancy-disconfirmation paradigm. In the 

beginning of the present paper, we showed that previous attempts to measure individual 

differences in the size and direction of expectancy disconfirmation effects (such as the raw 

difference scores calculated in the scoring of the SERVQUAL instrument; Parasuraman et al., 

1988) are conceptually and methodologically flawed, implicitly assuming that all participants 

in an expectancy-disconfirmation study make their judgments relative to the same comparison 

standards and use the response scale in an identical manner.  

Properties of the latent-difference bifactor model 

We presented a stringent psychometric model that solves many measurement problems 

traditionally associated with social judgment theory in general and the expectancy-

disconfirmation paradigm in particular. The model represents expectations about sets of 

objects and perceptual or evaluative judgments of these objects by latent-difference bifactor 

models, separating latent individual differences in the size and direction of anchoring and 

displacement effects from latent individual differences in the use of the response scale. The 

basic measurement model is general; it can be applied to all situations where differences 

between correlated judgments have to be measured, especially when the judgments contain 

error and are biased by individual differences in scale use.  

A noteworthy feature of the model is that it is based on a within-subjects design in which 

the same objects are presented under at least two different conditions to the same individuals. 

The latent-difference bifactor model scales changes in the magnitude differences between 
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objects (on a given perceptual or evaluative dimension) that are caused by the difference 

between the conditions under which the objects are presented. This ensures that minimum 

conditions for the existence of an interval scale are met (Krantz et al., 1971) on which 

individuals can be meaningfully compared. The latent-difference bifactor model is 

theoretically identified in a design that involves at least two objects and at least two 

conditions. It can be made more robust to empirical underidentification when replicates are 

added to the basic design. And although we only formally described the model for a design 

involving two conditions, the model can easily be extended to designs with more than two 

conditions by using a set of appropriately parameterised “latent contrast factors” (contrast is 

to be understood here in the sense of experimental design, not in the sense of social judgment 

theory) instead of a single latent difference factor. 

Representation of assimilation and contrast effects on individual and group level 

In the present paper, the latent-difference bifactor model served two purposes. The first 

was to scale changes in differences between the expectations about a set of objects (caused by 

a difference between the conditions under which the objects were presented) into a latent 

metric by which individual differences in the size and direction of anchoring effects can be 

meaningfully represented. The second purpose was to scale changes in differences between 

judgments about the same set of objects (caused by the same difference between the 

conditions under which the objects were presented) into a latent metric by which individual 

differences in the size and direction of displacement effects can be meaningfully represented. 

Both models together represent assimilation and contrast on the level of the individual and 

can be defined as follows: 
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 Assimilation: the latent anchoring effect ΔA and the latent displacement effect ΔD have the 

same sign, (ΔA > 0)  (ΔD > 0)  (ΔA < 0)  (ΔD < 0). 

 Contrast: the latent anchoring effect ΔA and the latent displacement effect ΔD have 

different signs, (ΔA > 0)  (ΔD < 0)  (ΔA < 0)  (ΔD > 0). 

Latent individual differences in anchoring effects were then related to latent individual 

differences in displacement effects in a polynomial structural equation model of the form 

ζωωβα AAAD  3
2

2
1 ΔΔΔΔ  so that that the conditional expected values are given by the 

regression 3
2

2
1 ΔΔΔ)Δ( AAAA ωωβαf  . The regression represents assimilation and 

contrast on the level of the group and can be interpreted as follows: 

 Assimilation: the overall slope of the polynomial regression is positive, 0)Δ(' Af . 

 Contrast: the overall slope of the polynomial regression is negative, 0)Δ(' Af . 

Finally, we would like to note that our model does not generally assume—and that its 

validity does not require—that the latent anchoring measure is tau-equivalent or essentially 

tau-equivalent with the latent displacement measure. This merely happened to be the case in 

the empirical example in which we demonstrated our approach and enabled us to use a 

convenient and rather parsimonious parameterisation. In general, however, this is not 

necessary. 
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Table 1. Demographic characteristics of participants (valid N = 185)  

 
  Frequency 

  Count  Percent 

Age 18-25 years   14    7.7 
 26-35 years   41  22.5 
 36-45 years   35  19.2 
 46-55 years   60  33.0 
 65-65 years   33  18.1 

Gender Female 112  60.5 
 Male   73  39.5 

Cohabitation Single   46  24.9 
 Living with partner 138  74.6 

Number of persons 1   29  15.8 
In household 2   75  40.8 
 3   41  22.3 
 4   30  16.3 
 5+     9    4.8 

Number of children 0 104  61.2 
(under 16) in household 1   41  24.1 
 2 119  11.2 
 3     4    2.4 
 4+     2    1.2 

Gross annual household Below 200,000   11    5.9 
income 200,000-299,999   29  15.7 
 300,000-399,999   27  14.6 
 400,000-499,999   20  10.8 
 500.000-599.999   38  20.5 
 600,000 and above   57  30.8 

Education Up to 8 years of schooling   12    6.5 
 9 or 10 years of schooling   67  36.2 
 12 years of schooling   44  23.8 
 Higher education   60  32.4 

Occupation Unskilled labour     9    4.9 
 Skilled labour   38  20.5 
 White-collar   84  45.4 
 Self-employed     9    4.9 
 Helping in family business     4    2.2 
 Unemployed     7    3.8 
 Retired   14    7.6 
 In education   14    7.6 

Region of residence Rural   35  18.9 
 Urban 143  77.3 
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Table 2. Characteristics of actual meat types: means and standard deviations of live weight at 

slaughter and contents of water, intramuscular fat and protein in the loin under the two rearing 

conditions 

 
 Rearing condition 

 Conventional   Organic  

 Mean (SD)  Mean (SD) 

Live weight at slaughter (kg) 102.4 (2.5)  102.7 (5.4) 
Water (g/100g)   74.5 (0.6)    74.9 (0.6) 
Intramuscular fat (g/100g)     2.0 (0.4)      1.8 (0.5) 
Protein (g/100g)   23.1 (0.9)    23.0 (0.4) 
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Table 3. Means and standard deviations of expectations (measured immediately before each trial) and 

quality judgments (measured immediately after each trial) under the different experimental conditions 

   
 Actual meat type 

 Conventional pork  Organic pork 

 Mean (SD)  Mean (SD) 

Expectation      

Label info: none 5.08 (1.20)  5.02 (1.13) 
Label info: conventional 5.12 (1.13)  4.93 (1.13) 
Label info: free-range 5.46 (1.05)  5.36 (1.02) 
Label info: organic 5.33 (1.14)  5.30 (1.00) 

Quality judgment: taste      

Label info: none 5.15 (1.30)  4.89 (1.34) 
Label info: conventional 4.98 (1.26)  4.85 (1.27) 
Label info: free-range 5.63 (1.16)  5.58 (1.17) 
Label info: organic 5.65 (1.07)  5.50 (1.23) 

Quality judgment: tenderness      

Label info: none 5.10 (1.33)  4.89 (1.49) 
Label info: conventional 4.89 (1.40)  4.88 (1.35) 
Label info: free-range 5.38 (1.25)  5.33 (1.34) 
Label info: organic 5.34 (1.30)  5.11 (1.51) 

Quality judgment: juiciness      

Label info: none 5.24 (1.34)  5.12 (1.46) 
Label info: conventional 4.96 (1.38)  4.69 (1.39) 
Label info: free-range 5.43 (1.29)  5.22 (1.34) 
Label info: organic 5.43 (1.21)  5.11 (1.41) 

Quality judgment: overall acceptability      

Label info: none 5.24 (1.24)  4.87 (1.38) 
Label info: conventional 4.94 (1.34)  4.81 (1.24) 
Label info: free-range 5.47 (1.19)  5.46 (1.22) 
Label info: organic 5.45 (1.14)  5.36 (1.27) 

Note. All rating scales had a minimum of 1 and a maximum of 7.  
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Table 4. Latent-difference bifactor models of anchoring and displacement: parameter estimates and 

goodness-of-fit statistics (robust maximum likelihood) 

 

Anchoring 

Displacement 

Taste Tenderness Juiciness Acceptability 

Parameter Est. S.E. Est. S.E. Est. S.E. Est. S.E. Est. S.E. 

λΔ .24 .04 .19 .05 .26 .07 .23 .05 .25 .05 
λΓ .67 .05 .66 .05 .67 .07 .72 .06 .62 .05 

θMC,IF .57 .07 .87 .12 1.04 .13 1.10 .13 .91 .11 
θMO,IF .58 .09 .88 .11 1.23 .14 1.06 .13 .92 .12 
θMC,IO .76 .09 .79 .12 1.18 .13 1.08 .15 .89 .12 
θMO,IO .58 .08 1.01 .13 1.59 .16 1.23 .15 .98 .13 
θMC,IC .79 .11 1.32 .16 1.53 .16 1.34 .16 1.49 .18 
θMO,IC .86 .11 1.12 .14 1.34 .15 1.35 .15 1.13 .14 
θMC,IN .91 .12 1.29 .16 1.45 .16 1.51 .16 1.24 .14 
θMO,IN .80 .09 1.26 .15 1.79 .21 1.43 .15 1.44 .16 

θM .10 .03 .13 .04 .32 .06 .23 .05 .21 .05 
θI .05 .03 .14 .05 .15 .06 .07 .05 .09 .05 

νMC,IF 5.47 .08 5.64 .09 5.40 .09 5.43 .09 5.47 .09 
νMO,IF 5.38 .08 5.59 .09 5.35 .10 5.22 .10 5.46 .09 
νMC,IO 5.35 .08 5.65 .08 5.34 .10 5.43 .09 5.45 .08 
νMO,IO 5.31 .07 5.52 .09 5.12 .11 5.11 .10 5.36 .09 
νMC,IC 5.12 .08 5.00 .09 4.90 .10 4.96 .10 4.94 .10 
νMO,IC 4.96 .09 4.87 .10 4.89 .10 4.69 .10 4.81 .09 
νMC,IN 5.09 .09 5.17 .10 5.12 .10 5.24 .10 5.24 .09 
νMO,IN 5.04 .08 4.91 .10 4.91 .11 5.12 .11 4.87 .10 

Satorra-
Bentler χ² 36.01 19.76 14.36 25.53 14.53 
df 24 24 24 24 24 
p .05 .71 .94 .38 .93 

RMSEA .05 .00 .00 .02 .00 
SRMR .05 .06 .05 .08 .05 
CFI .97 1.00 1.00 1.00 1.00 
TLI .96 1.02 1.04 .99 1.05 

Note. Abbreviations in parameter names: M (meat), I (label information), F (free range), O (organic), C 
(conventional), N (none). 
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Table 5. Polynomial structural equation models of the effect of anchoring on displacement: 

unstandardised parameter estimates (maximum likelihood with robust standard errors); standardised 

estimates of linear effects and goodness-of-fit statistics from simplified linear versions of the model 

(robust maximum likelihood) 

 
Effect on displacement 

Taste Tenderness Juiciness Acceptability 

Predictor Est.  S.E.    p Est.  S.E.    p Est.  S.E.    p Est.  S.E.    p 

Anchoring  
(linear effect) 

.81 .25 .001 .63 .23 .019 .89 .22 .000 .53 .30 .088 

Anchoring 
(quadratic effect) 

.08 .13 .571 -.67 .20 .001 -.27 .12 .021 -.10 .18 .586 

Anchoring  
(cubic effect) 

.03 .06 .508 .04 .05 .440 .01 .04 .889 .18 .10 .074 

Anchoring 
(standardised 
effect from 
simplified linear 
model) 

.67 .15 .000 .60 .17 .000 .68 .12 .000 .71 .12 .000 

R2 (simplified 
linear model)  

.45  
 

.36  
 

.47  
 

.50  

Satorra-Bentler χ² 158.493 165.245 190.555 152.279 
df 114 114 114 114 
p .004 .001 .000 .010 

RMSEA .046 .049 .060 .043 
SRMR .064 .069 .079 .065 
CFI .950 .940 .921 .957 
TLI .947 .937 .916 .955 
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Figure 1. Assimilation and contrast effects: displacement of evaluative judgments by anchoring on 

comparison standards (adapted from Scholderer, 2010) 
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Figure 2. Main effects of label information and actual meat type on expectations (measured 

immediately before each trial) and quality judgments (measured immediately after each trial)  
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Figure 3. Path diagram of latent-difference bifactor model (upper panel: factor loadings and variances; 

lower panel: measurement error variances and covariances). Abbreviations: M (meat), I (label 

information), F (free range), O (organic), C (conventional), N (none) 
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Figure 4. Displacement of quality judgments as a function of anchoring on expectations: scatter plots 

of naive anchoring and displacement scores (points are jittered; assimilation-contrast curves were 

fitted by local polynomial regression)  
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Figure 5. Displacement of quality judgments as a function of anchoring on expectations: scatter plots 

of estimated true anchoring and displacement scores (assimilation-contrast curves were fitted by local 

polynomial regression)  

  

-2 -1 0 1 2 3

-2
-1

0
1

2
3

Anchoring

D
is

p
la

c
e

m
e

n
t:

 T
a

s
te

-2 -1 0 1 2 3

-2
-1

0
1

2
3

Anchoring

D
is

p
la

c
e

m
e

n
t:

 T
e

n
d

e
rn

e
s

s

-2 -1 0 1 2 3

-2
-1

0
1

2
3

Anchoring

D
is

p
la

c
e

m
e

n
t:

 J
u

ic
in

e
s

s

-2 -1 0 1 2 3

-2
-1

0
1

2
3

Anchoring

D
is

p
la

c
e

m
e

n
t:

 A
c

c
e

p
ta

b
ili

ty

Anchoring
(Factor score)

Δ̂Anchoring
(Factor score)

Δ̂

Anchoring
(Factor score)

Δ̂Anchoring
(Factor score)

Δ̂

D
is

p
la

c
e

m
e

n
t:

 T
a

s
te

(F
a

c
to

r 
s

c
or

e
)

D
is

p
la

c
e

m
e

n
t:

 T
e

n
d

e
rn

e
s

s
(F

ac
to

r s
c

o
re

)

D
is

p
la

c
e

m
e

n
t:

 J
u

ic
in

e
s

s
(F

a
c

to
r 

s
c

o
re

)

D
is

p
la

c
e

m
e

n
t:

 A
c

c
e

p
ta

b
ili

ty
(F

a
c

to
r 

s
c

o
re

)



138 

 

 

 

Figure 6. Path diagram of polynomial structural equation model (factor loadings in latent-difference 

bifactor measurement model and polynomial regression of latent displacement on latent anchoring 

factor). Abbreviations: EXP (expectation), J (judgment), M (meat), I (label information), F (free 

range), O (organic), C (conventional), N (none) 
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Figure 7. Path diagram of polynomial structural equation model (measurement error variances and 

covariances in latent-difference bifactor measurement model). Abbreviations: EXP (expectation), J 

(judgment), M (meat), I (label information), S (stimulus), F (free range), O (organic), C 

(conventional), N (none) 
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ABSTRACT 

The philosophy of science traditionally associated with structural equation modelling is 

critical rationalism with its primacy of theory. In practice, however, this approach may be too 

restrictive: theories are often causally underspecified, there may be competing theories that 

lead to equivalent predictions, and theories may simply be wrong. Two relatively recent 

approaches are discussed that are based on a more liberalised and inductive philosophy. The 

first of these is exploratory structural equation modelling. In this approach, the restrictive 

requirement of specifying highly constrained measurement models that have simple-structure 

properties is given up (either partially or completely) and replaced with measurement models 

that are based on exploratory factor analysis. The second approach is the use of causal search 

algorithms. In this approach, the pattern of conditional independence and dependence 

relations in a given multivariate data set is exhaustively searched in order to identify which of 

these relations can be causally interpreted. While exploratory structural equation modelling 

takes a more inductive stance on the construction of measurement models, causal search 

algorithms take a more inductive stance on the construction of structural models. In an 

empirical example, these two new modelling techniques are applied to data from a consumer 

survey that included measures of beliefs about conventional and free-range pork production 

systems and expectations of the quality of the meat products resulting from these systems. In 

addition, three more established modelling approaches are applied to the same data (structural 

equation modelling with simple-structure measurement models, structural equation modelling 

with bifactor measurement models, simple path analysis based on factor scores). The results 

are compared in terms of plausibility, consistency with theory, parsimony and convergence in 

conclusions.   
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INTRODUCTION 

Theories are generally accepted as a medium for knowledge generation. Theoretical 

conjectures influence the questions we investigate, determine our choice of research 

methods, and condition our interpretation of the results and the conclusion we draw. 

Contemporary philosophy of science stresses the primacy of theory: knowledge is 

theoretical, and if not, then knowledge is not knowledge but merely data.  

In the first part of the 20th century, the dominant school of philosophy was a different 

one. Rudolf Carnap, Hans Hahn, Moritz Schlick and Otto Neurath were the most prominent 

members of the group known as the Vienna Circle. Logical positivism shaped the way 

scientists thought about the relationship between theoretical constructs and observed 

variables. Data were regarded as being more fundamental than theory—in other words, the 

only truth was in the data. The positivist devoted their attention to the logical form of the 

relationship between scientific knowledge and the facts. It was the opinion that scientific 

knowledge should, in one way or another, be derived from facts. Facts should come from 

observation, and observation should be conducted independent of theory. Data were 

systematically collected for the purpose of determining and verifying theoretical hypotheses. 

Systematic observation was regarded the point of origin for the construction of theoretical 

hypotheses and a safe basis for determining their truth, leading to objective knowledge. 

Between the great wars, a new generation of philosophers emerged. The views of logical 

positivism were strongly attacked by critical-rationalist philosophers like Karl Popper: 

observations cannot verify a theory, they can only falsify it. Theories should not simply be 

adopted because they have a high level of support. Rather, those that are falsified should be 

rejected. Science progresses not through generalisation from data but through a sequence of 
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theoretical conjectures, tests, and empirical rejections. In Popper’s view, observations cannot 

be interpreted outside the language of theory.  

The view of the “primacy of theory” dominates basic research in many scientific fields. 

However, it is questionable whether this is a very satisfactory approach in applied research 

(Hayek, 1989). Applied research is often selective, and scientific theory cannot always fully 

determine which observations should be regarded as relevant and which ones should not. 

Moreover, selective observation carries with it the risk of theoretical bias. Theories guide the 

selection of observations and their interpretation, and the interpreted observations are then 

presented in the light of the theories. Since this is a form of circular argumentation, Popper 

argued that the theory that endured the most thorough tests was the best supported and 

therefore the theory that should be used while still being subject to attempts to reject it.  

The criterion of relative support can lead to indeterminacies. Assume that, for a given 

phenomenon, there are two or more competing theories and none of them has been rejected 

yet. In such a situation, there are no guidelines as to which of the theories should 

provisionally be accepted as a “working theory” until all but one have been rejected. Hence, 

a central problem with falsificationism is that it may result in prolonged ambiguity.  

Ambiguity and the practice of structural equation modelling 

At a first glance, such fundamental philosophy of science questions may appear rather 

distant from the daily practice of the structural equation modeller (which tends to be rather 

more technical). On closer inspection, however, it becomes evident that one of the problems 

that the modeller faces on a daily basis—the problem of competing model specifications—is 

structurally identical to the ambiguity problem in falsificationism. Consider a situation most 

modellers are intimately familiar with: an applied research project has been conducted in 

which survey data were collected from a large sample of randomly selected participants. The 
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modeller is asked to join the project team and help with the building of a publishable model. 

As is typical in applied research projects, the construction of survey items was entirely based 

on considerations of content validity with respect to the investigated phenomenon (possibly 

informed by qualitative pilot research), not on considerations as to how the theoretical 

constructs of a particular theory should best be operationalised.   

The modeller then typically commences with fitting one or more preliminary models to 

the data. If the model does not fit the data, the modeller begins a search for better 

specifications to improve the fit of the model (Kaplan, 1988). Such a process is problematic 

in two respects: it is constrained by the initial model, and it is sensitive to random 

fluctuations in the particular data set in which the specification search is carried out. Hence, 

a miserable fit may result when the final model is tested on a new sample. MacCallum 

(1992) shows that models constructed by such sequential specification searches can be 

highly unstable, especially in small and medium-sized samples.  

Liberalised modelling approaches 

The philosophy of science traditionally associated with structural equation modelling is 

critical rationalism with its primacy of theory. As shown above, however, a strict 

hypothetical-deductive approach may be too restrictive in practice: theories are often causally 

underspecified, there may be competing theories that lead to equivalent predictions, and 

theories may simply be wrong.  Two relatively recent approaches will be discussed in this 

section which are based on a more liberalised and inductive philosophy. The first of these is 

exploratory structural equation modelling. In this approach, the restrictive requirement of 

specifying highly constrained measurement models that have simple-structure properties is 

given up (either partially or completely) and replaced with measurement models that are 

based on exploratory factor analysis. The second approach is the use of causal search 
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algorithms. In this approach, the pattern of conditional independence and dependence 

relations in a given multivariate data set is exhaustively searched in order to identify which of 

these relations can be causally interpreted. Whereas exploratory structural equation modelling 

takes a more inductive stance on the construction of measurement models, causal search 

algorithms take a more inductive stance on the construction of structural models. 

Exploratory structural equation modelling 

The general structural equation model with m latent variables 1 2 m= (η ,η ,...,η ) can be 

described by two equations: 

 Y X        (1) 

 B X         (2) 

Equation 1 is a measurement model for an observed continuous vector Y with intercepts  , 

loading matrix  , factor matrix  , covariates X that have direct effects on Y (modelled by 

the slopes in the   matrix) and residuals  . Equation 2 is the structural model, representing 

the relationships between the latent variables. The latent variables   are regressed on each 

other (with weights in the B  matrix) and on the covariates (with weights in the   matrix). 

Again, there are intercepts   and residuals   in the equations. The assumptions are that   

and   are normal distributed residuals with zero mean and a covariance matrix   and  . 

The parameters of the model are usually estimated by a maximum likelihood method.   is 

typically specified as having a simple structure, i.e. one without cross loadings. Loadings are 

fixed zeros based on hypotheses corresponding to substantive theory, or previous analyses. 

Although it is certainly elegant to create a parsimonious measurement model that is 

identified and avoids rotation, the assumption of simple structure is often too restrictive in 
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practice. The measurement theory may not be developed enough, forcing the researcher to 

impose more restrictions on the model than he or she is comfortable with. Furthermore, 

misspecification in terms of zero cross-loadings leads to distorted factors, overestimated 

factor correlations, and distorted structural relations (Asparouhov & Muthén, 2009). In 

situations like this, a measurement model based on explorative factor analysis with rotation 

of the factor matrix may be a better solution (Brown, 2001).  

In exploratory structural equation modelling (Asparouhov, 2009), the measurement 

model that is normally based on confirmatory factor analysis can be completely or partially 

replaced by a measurement model based on exploratory factor analysis, with a specified 

rotation method. In a general exploratory structural equation model, the factors jη  in (1) and 

(2) can be classified as either exploratory 1 2 r, ,...,    or confirmatory factors 

r 1 r 2 m, ,...,    . The exploratory factors are further partitioned into blocks of exploratory 

latent variables. A block of indicator variables is attached to each exploratory block. 

Different exploratory blocks can employ the same indicator variables. The measurement 

model of the exploratory part is based on using an optimal rotation for the exploratory factor 

block. In exploratory factor analysis, only   and   are rotated. In the general setting of 

ESEM the optimal rotation, H*, will affect essentially all the parameters of the model, that is, 

measurement model parameters as well as structural model parameters:   

1,* *(H )  ,*  ,*       1,* * *B H B(H ) , and* *H  .* * *(H ) H    

In situations where variable complexity is higher than one, Geomin rotation is advantageous 

(Browne, 2001; Yates, 1987). 

Maximum likelihood estimation proceeds in four steps. In a first step, unstandardised 

starting values are estimated for  ,   , and   with identification restrictions. In a second 

step, the delta method is applied to estimate the asymptotic distribution of the standardised 
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starting values for  . In a third step,   is rotated and the asymptotic distribution of the 

rotated standardized solution (Jennrich, 2007) is calculated. This will in the fourth step 

produce standard errors for the rotated solution of the full structural equation model. 

Causal search algorithms 

Prior to the estimation of a structural equation model, the direction of the relationships 

between the variables has to be defined: each variable must either be a defined as a cause, a 

mediator, or an effect. The task of defining the direction of the relationships becomes more 

challenging when the variable system is complex and when the theories on which the 

specification is based are insufficiently elaborated. To reduce the risk of misspecification, 

any hypothesised causal model should be tested against a set of competing models. However, 

model equivalence is the limit of the confirmatory approach: “no matter how much better a 

hypothesized model fits the data in comparison with competing models, no possibility exists 

of unequivocally confirming the model if there are models equivalent to it. This is not to 

suggest that it is impossible to rule out equivalent models based on plausibility alone. But 

there will always be doubt.” (Hershberger, 2006). The most popular commercial structural 

equation modelling programs do not test for model equivalence14.  

An inductive approach to structural equation modelling has emerged from graph theory 

and its application in machine learning (Pearl, 2000; Spirtes, Glymour & Scheines, 2000). In 

this approach, the pattern of conditional independence and dependence relations in a given 

data set is exhaustively searched in order to identify which relations can be causally 

interpreted. The central concept in this approach is the criterion of d-separation (Pearl, 1988). 

D-separation is a graphical test of independence between variables in a directed acyclic 

graph (DAG; d stands for dependence). Let X, Y, Z be three sets of variables represented as 

                                                 
14 Only the software package TETRAD (Scheines, Spirtes, Glymour et al., 1998) has such an application. 
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disjoint sets of nodes in a DAG, G. Given two sets of variables X and Y, it is tested if they are 

independent conditioned on a set Z by testing all path between each variable in X and each 

variable in Y.  X is independent of Y given Z if all paths between each variable in X and Y are 

closed when Z is observed. If any path is open then neither dependence nor independence 

can be stated. X and Y are d-separated by Z in G if and only if they are not d-connected by Z 

in G. Put another way, two variables X and Y are independent conditional on Z if information 

about X yields no additional knowledge about Y if Z is already known. It is still true that for 

any pair of variables considered in isolation that the correlation among them does not imply 

causation. However, it is not necessarily also true when several variables are considered, 

given a few assumptions.  

X and Y are d-separated given Z in a directed graph associated with a recursive linear 

model with uncorrelated errors if and only if the model linearly entails that XY.Z 0  . This 

result can only be directly applied to a linear model with uncorrelated errors, because the 

standard graphical representation of a linear model with correlated errors is not a DAG. In 

the case of linear systems, conditional independence relations simplify to vanishing partial 

correlations, and conditional dependence relations simplify to spurious correlations as 

analysed by Simon (1954) and Blalock (1962) in their seminal work. Spirtes, Glymour and 

Scheines (2000) have implemented the d-separation criterion in a causal search algorithm—

the PC algorithm hat is available in the software package TETRAD (Scheines, Spirtes, 

Glymour et al., 1998). Applied to a multivariate data set, the algorithm identifies the 

equivalence class of all linear structural equation models that may have generated the 

covariance structure observed in the data. Intuitively, the algorithm can be understood as 

performing an exhaustive, multivariate equivalent to the task that “ordinary” statistical 

mediation tests (see Shrout & Bolger, 2002) perform in three-variable systems.  
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Aims of the study  

We have outlined two relatively recent structural equation modelling approaches that are 

based on a philosophy more liberal and inductive than the hypothetical-deductive and strictly 

falsificationist approach that is traditionally associated with structural equation modelling. 

Whereas exploratory structural equation modelling takes a more inductive stance on the 

construction of measurement models, causal search algorithms take a more inductive stance 

on the construction of structural models. Existing examinations of these approaches focused 

on their mathematical and statistical properties and the concept of causality on which they are 

based (see Asparouhov, 2009; Asparouhov & Muthén, 2009; Pearl, 2000; Spirtes, Glymour & 

Scheines, 2000).  

The aim of the present paper is somewhat different: how do these new modelling 

approaches fare in practice when they are confronted with the uncertainties of a typical 

modelling task—a multivariate data set in which the selection of measures was entirely based 

on considerations of content validity with respect to the investigated phenomenon, and not on 

a particular theory.  

In the following, the two new modelling approaches will be applied to data from a 

consumer survey that included measures of beliefs about conventional and free-range pork 

production systems, and expectations of the quality of the meat products resulting from these 

systems. In addition to the two new modelling approaches, four more established approaches 

will be applied to the same data: structural equation modelling with simple-structure 

measurement models, structural equation modelling with bifactor measurement models, 

simple path analysis and factor scores regression. The results will be compared in terms of 

plausibility, consistency with prior theory, parsimony, and convergence in conclusions.   
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METHOD 

Participants and procedure 

Upon agreement to participate, respondents were screened according to two criteria: (a) 

at least one person in respondents’ households had to be a regular pork consumer, i.e. eat 

pork at least once a month, and (b) the respondent had to be the person mainly responsible 

for shopping and cooking in their household. The final sample size was N = 596 in Denmark. 

Demographic characteristics are presented in Table 1. 

Measures 

The objective of the survey was to assess consumer beliefs about conventional and free-

range pork production systems and consumer expectations about the quality of the meat 

resulting from these systems. Beliefs about conventional and free-range pork production 

systems were measured by twenty items that were constructed on basis of a qualitative pilot 

study (Bredahl & Poulsen, 2002; Ngapo, Dransfield, Martin et al., 2004). The items were 

presented as statements and had to be answered on seven-point scales ranging from 

“completely disagree” to “completely agree”. Variable names, variable labels, means and 

standard deviations are shown in Table 2. 

Expected quality of pork from free-range pork production systems was measured in 

terms of twelve quality parameters that had been selected on the basis of existing literature 

(Bredahl & Andersson, 1998; Bredahl et al., 1998; Grunert et al., 2004) and qualitative pilot 

research (Bredahl & Poulsen, 2002; Ngapo et al., 2004). Participants were asked “Compared 

to pork from pigs raised conventionally, how likely do you consider it to be that pork from 

pigs reared outdoors is “leaner”, “fresher”, “healthier”, “more tender”, “more juicy”, “more 



151 

often produced in your country”, “tastier”, “more often free from hormones or medical 

residues”, “comes from pigs raised at a farm nearby”, “is more often produced with 

consideration of animal welfare”, and “is cheaper”. All quality expectation items were 

answered on seven-point scales ranging from “extremely unlikely” to “extremely likely”. 

Variable names, variable labels, means and standard deviations are shown in Table 2.  

RESULTS 

Including the preliminary steps in which measurement models were constructed and 

tested, altogether eight models were estimated. Each model was constructed according to 

common practice and rules of thumb and estimated by common techniques. Prior to the 

analysis, missing data were imputed using the EM-algorithm (Dempster, Laird & Rubin, 

1977). None of the imputations seemed problematic. Furthermore, the data were scrutinised 

for outliers. Different methods were applied, but none of them changed the parameters of 

preliminary factor analyses. 

Exploratory structural equation model 

Model 1 was an exploratory structural equation model (ESEM) in which the 

measurement model of the endogenous variables was a confirmatory factor analysis model 

with a simple-structure loading pattern (cross loadings set to zero) and  the measurement 

model of the exogenous variables was an exploratory factor analysis model (Geomin 

rotation, 0.001 ). The observed endogenous variables were the twelve expected quality 

items. They could easily be categorised as either referring to intrinsic or extrinsic quality 

cues, in accordance with theory (Grunert, Bredahl & Brunsø, 2004): intrinsic quality cues 

refer the physical characteristics of a product whereas extrinsic quality cues refer to 
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everything else. Hence, a confirmatory factor analysis model could be specified as the 

measurement model of the endogenous variables.  

 Expected intrinsic quality (EINQUAL) was measured by six items (E01-E06: expected 

leanness of free-range pork, expected freshness of free-range pork, expected healthiness 

of free-range pork, expected tenderness of free-range pork, expected nutritiousness of 

free-range pork, and expected juiciness of free-range pork).  

 Expected extrinsic quality (EEXQUAL) was also measured by six items (E07-E12: 

expected domestic origin of free-range pork, expected taste of free-range pork, expected 

absence of hormone and drug residues in free-range pork, expected nearby production of 

free-range pork, expected animal welfare in free-range pork, and expected low price of 

free-range pork). 

The observed exogenous variables, on the other hand, were 20 belief items that had been 

constructed based on qualitative pilot research (Ngapo, Dransfield, Martin et al., 2003). No 

clear relationship was known between these items and any underlying constructs. Hence, a 

measurement model based an explorative factor analysis was specified for these variables. 

According to the Bayesian information criterion (BIC)15, the optimum number of factors in 

this part of this measurement model was five (goodness-of-fit statistics are for all models are 

reported in Table 8).  

 The first factor can be understood as attitude towards industrial production (AINDPRO) 

and had salient loadings of two items (B01, “pig production is mostly mass-production”; 

B02, “large-scale production is harmful to pigs”).  

                                                 
15 According to the Akaike information criterion (AIC) the optimum number of factors would have been 

seven. However, the constructs in the higher-dimensional solutions were less intuitively interpretable. 
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 The second factor can be interpreted as ethnocentrism (ETHNO) and had salient loadings 

of three items (B07, “I think that pigs in Denmark have a better life than pigs in other 

European countries”; B08,”pig production in Denmark is better than in other countries”; 

B09, “the control, laws and standards regarding pig production are no stricter in Denmark 

than in other European countries").  

 The third factor can be understood as beliefs about animal welfare (BANIWEL) and had 

salient loadings of four items (B03, “pigs kept outdoor have a better life than pigs kept 

indoor”; B11, “outdoor production is not good for pigs”; B16, “pork from outdoor pigs is 

of better quality than that from conventional pigs”; B19, “raising pigs outdoors is not a 

good idea”).  

 The fourth factor can be interpreted as attitude towards animal welfare (AANIWEL) and 

also had salient loadings of  four items (B10, “it is important to me that the pork I buy 

comes from pigs that are raised in such a way that attention has been paid to their 

physical and behavioural needs”; B14, “the feed the pigs are given influence the quality 

of the meat”; B15, “pigs that have not been subjected to stressful procedures yield meat 

with a higher quality”; B17, “long-distance transport of pigs is harmful to the 

environment”).  

 The fifth factor can be understood as attitude towards outdoor production (AOUTPRO) 

and had salient loadings of two items (B18, “I think it is a good idea to raise pigs 

conventionally”; B20 “all conventional pig production should be converted to outdoor 

production”).  

The model structure is shown in Figure 1 (upper panel). Parameter estimates are 

reported in Table 3. AINDPRO, ETHNO, as well as BANIWEL had significant positive 
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effects on both quality factors. The strongest ones were the effects of BANIWEL on 

EEXQUAL (0.600) and EINQUAL (0.443). Neither AANIWEL nor AOUTPRO had any 

significant effects. The R2 for the prediction of EINQUAL was 0.422, and the R2 for the 

prediction of EEXQUAL was 0.509. 

Conventional structural equation model with simple-structure measurement model 

Model 2 was a conventional structural equation model (SEM) with confirmatory factor 

analysis measurement models that had a simple-structure loading pattern. The measurement 

model was constructed based on the pattern of salient loadings that had been obtained in the 

previously estimated exploratory structural equation model (see above). However, some of 

the belief items had to be excluded because of low and ambiguous loadings (B04, B05, B12, 

B13, B19). An item was specified to be an indicator of a construct of it had its salient loading 

on that construct and if that loading was higher than 0.30.  

Common practice in developing a confirmatory factor analysis model is to begin with an 

exploratory factor analysis and to ignore all loadings whose standardised estimates are below 

a threshold value of 0.30 (Cudeck & O’Dell, 1994; standard errors for rotated solutions are 

not reported by most commercial software packages). Following common practice, we fixed 

all such loadings to zero in the confirmatory factor analysis measurement model (Prooijen & 

van der Kloot, 2001). Also following common practice, we ensured that all Cronbach’s 

alphas were greater than 0.70, that all item-to-item correlations were greater than 0.30, and 

that all item-to-total correlations were greater than 0.50 (e.g., see Robinson, Shaver & 

Wrightsman, 1991).  

The model structure is shown in Figure 1 (lower panel). Parameter estimates are 

reported in Table 4. Since the measurement model had been specified in such a way as to be 

a more constrained version of the exploratory structural equation model estimated before 
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(Model 1, see above) but without rotation and cross-loadings, the results were somewhat 

similar. However, the effects of AINDPRO became insignificant and, equally noteworthy, 

the effect of BANIWEL on EINQUAL increased to 0.867. The effect of ETHNO, on the 

other hand, was similar to the effect it had had in the previous model. The R2 for the 

prediction of EINQUAL was 0.560 (somewhat higher than in Model 1), and the R2 for the 

prediction of EEXQUAL was 0.454 (somewhat lower than in Model 1). A comparison of the 

estimates obtained from Models 1 and 2 clearly indicates that it is not at all a trivial matter 

whether cross-loadings are allowed in a measurement model or not. These results shed 

serious doubt on the generally accepted rule of thumb according to which (cross-) loadings 

can safely be ignored if they do not have a “practically significant” loading with an absolute 

value of at least 0.30 or 0.40. 

Structural equation model with bifactor measurement model 

The third model was a bifactor model with altogether four factors, that is, a confirmatory 

factor analysis model where the intercorrelations between the four factors were replaced with 

a general factor on which all items loaded (see Holzinger & Swineford, 1937). The general 

factor in such a model can be understood as controlling for individual differences in response 

styles such as yea-saying (respondents who give relatively high responses to all items in the 

questionnaire) and nay-saying (respondents who give relatively low responses to all items in 

the questionnaire) and must be orthogonal to all other factors.   

In a first step, an exploratory factor analysis with Varimax rotation was conducted on 

the belief items, suggesting two factors. The KMO was 0.784 and Bartlett’s test of sphericity 

yielded a χ² = 2277.849 (df = 28, p < 0.001), indicating that the correlation matrix was 

appropriate for factor analysis. The measure of sampling adequacy for individual variables 

was much higher than 0.50, and the anti-image table indicated no high partial correlation 
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(much below 0.70). The number of factors was chosen based on the criterion of eigenvalues 

larger than one (the cumulated percentage of total variance extracted by two factors was 

68.869%). Items with a loading lower than 0.30 were deleted and so were items with a 

communality lower than 0.40. Following common rules of thumb, we ensured that all 

Cronbach’s alphas were greater than 0.70, that all item-to-item correlations were greater than 

0.30, and that all item-to-total correlations were greater than 0.50. 

 The first factor can be interpreted as ethnocentrism (ETHNO) and had salient loadings of 

three items (B07, “I think that pigs in Denmark have a better life than pigs in other 

European countries”; B08, “pig production in Denmark is better than in other countries”; 

B09, “the control, laws and standards regarding pig production are no stricter in Denmark 

than in other European countries”).  

 The second factor can be interpreted as attitude towards outdoor production (AOUTPRO) 

and had salient loadings of five items (B02, “large-scale production is harmful to pigs”; 

B03, “pigs kept outdoor have a better life than pigs kept indoor”; B04, “pigs should be 

given the possibility to behave more naturally”; B06, “pork from outdoor pigs is of better 

quality than that from conventional pigs”; B20, “I think it is a good idea to raise pigs 

conventionally”).  

 The third factor can be understood as expected intrinsic quality (EINQUAL) and had 

salient loadings of seven items (E01-E07: expected leanness of free-range pork, expected 

freshness of free-range pork, expected healthiness of free-range pork, expected 

tenderness of free-range pork, expected nutritiousness of free-range pork, expected 

juiciness of free-range pork, and expected domestic origin of free-range pork). Note that 
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this factor also had a salient loading of domestic origin, a characteristic that had been 

defined as extrinsic in the previous models, based on theoretical considerations. 

 The fourth factor can be understood as expected extrinsic quality (EEXQUAL) and had 

salient loadings of four items (E08-E11: expected taste of free-range pork, expected 

absence of hormone and drug residues in free-range pork, expected nearby production of 

free-range pork, and expected animal welfare in free-range pork). 

In a second step, a bifactor measurement model was fitted to the data. In addition, a 

simple-structure measurement model was fitted to the data to serve as a comparison model 

(the model did not contain a general factor but was otherwise identical to the bifactor model). 

Parameter estimates are reported in Table 5. The presence of a general factor in the 

measurement model deflated the loadings of all items on their respective common factors, 

although to different degrees. The loadings on ETHNO changed only to a small degree 

compared to the loadings that had been obtained in the exploratory factor analysis. The 

loadings on AOUTPRO changed more, with differences between exploratory factor analysis 

and bifactor model ranging from 0.06 to 0.30. However, the biggest differences in the 

loadings of were seen in connection with the expected quality constructs, with differences 

between exploratory factor analysis and bifactor model ranging from 0.06 to 1.14. The 

loadings of two items even changed sign.  

In a third step, a structural equation model was estimated with the bifactor model as the 

measurement model. The belief factors were the latent exogenous variables and the expected 

quality factors were the latent endogenous variables. The interrelationships between the 

general factor and the other factors were set to zero. Like before, a simple-structure 

measurement model was fitted to the data to serve as a comparison model (the model did not 
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contain a general factor but was otherwise identical to the bifactor model). The model 

structures are shown in Figure 2. 

Parameter estimates are reported in Table 6. The deflation of estimates that had already 

occurred in the measurement part of the model was also observed in the structural part. All 

effects in the structural model were significant. The effects of AOUTPRO on both expected 

quality factors were strong (with standardised coefficients around 0.70) whereas the effects 

of ETHNO were weak (with standardised coefficients around 0.15). The deflation was also 

observed in the R2 values which were in both cases reduced by more than 80% (from just 

below 0.50 to just below 0.10). 

Simple path model analysis based on factor scores 

The next model was a simple path analysis based on factor scores. In an initial step, a 

maximum likelihood factor analysis with Promax rotation was performed, with the criterion 

that the eigenvalues should be larger than one and that the cumulative amount of total 

variance extracted should be greater than 60%. The correlation matrix exhibited no serious 

partial correlation, individual and overall measures of sampling adequacy were higher than 

0.50 and all communalities were higher than 0.40. This led to a four-factor solution.  

The first two factors appeared identical to two factors that had been obtained in the 

preliminary factor analysis for the bifactor model (ETHNO and AOUTPRO, see above). The 

remaining two factors were also similar and were therefore labelled EINQUAL and 

EEXQUAL again. However, in addition to the six items from the previous solution, expected 

taste of free-range pork had its salient loading on EINQUAL too. Only two items had their 

salient loadings on EEXQUAL (expected absence of hormone and drug residues in free-

range pork, expected animal welfare in free-range pork). All Cronbach’s alphas were greater 
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than 0.70, all item-to-item correlations were greater than 0.30, and all item-to-total 

correlations were greater than 0.50.  

Factor scores were saved from the factor analysis and used as variables in a path model. 

ETHNO and AOUTPRO were specified as exogenous and EINQUAL and EEXQUAL as 

endogenous. The model structure is shown in Figure 3 (lower panel). Parameter estimates are 

presented in Table 6. The results were similar to the results of the structural equation model 

that had been estimated as a comparison model for the structural equation model with the 

bifactor model measurement model (i.e., identical to the bifactor model but without the 

general factor). The effect of AOUTPRO on EEXQUAL was somewhat attenuated. As 

expected, the R² values were smaller (0.04 and 0.17, respectively).  

Structural equation model based on causal search algorithms  

The eighth model was a structural equation model in which the structural model was 

constructed inductively, based on the results of a causal search algorithm. In an initial step, 

the data were split into a learning/estimation sample (298 randomly selected observations) 

and an independent test sample (the remaining 298 observations). In a second step, a 

measurement model was specified that a combination the best-fitting simple structure 

measurement models obtained in the previous analysis: the loading patterns on AINDPRO, 

ETHNO, AOUTPRO, AANIWEL and BANIWEL were the same as in the conventional 

structural equation model with a simple-structure measurement model (see above), and the 

loading patterns on PINQUAL and PEXQUAL were the same as in the comparison model 

for the structural equation model with a bifactor measurement model (also see above).  

In a third step, the MIMBUILD algorithm in the software package TETRAD IV was 

used to identify the equivalence class of all structural equation models that could have 

generated the data in the learning sample, given the specified measurement model. 



160 

MIMBUILD is the equivalent of the PC algorithm for datasets in which all observed 

variables load on latent variables in a simple-structure pattern (Spirtes et al., 2000; see 

above). In a fourth step, a structural equation model was specified based on the resulting 

directed acyclic graph and estimated by maximum likelihood in Mplus 6. The twelve 

estimated parameter matrices were saved ( ,  ,  ,  , ,  ,  ,  ,  ,  , ,      x y x y     
 
and  ). 

In a fifth and final step, these estimates were imposed as fixed parameters on the model 

when it was estimated again in the test sample. The standardised root mean squared residual 

(RMR) in the test sample was 0.075, which can be regarded as an acceptable fit according to 

the criteria suggested by Hu and Bentler (1999).  

The model structure is shown in Figure 3 (upper panel). Parameter estimates obtained in 

the learning sample are reported in Table 7. The most direct “competitor” of this model is the 

conventional structural equation model with a simple-structure measurement model that was 

estimated as the second model in the analyses reported here (see above). The most striking 

difference to the present model is that two factors which had previously been considered as 

exogenous were identified as endogenous by the causal search algorithm: BANIWEL turned 

into a mediator variable, and AANIWEL turned into a dependent variable.  

Since the present model contained mediated effects whereas the previous one did not, 

effect sizes could only be compared across the two models in terms of total effects. In the 

previous model there were no significant effects of AINDPRO on EINQUAL or EEXQUAL. 

In the present model, however, the effects were 0.27 and 0.32 respectively, and they were 

significant. Likewise, the effects of AOUTPRO on EINQUAL and EEXQUAL became 

significant and negative in the present model (-0.42 and -0.25). The effects of ETHNO and 

BANIWEL were similar in both models. Furthermore, AINDPRO, ETHNO, and AOUTPRO 

now had significant effects on AANIWEL, which had in the previous model been specified 

as exogenous. 
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DISCUSSION 

Two recent structural equation modelling approaches were discussed in this paper. Both 

are based on a more liberalised and inductive philosophy than the traditional hypothetical-

deductive and falsificationist approach. The first of these was exploratory structural equation 

modelling. In this approach, the restrictive requirement of highly constrained measurement 

models with simple structure is given up in favour of measurement models that are based on 

exploratory factor analysis. The second approach was the use of causal search algorithms. In 

this approach, the pattern of conditional independence and dependence relations in a given 

multivariate data set is exhaustively searched in order to identify which relations can be 

causally interpreted. Whilst exploratory structural equation modelling takes a more inductive 

stance on the construction of measurement models, causal search algorithms take a more 

inductive stance on the construction of structural models.  

In an empirical example, these two modelling techniques were applied to data from a 

consumer survey about free-range pork production systems. The study had not been planned 

as a stringent test of a particular theory. Rather—and this is a situation which is not 

uncommon in applied research—it had been motivated by practical considerations, in this 

case the market potential of free-range pork. The survey questionnaire included measures of 

beliefs about conventional and free-range pork production systems and expectations of the 

quality of the meat products resulting from free-range systems.  

In addition to exploratory structural equation modelling and causal search algorithms, 

three more established modelling approaches are applied to the same data (structural equation 

modelling with simple-structure measurement models, structural equation modelling with 

bifactor measurement models, simple path analysis based on factor scores). Each model was 

constructed according to common practice and rules of thumb that are typical in the respective 
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modeling approaches, and each estimated by common techniques. In the following, the results 

from these different approaches will be compared in terms of four criteria: parsimony and fit, 

plausibility, consistency with theory, and convergence in conclusions.  

Parsimony and fit 

Goodness-of-fit statistics for all models are shown in Table 8. The simple path analysis 

had the lowest number of free parameters and is in a superficial sense the most parsimonious 

one. However, seen in the context of the other models, the simple path analysis is an 

exception: it did not have positive degrees of freedom and is therefore not a model in a strict 

sense. Hence, its perfect fit cannot really be compared to the fit of the other models, all of 

which were actual models in the sense that they had positive degrees of freedom.  

Among these “actual” models, the one with the lowest number of free parameters was the 

comparison model for the structural equation model with a bi-factor measurement model (i.e., 

the same model but without the general factor; 63 free parameters). The model had only two 

latent exogenous factors and two latent endogenous factors. However, both information-

theoretic goodness-of-fit criteria (AIC and BIC) would point to a slightly more complex 

model as the best representation of the data even when parsimony is an important model 

selection criterion (as is assumed by the BIC). This model would be the structural equation 

model with a bi-factor measurement model (80 free parameters), followed by the structural 

equation model based on causal search algorithms (88 free parameters). The exploratory and 

the conventional structural equation model had considerably more free parameters and can 

therefore not really be regarded as parsimonious.  

The other goodness-of-fit measures reported in Table 8 (CFI, TLI, RMSEA and SRMR) 

are not particularly helpful for evaluating the models against each other. In terms of these fit 
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measures, all models had a very satisfactory fit to the data, and there is only little 

differentiation between the models in terms of any of these measures.     

Plausibility 

All models can be regarded as plausible in the sense that no reader, peer reviewer or 

journal editor would take immediate offence due to a gross lack of face validity of the results. 

Hence, plausibility is not a criterion that would allow the modeller to favour one particular 

model over the others. The problem here is more oblique, especially in light of the fact that all 

models fitted the data exceptionally well: if the modeller had only attempted to find a 

plausible representation of the data that also yielded an acceptable fit, all models would have 

fulfilled this criterion and would therefore in all likelihood have marked the end of the 

modelling process. Depending on which modelling approach was initially chosen, however, 

completely different models would have resulted. 

Consistency with theory 

Consistency with theory is another criterion in terms of which the models are difficult to 

compare. At a first glance, the total food quality model by Grunert, Larsen, Madsen and 

Baadsgaard (1996; also see Grunert et al., 2004)—a common framework used in studies on 

consumer perception of food quality—might seem to suggest that intrinsic and extrinsic 

quality cues should somehow be grouped together, respectively. However, a closer 

examination of the framework shows that it does not predict any such thing as a factor-

analytic covariance structure in which common underlying factors cause covariation between 

the perceived intrinsic quality cues and between the extrinsic quality cues, respectively. No 



164 

other models or frameworks exist either (or at least none are known to the author) which 

would make such a precise prediction.  

On the belief side, the situation with the measurement models is similar. None of the 

existing belief-based attitude theories in the Fishbein and Ajzen (1975) tradition predict a 

factor-analytic covariance structure or any other type of pattern in the interrelationship of 

different beliefs that would allow the specification of a particular measurement model. The 

beliefs themselves are considered exogenous to the theory, and so are their interrelationships. 

Like all psychological theories of attitude, belief-based models focus on general mechanisms, 

not on the specific structures that may result from them in particular life domains. 

The Fishbein and Ajzen (1975) theory makes one prediction against which the results 

obtained here can be evaluated. The theory assumes that beliefs (or rather, bilinear 

combinations of accessible beliefs about particular properties of an attitude object and 

evaluations of these properties) are causal antecedents of attitude. And indeed, the structural 

equation model that was based on causal search algorithms suggested that beliefs about 

animal welfare are causal antecedents of attitude towards animal welfare, and that these 

beliefs are in turn causally dependent on attitude towards industrialised meat and livestock 

production systems. The structural equation model based on causal search algorithms was the 

only one that yielded such a result. All other models were causally underspecified, allowing 

undirected covariation between the exogenous variables without assuming particular 

directions of influence that would lead to such covariation.     

Convergence in conclusions  

It should be stressed that the other models fitted here do not exclude the interpretation 

suggested by the structural equation model based on causal search algorithms. The 

exploratory structural equation model and the conventional structural equation model merely 
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do not specify a particular direction of influence among the variables they regard as 

exogenous. In the bifactor model and its comparison model without general factor, a 

common underlying latent factor accounted for the covariation between all belief and attitude 

items related to animal welfare, industrialised production and outdoor production. Implicitly, 

this was also assumed in the simple path analysis based on factor scores. In this sense, none 

of the other models would lead to different conclusions about the interrelationships between 

the variables they regard as exogenous; they would just lead to less detailed conclusions and 

they would not assume a particular direction of causal influence.  

A conclusion that is directly supported by all models fitted here is that people’s attitude 

towards outdoor pork production has a relatively strong influence on their expectations 

regarding the quality of meat from outdoor pork production. All models regarded attitude 

towards outdoor pork production as exogenous, and all models estimated its influence on 

quality expectations to be much higher than the influence of other factors in the model. The 

exploratory structural equation model and the conventional structural equation model were 

more ambiguous than the others though in their support of this conclusion. Both allowed—

and found—a correlation between the residuals in the structural equations predicting 

expected intrinsic quality and expected extrinsic quality, respectively. Since both structural 

models were saturated, this amounts to an admission of model incompleteness: only an 

unobserved factor that was omitted in the model specification could have caused the 

correlation between the residuals.    

CONCLUSION 

The aim of the present paper was to assess how the two “liberalised” and more inductive 

approaches to structural equation modelling discusses here—exploratory structural equation 
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modelling and the use of causal search algorithms—would fare in practice when confronted 

with a modelling task that is typical in applied research: building an acceptable model from 

data that cannot be understood as a stringent operationalisation of a particular theory. In the 

previous section, the performance of these two approaches was compared to the performance 

of three more established ones in terms of four criteria: parsimony and fit, plausibility, 

consistency with theory, and convergence in conclusions.  

The overall conclusion that can be drawn from the results is relatively simple: in the 

author’s opinion, only the use of causal search algorithms led to results that were sufficiently 

more detailed and interesting (compared the results obtained by more traditional approaches) 

to make the new approach a real improvement. This applies particularly to modelling tasks 

where no substantial theory exists that would allow the specification of a causally 

unambiguous model. Exploratory structural equation modelling, on the other hand, did not 

lead to any new conclusions that would not also have been reached by following one of the 

more established approaches. In the author’s opinion, the approach is an improvement in 

“modelling convenience”:  it cuts the modelling process short by making the initial (and 

usually unreported) specification search for a well-fitting measurement model superfluous. On 

the other hand, it does not lead to major differences in the conclusions that can be drawn from 

a model, which would typically be based on the results obtained in the structural part of the 

model and not in the measurement part, where the difference between conventional and 

exploratory structural equation modelling is located. 
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Table 1. Demographic characteristics of participants 

Demographics Statistics 

Sample size N 664 

Response rate % 50 

Age Mean 48.2 
 (Std) (15.0) 
 Range 13-86 

Gender % female 75 

Marital status % single 27 

Education % compulsory 16 
 % upper secondary 33 
 % higher education 51 

Employment  % employed 63 
Status % self-employed  6 
 % unemployed  4 
 % retired 23 

Household size Mean 2.5 
 (Std) (1.2) 

Presence of children % households with 43 

Number of children Mean 1.9 
(only when present) (Std) (0.9) 
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Table 2. Observed measures 

      
Item Label Min Max Mean SD 
      
      
B01 Pig production is mostly mass-production 1 7 5.933 1.222 
B02 Large-scale production is harmful to pigs 1 7 5.420 1.508 
B03 Pigs kept outdoor have a better life than pigs kept indoor 1 7 6.063 1.264 

B04 
Pigs should be given the possibility to behave more 
naturally 

1 7 5.993 1.111 

B05 Long distance transportation on lorries is not harmful to pigs 1 7 2.212 1.592 

B06 
There is no difference in pig production between European 
countries 

1 7 2.671 1.377 

B07 
I think that pigs in Denmark have a better life than pigs in 
other European countries 

1 7 4.443 1.198 

B08 Pig production in Denmark is better than in other countries 1 7 4.475 1.191 

B09 
The control, laws and standards regarding pig production are 
no stricter in Denmark than in other European countries 

1 7 4.898 1.212 

B10 
It is important to me that the pork I buy comes from pigs 
that are raised in such a way that attention has been paid to 
their physical and behavioural needs 

1 7 5.613 1.245 

B11 Outdoor production is not good for pigs 1 7 1.918 1.235 
B12 Raising pigs outdoor is too expensive 1 7 3.744 1.663 

B13 
It is a good idea to use antibiotics in pig production to 
prevent disease 

1 7 2.473 1.488 

B14 The feed the pigs are given influence the quality of the meat 1 7 5.819 1.242 

B15 
Pigs that have not been subjected to stressful procedures 
yield meat with a higher quality 

1 7 6.169 1.171 

B16 
Pork from outdoor pigs is of better quality than that from 
conventional pigs 

1 7 5.614 1.339 

B17 
Long distance transport of pigs is harmful to the 
environment 

1 7 4.890 1.662 

B18 I think it is a good idea to raise pigs conventionally 1 7 3.397 1.619 
B19 Raising pigs outdoors is not a good idea 1 7 2.538 1.785 

B20 
All conventional pig production should be converted to 
outdoor production 

1 7 4.533 1.783 

E01 Expected leanness of free-range pork 1 7 4.592 1.241 
E02 Expected freshness of free-range pork 1 7 4.693 1.244 
E03 Expected healthiness of free-range pork 1 7 5.105 1.229 
E04 Expected tenderness of free-range pork 1 7 4.854 1.184 
E05 Expected nutritiousness of free-range pork 1 7 5.001 1.216 
E06 Expected juiciness of free-range pork 1 7 4.951 1.185 
E07 Expected domestic origin of free-range pork 1 7 5.174 1.154 
E08 Expected taste of free-range pork 1 7 5.225 1.223 

E09 
Expected absence of hormone and drug residues in free-
range pork 

1 7 5.169 1.247 

E10 Expected nearby production of free-range pork 1 7 4.165 1.319 
E11 Expected animal welfare in free-range pork 1 7 5.478 1.139 
E12 Expected low price of free-range pork 1 7 3.063 1.280 
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Table 3. Exploratory structural equation model: standardised estimates of factor loadings and path 

coefficients (ML estimates) 

         
EFA-part AINDPRO ETHNO BANIWEL AANIWEL AOUTPRO 
Variables Est.     p  Est.     p  Est.     p  Est.     p  Est.     p  
         
         
B01 .519 .000 -.050 .136 .036 .615 .077 .151 -.173 .041 
B02 .846 .000 -.012 .621 .020 .661 -.010 .682 .076 .537 
B03 .342 .002 .024 .279 .562 .000 -.040 .264 -.014 .776 
B04 .289 .000 .015 .552 .206 .098 .216 .011 .287 .061 
B05 -.057 .377 .070 .091 -.143 .076 -.184 .005 -.090 .395 
B06 .081 .270 -.073 .094 -.127 .119 -.095 .120 -.054 .496 
B07 -.010 .674 .904 .000 -.001 .975 -.013 .462 .035 .097 
B08 -.021 .341 .960 .000 .014 .567 -.022 .175 .009 .557 
B09 .018 .653 .665 .000 .003 .958 .087 .045 -.104 .041 
B10 .009 .666 .147 .001 -.038 .456 .481 .000 .419 .028 
B11 .005 .924 .052 .125 -.643 .000 -.036 .401 -.009 .894 
B12 .099 .186 .121 .005 -.129 .258 -.111 .153 -.252 .002 
B13 -.077 .312 .099 .018 -.081 .297 -.185 .004 -.119 .275 
B14 .110 .104 .061 .123 .014 .836 .412 .000 -.079 .534 
B15 -.099 .156 -.024 .267 .138 .370 .673 .000 -.080 .625 
B16 .054 .260 .021 .366 .656 .000 .132 .037 .127 .299 
B17 .137 .071 -.028 .355 -.194 .014 .427 .000 .147 .347 
B18 -.009 .799 .152 .000 -.294 .130 .061 .361 -.492 .000 
B19 -.060 .413 .045 .262 -.337 .000 .004 .937 .006 .922 

B20 .042 .350 .012 .578 .344 .116 -.007 .920 .573 .000 
         
         

CFA-part EINQUAL EEXQUAL Path EINQUAL EEXQUAL 

Variables Est.     p  Est.     p  from Est.     p  Est.     p  
         
         
E01 .584 .000 0  AINDPRO .164 .006 .181 .007 
E02 .812 .000 0  ETHNO .159 .000 .144 .000 
E03 .886 .000 0  BANIWEL .443 .000 .600 .000 
E04 .878 .000 0  AANIWEL .034 .569 .033 .599 
E05 .887 .000 0  AOUTPRO .167 .104 -.005 .956 
E06 .909 .000 0      
E07 0  .586 .000 R2 .422 .509 
E08 0  .900 .000     
E09 0  .700 .000     
E10 0  .416 .000     
E11 0  .689 .000     
E12 0  .156 .000     
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Table 4. Conventional structural equation model with simple-structure measurement model: 

standardised estimates of factor loadings and path coefficients (ML estimates) 

           
CFA AINDPRO ETHNO BANIWEL AANIWEL AOUTPRO 
Variables Est.     p  Est.     p  Est.     p  Est.     p  Est.     p  
         
B01 .460 .000 0  0  0  0  
B02 .955 .000 0  0  0  0  
B03 0  0  .755 .000 0  0  
B07 0  .901 .000 0  0  0  
B08 0  .959 .000 0  0  0  
B09 0  .675 .000 0  0  0  
B10 0  0  0  .686 .000 0  
B11 0  0  -.616 .000 0  0  
B14 0  0  0  .388 .000 0  
B15 0  0  0  .499 .000 0  
B16 0  0  .802 .000 0  0  
B17 0  0  0  .457 .000 0  
B18 0  0  0  0  -.691 .000 
B19 0  0  -.359 .000 0  0  
B20 0  0  0  0  .829 .000 
         
           
CFA EINQUAL EEXQUAL  Path EINQUAL EEXQUAL 
Variables Est.     p  Est.     p   from Est.     p  Est.     p  
         
         
E01 .584 .000 0  AINDPRO .019 .748 .059 .284 
E02 .811 .000 0  ETHNO .139 .001 .160 .000 
E03 .885 .000 0  BANIWEL .867 .000 .577 .000 
E04 .879 .000 0  AANIWEL -.022 .722 .026 .659 
E05 .886 .000 0  AOUTPRO .147 .123 -.063 .460 
E06 .909 .000 0      
E07 0  .585 .000 R2 .560 .454 
E08 0  .902 .000     
E09 0  .697 .000     
E10 0  .418 .000     
E11 0  .685 .000     
E12 0  .165 .000     
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Table 5. Bifactor confirmatory factor analysis and structural equation model with bifactor 

measurement model: standardised estimates of factor loadings (ML estimates) 

 Bi-factor CFA  Bi-factor SEM  
G by Est.     p  Est.     p   
         
         
B02 .459 .000 .441 .000  
B03 .475 .000 .444 .000  
B04 .384 .000 .368 .000  
B07 .016 .714 .033 .431  
B08 .005 .905 .021 .609  
B09 .030 .476 .037 .373  
B16 .617 .000 .585 .000  
B20 .467 .000 .453 .000  
E01 .511 .000 .559 .000  
E02 .716 .000 .799 .000  
E03 .843 .000 .879 .000  
E04 .860 .000 .882 .000  
E05 .875 .000 .874 .000  
E06 .911 .000 .956 .000  
E07 .546 .000 .529 .000  
E08 .885 .000 .845 .000  
E09 .627 .000 .608 .000  
E10 .370 .000 .368 .000  
E11 .606 .000 .566 .000  
     

 Bi-factor CFA CFA Bi-factor SEM SEM 
 Est.     p  Est.     p  Est.     p  Est.     p  
 
ETHNO by     
B07 .897 .000 .898 .000 .897 .000 .898 .000 
B08 .964 .000 .963 .000 .963 .000 .963 .000 
B09 .671 .000 .672 .000 .671 .000 .672 .000 
AOUTPRO by             
B02 .535 .000 .696 .000 .553 .000 .696 .000 
B03 .590 .000 .757 .000 .634 .000 .757 .000 
B04 .639 .000 .691 .000 .632 .000 .691 .000 
B16 .445 .000 .774 .000 .475 .000 .774 .000 
B20 .503 .000 .685 .000 .504 .000 .685 .000 
EINQUAL by          
E01 .392 .000 .584 .000 .222 .000 .584 .000 
E02 .631 .000 .811 .000 .179 .000 .811 .000 
E03 .260 .000 .884 .000 .361 .000 .884 .000 
E04 .173 .000 .879 .000 -.088 .014 .879 .000 
E05 .110 .011 .886 .000 .144 .000 .886 .000 
E06 .108 .001 .910 .000 -.231 .000 .910 .000 
EEXQUAL by          
E07 .215 .000 .587 .000 .250 .000 .587 .000 
E08 .102 .001 .905 .000 .196 .000 .905 .000 
E09 .460 .000 .698 .000 .480 .000 .698 .000 
E10 .213 .000 .414 .000 .218 .000 .414 .000 
E11 .584 .000 .684 .000 .627 .000 .684 .000 
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Table 6. Structural equation model with bifactor measurement model, structural equation model with 

comparable simple-structure measurement model, and simple path analysis: standardised estimates of 

path coefficients (ML estimates) 

 
 Bi-factor SEM SEM Path model 

   
Path  EINQUAL EEXQUAL EINQUAL EEXQUAL EINQUAL EEXQUAL 
from Est.    p Est.    p Est.    p Est.    p Est.    p Est.    p 
             
             
ETHNO .096 .098 .061 .289 .151 .000 .126 .001 .164 .000 .110 .001 
AOUTPRO .270 .000 .306 .001 .676 .000 .710 .000 .647 .000 .573 .001 
           
R2 .071 .089 .446 .490 .407 .318 
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Table 7. Structural equation model with simple-structure measurement model, based on causal search 

algorithm: standardised estimates of factor loadings and path coefficients (ML estimates) 

         
 EINQUAL EEXQUAL AINDPRO ETHNO BANIWEL AANIWEL AOUTPRO  
 Est. Est. Est. Est. Est. Est. Est. p 
         
         
E02 .795 0 0 0 0 0 0 .000 
E03 .881 0 0 0 0 0 0 .000 
E04 .876 0 0 0 0 0 0 .000 
E05 .888 0 0 0 0 0 0 .000 
E06 .913 0 0 0 0 0 0 .000 
E08 .864 0 0 0 0 0 0 .000 
E09 0 .819 0 0 0 0 0 .000 
E11 0 .798 0 0 0 0 0 .000 
         
B01 0 0 .466 0 0 0 0 .000 
B02 0 0 .946 0 0 0 0 .000 
B03 0 0 0 0 .761 0 0 .000 
B07 0 0 0 .901 0 0 0 .000 
B08 0 0 0 .959 0 0 0 .000 
B09 0 0 0 .675 0 0 0 .000 
B10 0 0 0 0 0 .682 0 .000 
B11 0 0 0 0 -.623 0 0 .000 
B14 0 0 0 0 0 .393 0 .000 
B15 0 0 0 0 0 .500 0 .000 
B16 0 0 0 0 .791 0 0 .000 
B17 0 0 0 0 0 .457 0 .000 
B18 0 0 0 0 0 0 .687 .000 
B19 0 0 0 0 -.365 0 0 .000 
B20 0 0 0 0 0 0 -.832 .000 
          

         
 BANIWEL AANIWEL EINQUAL EEXQUAL 
 Est.     p Est.     p Est.     p Est.     p 
         
         
Direct effects         
AINDPRO .346 .000 .156 .166 .053 .456 .050 .597 
ETHNO .005 .907 .244 .000 .160 .000 .108 .033 
AOUTPRO -.588 .000 -.182 .300 -.051 .595 .222 .032 
BANIWEL   .296 .096 .620 .000 .793 .000 
         
Total effects         
AINDPRO .346 .000 .258 .016 .268 .000 .324 .000 
ETHNO .005 .907 .245 .000 .163 .000 .112 .027 
AOUTPRO -.588 .000 -.356 .002 -.416 .000 -.245 .004 
BANIWEL   .296 .096 .620 .000 .793 .000 
         
R2 .699 .329 .473 .435 
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Table 8. Goodness-of-fit statistics for all models 

          

Model type χ² df 
N of free 
params 

CFI TLI AIC BIC RMSEA SRMR 

          
          

Exploratory structural equation model        
1 factor  2476.442 461  .728 .707 57912 58347 .086 .082 
2 factors 1431.142 440  .866 .849 56714 57241 .061 .053 
3 factors 1342.652 420  .875 .853 56574 57189 .061 .047 
4 factors 1169.590 401  .896 .872 56437 57136 .057 .045 
5 factors 1098.355 383 177 .903 .875 56359 57135 .056 .043 
6 factors 984.391 366  .916 .887 56292 57144 .053 .038 
7 factors 913.415 350  .924 .892 56251 57173 .052 .037 
8 factors    No convergence       

          
Conventional structural 
equation model with 
simple-structure 
measurement model  

946.301 303 102 .902 .887 46413 46861 .060 .048 

          
Structural equation model 
with bifactor measurement 
model 

392.278 129 80 .965 .954 30044 30395 .059 .044 

Comparison model 
without general factor 

702.391 146 63 .927 .914 30320 30596 .080 .042 

          
Simple path analysis based 
on factor scores 

0.000 0 9 1.00 1.00 5724 5764 .000 .000 

          
Structural equation model 
based on causal search 
algorithms (learning 
sample, N = 298)  

468.556 249 88 .975 .949 39096* 39482* .055 .041 

      *All observations   
  



178 

 

 

Figure 1. Path diagram representation of exploratory structural equation model (upper panel) and 

conventional structural equation model with simple-structure measurement model (lower panel) 
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Figure 2. Path diagram representation of structural equation model with bifactor measurement model 

(upper panel) and comparison model without the general factor (lower panel)  
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Figure 3. Path diagram representation of structural equation model based on causal search algorithms 

(upper panel) and simple path analysis based on factor scores (lower panel) 
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