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ENGLISH SUMMARY 

This dissertation consists of five self-contained chapters on implicit information processing at 
the point of sale. The first three chapters focus on price information, a product attribute relevant in 
all consumer choices. The fourth chapter describes the influence of product attribute surface size on 
visual attention and the last chapter investigates the role of knowledge on consumer decision-
making. The common denominator of all chapters is the assumed supermarket shopping situation. 
Consumers have to process the available product attribute information to evaluate the product 
offerings and decide on the option they prefer. This situation is often characterised by a distracting 
environment and time pressure. Consequently, much of consumer information processing at the 
point of sale takes place outside of consumers’ conscious awareness. All studies presented in this 
dissertation therefore make use of indirect methods to shed light on information processing instead 
of probing consumers directly about their processing techniques. Information spill-over effects 
between shopping tasks, implicit learning of price information and visual attention to individual 
product attributes are of key concern to this manuscript collection.  

The first chapter in this thesis, Mechanisms of price information transfer, co-authored with 
Joachim Scholderer and Stephan Zielke, contributes to the literature on behavioural pricing by 
suggesting two mechanisms of price information transfer between product categories. In the 
supermarket shopping situation, it is likely that price information obtained in one category spills 
over to the price evaluation of a subsequently encountered category; in other words, the price for 
milk can affect the price evaluation for yoghurt. The internal reference price - a range of acceptable 
prices for the given product category - is assumed to be the determining comparison standard. If the 
reference price was not considered prior to the task, we expect a generalisation of the price level of 
the first encountered category to the latter category. For example, if milk at a low price level was 
observed first, we also expect yoghurt to be perceived as cheap. If the reference price was however 
considered before the shopping task, we expect the perceived price level of yoghurt to be contrary 
to that of milk due to assimilation and contrast effects. In this manuscript, we formally introduce 
and test the models of price information transfer with empirical support from three laboratory 
experiments. Previous versions of this manuscript have been presented, for instance at the 42nd 
Association for Consumer Research North American Conference, and the article won the best 
student paper award of the Institutional and Behavioural Economics Section at the 2015 
Agricultural and Applied Economics Association Annual Meeting. The manuscript is currently 
prepared for invited re-submission to the Journal of Consumer Research. 

As a result of the work in chapter 1, it became clear that the role of the internal reference price 
deserves closer attention. Despite extensive research on the use of the internal reference price, little 
is known about how it is constructed for a product category that is so far unknown by the consumer. 
The second chapter of this thesis, Reference price formation under controlled experimental 
conditions, co-authored with Joachim Scholderer and Stephan Zielke, gains methodological ground 
on how a reference price can be learned for an unknown product category. Based on the results 
from two laboratory experiments, we find evidence for an implicit learning process based on 
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repetition or through transfer of price information between visually similar product categories. 
Critical for the learning process is that the relationship between the presented price and the product 
attribute value follows a strict regularity, a condition which is often not fulfilled in product 
innovation testing. A shorter version of this manuscript was accepted for presentation at the 45th 
European Marketing Academy Conference. 

The third chapter, Reference price usage across store formats, has a more applied focus by 
making use of scanner panel data from a supermarket and a discount chain. This manuscript 
investigates the role of the internal relative to the external reference price as comparison standard 
across the two store formats. In this case, the internal reference price consists of prices previously 
paid whereas the external reference price is a reflection of the prices of the whole assortment on the 
shelf. Applying finite mixture modelling to a low involvement product category with moderate 
purchase frequency, I find that the internal reference price plays a greater role in a supermarket 
setting relative to a discount store. I attribute these findings to the generally lower price image of 
discount chains, which makes the current prices on the shelf more salient than the price history of a 
given product. This work was submitted for presentation to the 44th Association for Consumer 
Research North American Conference. 

The fourth chapter, A review of the findings and theories on surface size effects on visual 
attention, co-authored with Jacob Orquin, uses data from a choice experiment for different product 
categories to introduce and assess a model that explains the effect of attribute surface size on visual 
attention. We find that the focal attribute’s surface size, the number of other attributes in the visual 
scene and the focal attribute’s distance to the centre of the scene determine the visual attention 
devoted to this attribute. These findings are relevant for understanding consumer decision-making 
at the point of sale since visual attention is a key determinant for purchase likelihood. The work on 
this chapter served as a crucial training phase for the formalisation developed in chapter 1. This 
manuscript was published in Frontiers in Psychology (4), pp.1-10. 

The final chapter of this thesis, How does consumer knowledge affect environmentally 
sustainable choices? Evidence from a cross-country latent class analysis of food labels, co-authored 
with Carola Grebitus, Bodo Steiner and Michele Veeman, presents findings from two choice 
experiments conducted in Germany and Canada with two staple food products labelled with carbon 
and water footprints. Using latent class choice analysis, we find that consumers with an above 
average subjective and objective knowledge about environmental issues were more likely to choose 
more environmentally friendly alternatives, regardless of the price. If only objective knowledge was 
high, the price was more important than footprint information. If only subjective knowledge was 
high, the choices made did not reflect environmentally friendly behaviour. The method of analysis 
used in this chapter enabled me to develop and apply the model used in chapter 3. This manuscript 
was accepted for publication at Appetite. 
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DANSK RESUMÉ 

Denne afhandling består af fem selvstændige artikler, der omhandler implicit informationsbehandling 
på salgsstedet. De første tre kapitler fokuserer på prisinformation, hvilket er relevant i forbindelse med 
alle de valg, man som forbruger træffer. Den fjerde kapitel beskriver, hvilken betydning 
overfladestørrelse har for synligheden for et produkts attributter, og den sidste kapitel undersøger, 
hvilken rolle forbrugernes viden spiller i deres valg. Fællesnævneren for alle afhandlingens artikler er 
den antagede indkøbssituation i et supermarked. Forbrugere bearbejder den information, der er til 
rådighed om et produkt, for at danne sig et overblik over de produkter der tilbydes og derudfra beslutte, 
hvilket produkt de foretrækker. En sådan situation vil ofte være tidspresset og finde sted i forstyrrende 
omgivelser. Forbrugeren vil derfor behandle produktinformationen i sin underbevidsthed. Alle studier i 
denne afhandling gør derfor udelukkende brug af indirekte metoder til at frembringe viden om 
informationsbehandling fremfor at spørge forbrugerne direkte om deres teknikker i forhold til 
informationsbehandling. Effekter af informationsspillover mellem indkøb, implicit tilegnelse af viden 
om pris og synligheden af hver produktattribut er centrale for afhandlingen.  

Afhandlingens første kapitel, Mechanisms of price information transfer, er skrevet sammen med 
Joachim Scholderer og Stephan Zielke og bidrager til den del af litteraturen, der beskæftiger sig med 
adfærdsmæssige forhold der har betydning ved prisfastsættelsen (behavioural pricing). Artiklen 
fremsætter to mekanismer for overførsel af prisinformation mellem produktkategorier. I 
indkøbssituationen beskrevet ovenfor er det sandsynligt, at prisinformation opnået i én produktkategori 
har en afsmittende effekt på prisevalueringen i den kategori, forbrugeren ser på efterfølgende; med 
andre ord, kan prisen på mælk have en indvirkning på forbrugerens evaluering af prisen på yoghurt. Den 
interne referencepris – det prisinterval som forbrugeren er villig til at betale for en given 
produktkategori – udgør sammenligningsgrundlaget. Såfremt der ikke er taget stilling til referenceprisen 
inden indkøbssituationen, så forventes en generalisering af prisniveauet fra den første kategori til den 
anden kategori. F.eks. hvis mælk har et lavt prisniveau og observeres først, så opfattes prisen på yoghurt 
også som lav. Såfremt der er taget stilling til referenceprisen inden indkøbssituationen, så opfattes 
prisniveauet for yoghurt som modsat prisniveauet for mælk på grund af assimilerings- og 
kontrasteffekter. I denne artikel introducerer og tester vi modellerne for overførsel af prisinformation 
med empirisk støtte fra tre laboratorieeksperimenter. Tidligere versioner af denne artikel har blandt 
andet været præsenteret på The 42nd Association for Consumer Research North American Conference, 
og artiklen vandt desuden prisen for best student paper award of the Institutional and Behavioural 
Economics Section ved The Agricultural and Applied Economics Association Annual Meeting i 2015. 
Artiklen er blevet inviteret til genindsendelse til Journal of Consumer Research. 

Som følge af arbejdet med kapitel 1 blev det klart, at der er behov for mere forskning i den rolle den 
interne referencepris spiller. Trods omfattende forskning i brugen af den interne referencepris, så ved 
man stadig kun lidt om, hvordan den konstrueres for en produktkategori, der er ukendt for forbrugeren. 
Afhandlingens andet kapitel, Reference price formation under controlled experimental conditions, er 
skrevet sammen med Joachim Scholderer og Stephan Zielke og vinder metodisk fodfæste ved at 
undersøge, hvordan man opnår en referencepris for en ukendt produktkategori. På grundlag af resultater 



DANSK RESUMÉ 

x 

fra to laboratorieeksperimenter finder vi evidens for en implicit læringsproces baseret enten på 
gentagelse eller på overførsel af prisinformation mellem produktkategorier, der visuelt ligner hinanden. 
Et kritisk punkt for læringsprocessen er, at forholdet mellem pris og produktets værdi følger en streng 
regularitet, et forhold der ofte ikke er opfyldt ved test af produktinnovation. En kortere version af denne 
artikel blev accepteret for præsentation til 45th European Marketing Academy Conference. 

Afhandlingens tredje kapitel, Reference price usage across store formats, har et mere 
anvendelsesorienteret fokus, idet der anvendes scanner panel data fra et supermarked kæde og en 
discountkæde. Artiklen undersøger, hvilken rolle den interne referencepris spiller i forhold til den 
eksterne referencepris på tværs af de to typer forretninger. Den interne referencepris dækker her over 
priser som forbrugeren har betalt ved tidligere indkøb, mens den eksterne referencepris dækker over de 
priser forbrugeren observerer i den aktuelle indkøbssituation. Ved at anvende finite mixture modelling 
for en low involvement produktkategori med moderat købsfrekvens, finder jeg, at den interne 
referencepris spiller en større rolle i et supermarked end i en discountforretning. Disse resultater hænger 
sammen med de generelt lavere priser i discountforretninger, hvilket gør de nuværende priser mere 
fremtrædende end prishistorikken for et givent produkt. Dette forskningsarbejde blev indsendt til 44th 
Association for Consumer Research North American Conference.  

Det fjerde kapitel, A review of the findings and theories on surface size effects on visual attention, er 
skrevet sammen med Jacob Orquin. Her introduceres og evalueres en model, der forklarer effekten af 
overfladestørrelsens effekt på synligheden for et produkts attributter baseret på data fra et choice 
experiment for forskellige produktkategorier. Vores undersøgelse viser, at overfladestørrelsen af 
produktets centrale attribut, antallet af andre attributter der er visuelt til stede samt attributtets afstand til 
midten af de omgivelser det er placeret i, afgøre den visuelle opmærksomhed. Disse resultater er 
relevante for forståelsen af forbrugeres beslutningstagning på salgsstedet, idet den visuelle 
opmærksomhed har afgørende betydning for købssandsynligheden. Arbejdet med artiklen har dannet 
baggrund for udviklingen af resultaterne i kapitel 1. Kapitel 4 er publiceret i Frontiers in 
Psychology (4), side 1-10. 

Afhandlingens sidste artikel, How does consumer knowledge affect environmentally sustainable 
choices? Evidence from a cross-country latent class analysis of food labels, er skrevet sammen med 
Carola Grebitus, Bodo Steiner og Michele Veeman. Denne artikel præsenterer resultaterne fra to choice 
experiments foretaget i Tyskland og Canada med to basisfødevarer mærket med miljøpåvirkningen 
forårsaget af karbon- og vandforbrug. Vi anvender latent class choice analyse og finder, at forbrugere, 
hvis subjektive og objektive viden om miljø var over gennemsnittet, var mere tilbøjelige til at vælge 
miljørigtige alternativer, uanset prisen. Hvis kun den objektive viden var høj, så var prisen mere vigtig 
end informationen om miljøpåvirkning. Hvis kun den subjektive viden var høj, så afspejlede deres valg 
ikke en miljørigtig adfærd. Den analysemetode, der er anvendt i denne artikel, gjorde mig i stand til at 
udvikle og anvende den model, der er brugt i afhandlingens tredje kapitel. Manuskriptet er accepteret for 
publicering i Appetite.  
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Chapter 1
Mechanisms of cross-category price information transfer† 

PREPARED FOR INVITED RE-SUBMISSION TO THE JOURNAL OF CONSUMER RESEARCH 

Anne Odile Peschel 
Aarhus University 

Joachim Scholderer 
Aarhus University, 

University of Zurich 

Stephan Zielke 
Bergische Universität Wuppertal 

ABSTRACT 
A shopping trip confronts consumers with prices in several product categories. Especially under 

conditions of low involvement and distraction, it is unlikely that shoppers can actively inhibit prices 
encountered in earlier categories and prevent them from influencing their price judgments in later 
categories. We suggest two simple cognitive mechanisms that can explain such carry-over effects 
and that depend on the integration of the internal reference price and external price information. In 
three experiments with six product categories, we show that (a) an implicit category price 
representation based on incidental exposure leads to generalisation of previously encountered prices 
to later price judgments and that (b) if an explicit reference price representation for a later category 
is already active when prices in an earlier category are encountered, the incidentally encountered 
prices are integrated into the reference price for the latter category and lead to assimilation and 
contrast. We discuss the implications of the findings for store layout and in-store communication. 

KEYWORDS 
Behavioural pricing, Cross-category, Internal reference price, Price perception, Assimilation and 
contrast 

† Acknowledgments: We would like to thank Jeff Inman, Chris Frith, Rodolfo M. Nayga Jr. and Jayson Lusk for 
valuable comments on previous versions of this manuscript. We would also like to thank participants from the 42nd 
ACR Conference in Baltimore, the 2014 Shopper Marketing Conference in Stockholm, the 9th NCBEE in Aarhus as 
well as seminar participants at TU Munich and the University of Münster. 
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INTRODUCTION 

A shopping trip can be understood as a sequence of category-specific evaluation and choice 
tasks. In this sequence, price information can be transferred from one task to the next. A shopper 
may, for example, perceive the prices of milk in a store to be rather low. When the shopper makes 
the next choice, for example from among the assortment in the yoghurt category, the low prices of 
milk may influence his or her judgment of the prices in the yoghurt category. The shopper might 
overgeneralise the price from the milk to the yoghurt category, resulting in a decreased judgment of 
the yoghurt prices. However, the low prices of milk might also reduce the shopper’s reference price 
for yoghurt, resulting in assimilation and contrast effects. If the new reference price is closer to the 
actual prices in the yoghurt assortment, assimilation occurs. If the new reference price is shifted 
further away from the actual price range, contrast occurs: in this case, the yoghurt products would 
appear more expensive. For retailers, it is highly relevant to know when these effects will occur. A 
store might, for example, have an interest in stimulating overgeneralisation of low prices in loss-
leader or destination categories, or in suppressing overgeneralisation of higher prices in other 
categories. Previous research on store price image perception identified generalisation of category 
prices when participants were browsing, but opposite effects when participants were instructed to 
shop for a product (Hamilton & Chernev, 2010). This effect was explained by the usage of a 
reference point for comparison in the shopping goal condition, but not in the browsing condition. 
With this manuscript, we first and foremost, want to extend this idea to cross-category price effects. 
We suggest that that difference in the cross-category price information transfer effects is based on 
whether the internal reference price for the target category has been activated as comparison 
standard or not. Due to the practical relevance for retailers, we also address the question of how the 
internal reference price can be activated. 

Previous research on cross-category price information transfer has mostly been concerned with 
factors influencing the existence of cross-category price information transfer, but not with the 
mechanisms through which such transfer might operate. Although this research suggests that 
category similarity and processing mechanisms affect the amount of information transfer, the 
evidence is mixed. Nunes and Boatwright (2004), for example, found that shoppers’ willingness to 
pay for a CD at a boardwalk booth was influenced by the price of a sweatshirt sold at an adjacent 
booth. Krishna, Wagner, Yoon and Adaval (2006), on the other hand, found that willingness to pay 
for products in a catalogue was only influenced by prices in another category when participants 
evaluated the products in terms of similar attributes.  

Adaval and Wyer (2011) showed that explicit evaluation of prices only influenced willingness to 
pay in categories which are evaluated on the same dimensions but that subliminal priming with 
prices also influenced willingness to pay in unrelated categories. Apparently, price information 
transfer between unrelated categories is more likely when the information is processed without 
awareness (Adaval, 2013). Accessibility of price information during shopping trips, however, seems 
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to be more important than processing depth (Jensen & Grunert, 2014): whilst price recall and deal-
spotting ability tend to be weak before shoppers enter the store, both increase significantly during 
the shopping trip, suggesting that price information becomes increasingly accessible as shoppers 
make their choices. And although price knowledge is generally assumed to be category-specific 
(Vanhuele & Drèze, 2002), the distracting environment in which grocery shopping often takes place 
makes it questionable whether consumers can really exercise the degree of cognitive control over 
their price information processing that would be necessary to prevent prices of products 
encountered during earlier stages of the shopping trip from influencing the price evaluation of 
products encountered during later stages of the shopping trip (Dijksterhuis, Smith, van Baaren, & 
Wigboldus, 2005).  

In the behavioural pricing literature, the price of a product is typically understood as a relative 
psychological quantity that simultaneously depends on the price structure of the alternatives in the 
consideration set and an internal reference price (Cheng & Monroe, 2013). Considering that the 
price structure of the alternatives is the same for all consumers confronted with a given choice set, 
individual differences in the evaluation of a product as expensive or cheap would therefore depend 
on differences in the internal reference price. It is often assumed that the internal reference price is 
cognitively represented in terms of a range of acceptable prices that allows a consumer to categorise 
a product as expensive or cheap (Adaval & Monroe, 2002). Rather than as an assortment of 
numbers with a currency unit attached, numerical cognition research indicates that the acceptable 
price range is stored on a “mental number line” (Dehaene & Akhavein, 1995). Prices are assumed to 
be automatically encoded as magnitude representations and then stored along a continuum which is 
more distinct for small quantities and becomes more indistinct as magnitude increases. The more 
familiar a product category, the more distinct is the internal reference price range. However, even if 
a shopper is highly familiar with a product category, situational factors may lead to differences in 
the accessibility of the information from which the reference price is constructed (Adaval & 
Monroe, 2002; Rajendran & Tellis, 1994). 

Previous studies on cross-category price information transfer used extreme price differences, 
highly dissimilar product categories and willingness to pay as the dependent variable (Adaval & 
Wyer, 2011; Krishna, et al., 2006; Nunes & Boatwright, 2004). Our study extends this research by 
using an experimental design with more realistic price differences. We analyse how prices in one 
typical food category influence price perception in another, related food category and how this 
influence depends on the mode of information processing. Unlike previous studies, we focus on 
category price perception (or “price image”) as the dependent variable. Influencing category price 
perceptions is relevant for retailers as these are the basis of the store price images that influence 
store choice (Hamilton & Chernev, 2013). As yet, there is no parsimonious theoretical explanation 
of how cross-category price information transfer operates. Adaval and Wyer (2011, 363) suggest a 
mechanism, involving differential activation of extraneous product attributes as a mediating 
process. More specifically, they suggest that if prices are perceived with awareness, the price 
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information is only transferred between categories which are evaluated on the same dimensions. If 
prices are perceived without awareness, then price information should also be transferred between 
unrelated product categories. They do however not acknowledge the importance of the internal 
reference price for price evaluations. Following the idea about differences in price image 
perceptions as a function of whether a comparison standard is evoked in the evaluation process 
(Hamilton & Chernev, 2010), we take a different approach than Adaval and Wyer (2011). We 
suggest two mechanisms that explain cross-category price information transfer, depending on 
whether the internal reference price is represented implicitly or explicitly. We provide a 
straightforward explanation in terms of basic cognitive processes that leads to clear predictions as to 
when generalisation, assimilation and contrast effects are likely to occur. 

Hence, the objective of our paper is to explain how price information in one product category 
influences the category price image in another product category depending on the integration of 
internal reference prices and external price information. We extend the existing literature on cross-
category price information transfer by (1) focusing on category price image as dependent variable, 
(2) suggesting two mechanisms resulting in opposing effects and (3) explaining under which 
conditions these mechanisms are activated. In addition, we contribute to the literature on reference 
price measurement by providing a more appropriate alternative to the widely used open-ended 
numeric scales. 

Our paper is structured as follows. We will first formally introduce the two suggested processing 
mechanisms and illustrate the effects and relevant boundary conditions in three experiments. After 
this, we fit the models to our empirical data and find further support for our hypotheses. We round 
up with a general discussion and concluding remarks on the relevance and limitations of our 
findings. 

THEORY AND HYPOTHESES 

Central to our theory is the assumption that the cognitive representation of category prices is 
highly malleable, depending on the price information that is accessible at the time a judgment is 
made (e.g. Chandrashekaran & Grewal, 2003; Chandrashekaran & Grewal, 2006). We distinguish 
two levels of representation: (a) an implicit representation that depends on the accessibility of the 
prices encountered in the shopping situation, the strength of category-price associations in long-
term memory and the frequency and recency of their prior activation, and (b) an explicit 
representation that requires effortful integration of the accessible price information into a point or 
interval estimate. Consistent with contemporary models of social cognition (e.g., Smith & 
DeCoster, 2000), we assume that the implicit representation is the “default”, that it can be partly 
overridden by an explicit representation and that the explicit representation depends on the implicit 
representation because it is partially based on the same information.  

There is consensus in the literature that the internal reference price range serves as a standard 
relative to which a target product’s price is evaluated; subsequently, the perceived price resulting 
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from this evaluation is integrated into the internal reference price range, changing the comparison 
standard for future price encounters (Cheng & Monroe, 2013). Considering that the internal 
reference price is category specific and that we focus on category price image as main dependent 
variable, the focus of the mechanisms is the perception of the category price range and not a single 
product price. A schematic overview of our theory is depicted in Figure 1  . We assume that the 
base category (e.g. milk) is encountered in the store, followed by the target category (e.g. yoghurt). 
The implicit processing mechanism assumes that a reference price range for the target category 
(RPT) is only activated at the stage, where prices in this category (PT) are evaluated. After the 
evaluation, (RPT) is updated. The explicit processing mechanism assumes a continuous evaluation 
and updating process of the reference prices, if they have been considered prior to the price 
exposure. The explicit mechanism predicts that, at the evaluation stage, a bias will occur in the 
reference price for the target category whereas the implicit mechanism predicts that the perceived 
prices in the target category will be biased towards prices observed in the base category (PB). Both 
processes will be further elaborated on in the following sections. 

Overview of suggested price processing mechanisms Figure 1  

Note: This figure illustrates that price information transfer can either occur via an implicit or an explicit processing 
mechanism. In the implicit mechanism, the reference price for the target category is first retrieved, when this category 
is encountered. Previously observed prices remain salient in working memory and affect the price level evaluation of 
the target category. The explicit reference price mechanism suggests an automatic updating and evaluation process of 
the internal reference prices, which were considered prior to the shopping task. This results in a reference price shift in 
the direction of the prices observed in the base category. 

Implicit reference price mechanism 

Let us consider, the example from the introduction: A shopper incidentally experiences low milk 
prices and then walks towards the yoghurt category. We assume that the price level evaluation of 
yoghurt depends on whether the shopper consciously considered the acceptable price range for 
yoghurt before he or she was exposed to the prices for milk. For the implicit reference price 
mechanism, we consider the case where the shopper did not consider the acceptable price range. 

Explicit reference 
price mechanism

Implicit reference 
price mechanism

Price level 
evaluation 
target cat.

Base cat. price level 
evaluation & reference 
price updating

Explicit reference 
price retrieval

Retrieval of 
target category 
reference price

Incidental exposure to 
prices in base category

Exposure to prices in the 
target category

Unconscious perception 
of base category prices

Start 
shopping trip

Time

Time

Price level 
evaluation 
target cat.

Updating of 
target category 
reference price

OR



THEORY AND HYPOTHESES 

6 

Here, the implicit representation of the prices in the yoghurt category would be based on the merged 
memory representations of the prices for milk and yoghurt plus all accessible category-price 
associations that were activated from long-term memory. The objectively irrelevant but still 
partially accessible information about the prices for milk would have to be actively inhibited in 
order not to be integrated (cf. the working memory literature, for example Friedman & Miyake, 
2004). Given the low involvement usually observed for consumer shopping tasks and the highly 
distracting store environment, active inhibition of information about the prices in the based category 
during the evaluation of prices in the subsequently encountered target category is assumed unlikely. 
Hence, the still accessible memory traces of the prices for milk would be integrated into the 
cognitive representation of the prices for yoghurt.  

Given that the price information in the base category (e.g. milk) is purely incidental and price 
evaluation is not of relevance to the current task, there is no reason why a reference price for this 
category should be retrieved, with our without awareness. Consequently the reference price for the 
target category (e.g. yoghurt) will be first retrieved from memory at the evaluation stage of this 
category and remains thereby unaffected by the prices for the base category. The judgment of prices 
in the target category is assumed to be biased towards the level of prices in the base category: lower 
prices in the base category should result in a lower judgment of the price level in the target 
category, and higher prices in the base category should result in a higher judgment of the price level 
in the target category. Formally, this can be expressed as:  

( )( )01T B T T
tJ f P P RP= = ω + −ω −  (1) 

where JT stands for the judgment of the price level in the target category, PB and PT are the observed 
levels of the prices in the base and the target category, RPt=0

 T  is the pre-existing internal reference 
price for the target category, and ω is a weight (with range 0 ≤ ω ≤ 1) that reflects the degree to 
which the cognitive representation of the price level in the target category is biased towards the 
price level in the base category. The function f maps the cognitive representation of the difference 
between the biased price level in the target category and the reference price for this category onto a 
scale of judgment. Whether f is strictly linear or subject to certain boundary conditions, resulting in 
a quadratic or cubic curve as previously suggested (e.g. Chandrashekaran & Grewal, 2006; Kopalle 
& Lindsey-Mullikin, 2003), is yet to be determined.  

The mechanism is illustrated in Figure 2  . For ease of exposition but without loss of generality, 
the illustration assumes that the price levels of the base and the target category are equally weighted 
in the integration process (ω = .50) and that the price level in the target category equals the pre-

existing internal reference price for the target category (PT = RPt=0
 T ). Other scenarios with different 

weights, price differentials, price distributions and evaluative outcomes are possible, but our theory 
assumes that the mechanism would be the same. Hence, in all situations where the cognitive 
representation of the reference price in the target category remains implicit until the prices in the 
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target category are judged, we predict a generalisation effect due to a biased cognitive 
representation of the prices in the target category:  

H1: Under conditions in which only an implicit reference price representation is retrieved, a 
generalisation effect will occur. Higher prices in a first encountered base category will lead 
to a higher judgment of the prices in the subsequently encountered target category, and lower 
prices in the first encountered base category will lead to a lower judgment of the prices in the 
subsequently encountered target category. 

Figure 2  Implicit reference price processing mechanism 

Note: This figure shows that in the implicit reference price mechanism, the perceived price range is biased towards 
incidental prices obtained in the base category. The reference price for the target category is not influenced by prices 
in the base category, because it is retrieved after exposure to prices in the base category. PB and PT is the observed 
level of the prices in the base and the target category respectively.  RPt=0

 T  is the pre-existing internal reference price for 
the target category. 

Explicit reference price mechanism 

Let us again consider the example from the introduction: A shopper incidentally experiences low 
milk prices and then walks towards the yoghurt category. We now assume that the shopper has 
consciously considered his or her reference price for milk and yoghurt, for example because the 
shopper has a strict budget to keep. In this situation an explicit representation of the reference prices 
for both categories is accessible throughout the process and will operate as a comparison standard 
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for the encountered prices. In line with social judgment theory (Mussweiler, 2003; Sherif & 
Hovland, 1961), we assume that the cognitive representation of the reference price for yoghurt will 
shift towards the incidentally encountered prices for milk. We interpret assimilation and contrast 
effects in the way that assimilation occurs, when the comparison standard is closer to the target 
stimulus and contrast effects occur, when the comparison standard is further away from the target. 
As a consequence, a product that would normally by perceived as expensive, because the reference 
price is below the product’s price, might appear to be less expensive after encountering prices 
higher than his or her reference price in a previous category, because the reference price is moved 
up, closer to the target price (assimilation). On the other hand, the target product could be perceived 
to be more expensive after encountering prices lower than his or her reference price in a previous 
category, because in this case the reference price is moved down, away from the target price 
(contrast). As illustrated in Figure 1  , the assumed process can be subdivided into several steps. 

In a first step, the prices encountered in the base category (e.g. milk) are evaluated against the 
pre-existing internal reference price for this category. Formally, this can be expressed as 

( )1 0
B B B
t tJ f P RP= == − (2) 

where Jt=1
 B  stands for the judgment of the price level in the base category at time t = 1, PB is the 

observed level of the prices in the base category, RPt=0
 B  is the pre-existing internal reference price 

for the base category, and f is a function that maps the cognitive representation of the difference 
between of the observed prices and the reference price onto the scale of judgment. If the difference 
between the price of the products in the base category and the pre-existing reference price for the 
base category is negative, the product category should be judged to be cheaper. If the difference is 
positive, the product category should be judged to be more expensive.  

We assume that, in a second step, the reference price for the base category follows the generally 
acknowledged updating process (e.g. Adaval & Monroe, 2002), reflecting the newly encountered 
prices. This can be formalised as a moving-average process 

( )1 01B B B
t tRP P RP= == θ + −θ (3) 

with weight θ (with range 0 ≤ θ ≤ 1) representing the degree to which the reference price for the 
base category is adjusted in response to the newly encountered prices in the base category. The 
update should result in a changed reference price in all but two cases: (a) if PB and RPt=0

 B  coincide in 
the limits of the individual price sensitivity thresholds (Cheng & Monroe, 2013), price differences 
are not detected and the reference price should remain unchanged; (b) if PB is outside the acceptable 
limits of RPt=0

 B , the price information should be disregarded and RPt=0
 B  should remain unchanged 

(Diamond & Campbell, 1989). 



CHAPTER 1 Mechanisms of cross-category price information transfer 

9 

Since we assume that an initial reference price for the target category (e.g. yoghurt) was 
activated at the beginning of the sequence and has remained accessible during Step 1 and Step 2, we 
expect that the cognitive representation of the reference price for this category will be subject to 
similar carry-over effects from the base category as the cognitive representation of the observed 
prices was in the implicit processing mechanism. Hence, we assume a third step in which the 
reference price for the target category is automatically updated, becoming subject to a bias exerted 
by the shift in the reference price for the base category:     

( )2 1 01T B T
t t tRP RP RP= = == ν + −ν (4) 

The weight ν in this expression (with range 0 ≤ ν ≤ 1) represents the degree to which the cognitive 
representation of the reference price for the target category is biased towards the reference price for 
the base category. In this mechanism, the offer price distortion does not come into play, because the 
prices encountered in the base category have been integrated into the internal reference price and 
should not be accessible anymore in working memory. 

In a fourth step, the observed prices in the target category are judged relative to the updated 
reference price for the target category: 

( )2 2
T T T
t tJ f P RP= == − (5) 

As before, f is a function that maps the cognitive representation of the difference between of the 
observed level of the prices and the reference price onto the scale of judgment. If the difference is 
negative, the category is judged as cheaper. If the difference is positive, the category is judged as 
more expensive.  

The mechanism is illustrated in Figure 3  . For ease of exposition but without loss of generality, 
we assume in the illustration that the initial reference price for the base category is equal to the 
initial reference price for the target category and that the weights are θ = ν = .50. The initial 
reference price for the base category shifts up or down in response to the store-specific high or low 
observed price level of the base category, resulting in an updated reference price for the base 
category. Since we assume that the reference price is not actively inhibited upon encountering the 
target category, the reference price for the target category should shift towards the updated 
reference price for the base category, resulting in a new reference price for the target category. This 
new reference price leads to a different evaluation of the target category prices. The conditions 
under which assimilation and contrast effects occur are elaborated below. 
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Figure 3  Explicit reference price processing mechanism 

Note: This figure illustrates the shift of the initial reference price for the base and the target category (RPt=0
 B  and RPt=0

 T  
respectively) towards the prices observed in the base category (PB). The price level evaluation of the target category 
(PT) is pursued against the updated reference price for the target category RPt=2

 T .

Assimilation and contrast effects 
The new reference price for the target category serves as the standard relative to which the observed 
level of the prices in the target category is evaluated, resulting in a deflated judgment if the 
reference price was biased towards the observed level of the prices and an inflated judgment if the 
reference price was biased away from the observed level of the prices in the target category. 
Formally expressed, assimilation occurs if the difference between the observed prices in the target 
category and the new reference price for the target category is smaller than the difference between 
the initial reference price and the observed prices in the target category: 

2 0    T
t t
T T TP RP P RP= =− < − (6) 

Contrast effects occur if the difference between reference price and observed prices is larger for 
the biased reference price 2

T
tRP= : 

2 0  >  T T T T
t tP RP P RP= =− − (7) 
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Consequently, the price judgment will always be improved if the price level in the base category 
is higher than the initial reference price for the target category. Assimilation effects result in less 
extreme judgments, while contrast effects result in more extreme judgments. We predict that: 

H2: Shoppers with initially low explicit reference prices for a product category should judge the 
observed prices in that category as less expensive after having incidentally been exposed to 
prices above their reference price in a preceding category (assimilation) than after being 
exposed with prices below their reference price (contrast). Shoppers with initially high 
explicit reference prices for a product category should judge the observed prices in that 
category as cheaper after having incidentally been exposed to prices above their reference 
price in another category (contrast) than after having been exposed to prices below their 
reference price (assimilation). 

Unconscious price perception 

Considering the role of prices perceived out of awareness is particularly important in the context 
of a supermarket setting where consumers are likely to perceive price information without 
conscious awareness, just by passing by a shelf or while searching for other products. One 
explanation for why cross-category price information transfer occurs when prices were processed 
out of awareness, is because the numeric value itself remains active in working memory and thereby 
serves as an arbitrary anchor for willingness to pay estimates (Adaval & Wyer, 2011). Since we are 
using price judgments as dependent variable, thus an output in a different format, the price 
information needs to be encoded in order to be integrated in the evaluation process. If this encoding 
process takes place, then we do not expect a difference between price information observed with or 
without awareness for either generalisation or assimilation and contrast effects.  

To mimic unconscious perception of stimuli in a lab setting, subliminal exposure to price 
information or other real-world stimuli is an accepted method also in consumer research (Adaval & 
Monroe, 2002; Muscarella, Brintazzoli, Gordts, Soetens, & Van den Bussche, 2013). Unconscious 
and automatic processes have gained increasing attention but have had limited influence on 
consumer research in terms of original theory development (Simonson, 2005). While unconscious 
processing was traditionally considered to occur outside of cognitive control, recent evidence 
suggests that unconscious processing is more flexible than initially assumed (Desender & Van Den 
Bussche, 2012; van Gaal, De Lange, & Cohen, 2012). Even though consciously perceived stimuli 
exert a higher influence on performance, task relevance as well as previous experience with the 
unconsciously presented stimulus were found to enhance priming effects (Kunde, Reuss, & Kiesel, 
2012; Van den Bussche, Van den Noortgate, & Reynvoet, 2009; Van Den Bussche et al., 2013). 
Considering that price information is a relevant and ubiquitously occurring class of stimuli in 
consumer choice, it should be considered relevant even under conditions of subliminal exposure. As 
mentioned above, subliminal priming effects have previously been observed in the context of 
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willingness to pay for a product category (Adaval & Wyer, 2011; Mussweiler & Englich, 2005). 
However, the primes were presented out of context (Adaval & Wyer, 2011) or during the price 
evaluation (Adaval & Wyer, 2011; Mussweiler & Englich, 2005) in these studies. In the research 
presented here we would like to show that product price information presented prior to the 
judgment task is encoded and influences the price judgment. Based on the task relevance and 
familiarity with price stimuli, cross-category price information transfer should also occur under 
subliminal exposure. We therefore implement unconscious price information processing as control 
factor and expect that the strength of generalisation effects (Hypothesis 1) and assimilation and 
contrast effects (Hypothesis 2) does not differ between conditions under which incidental price 
information is perceived with and without conscious awareness.  

To sum up, we observe different judgments in the target category between explicit and implicit 
reference price representations because either the focal price range or the internal standard is biased 
towards prices in the base category. In the case of an implicit reference price representation, the 
observed prices in the base category are integrated into the price range to be judged. This leads to 
higher price judgments when higher prices were encountered in the base category and lower price 
judgments when lower prices were encountered in the base category. In the case of an explicit 
reference price representation, the internal reference price for the base category is continuously 
updated. Upon encountering the target category the updated reference price representation for the 
base category is integrated into the internal reference price for the target category. This should lead 
to higher judgments if prices below the reference price were encountered in the base category and 
vice versa if prices above the reference price were encountered, irrespective of the length of 
exposure to the incidental price information. We conduct three experiments with relevant boundary 
conditions to gain support for the introduced hypotheses. To gain further support for the formally 
introduced mechanisms, we calibrate the models based on the data obtained in the experiments. The 
calibration results are presented after introducing the three experiments. 

EXPERIMENT 1: GENERALISATION, ASSIMILATION AND CONTRAST 

The first experiment served as a baseline to determine assimilation, contrast and generalisation 
effects based on the activation of an explicit or implicit reference price representation. In order to 
show that depth of processing does not play a role for these effects to occur, we manipulated length 
of exposure as well. Experiments 2 and 3 follow the same procedure which is why we will explain 
it in more detail at this point and only briefly refer to this section when we describe the 
experiments. An overview of the experiments and the stimuli used can be found at the end of this 
section in Table 1  . A graphical representation of the stimuli can be found in the Appendix. 

Method 

Experimental design. We used milk as the base category and yoghurt as the target category. Due 
to the similarity of their packaging and their spatial proximity in typical stores, implicit price 
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transfer between these categories would be of high practical significance. The design was a full-
factorial 2 (price level of the base category: low versus high milk prices) × 2 (prior reference price 
assessment of the target category: no or yes for yoghurt) × 2 (exposure to incidental price 
information of the base category: subliminal versus permanent presentation of milk prices) 
between-subjects design. The price level for the target category (yoghurt) was not varied between 
experimental conditions. The stimuli presented to participants were photographs of products sold in 
Danish supermarkets.  

Participants and procedure. 210 participants were recruited from the laboratory’s participant 
pool. The mean age was 31.1 years (SD = 13.9), 50% were women. Upon arrival at the lab, 
participants were randomly assigned to one of the experimental conditions and seated in front of a 
computer. The experiment was programmed in PsychoPy (Peirce, 2007), all monitors had a 
refreshment rate of 60Hz. In the first part of the experiment, participants were exposed to 18 milk 
product alternatives that varied in terms of brand, fat content and price. Each product alternative 
was shown five times in randomised order. The alternatives were presented on the screen in groups 
of three. As their primary task, participants were asked to indicate the position of a star appearing 
next to one of the alternatives to distract attention away from price information. This task served as 
distractor task to ensure incidental price exposure. The repetition secured the establishment of a 
common understanding of the price level in the base category among participants. 

Depending on the experimental condition, the products (milk) had either low or high prices. The 
price distributions were chosen based on local store checks. In the low-price group, prices were 
symmetrically distributed around a mean below the average market price, in the high-price group 
around a mean above the average market price.  

Following standard procedures for subliminal priming, each trial began with a pre-mask, 
displayed for 1500 ms in the lower part of the screen. Then the pre-mask was replaced with the 
price of the product. Depending on the experimental condition, the milk price was either presented 
subliminally or permanently until the end of the trial. In the subliminal condition, the price was 
displayed for 16.7 ms and then replaced by a post-mask of random letters, displayed for 300 ms. 
Above the mask, the product was displayed. In the permanent condition, the price remained on the 
screen and after 300 ms the product was displayed. The purpose of this manipulation was to vary 
the level of awareness during incidental price exposure.  

In the second part of the experiment, all participants were confronted with six yoghurt products 
with a price distribution around the average market price for yoghurt. Participants were asked to 
judge the price of the yoghurt products and choose their preferred product. Either in the beginning 
or in the end of the experiment, participants were asked about their reference price, assuming that 
prior assessment activates an explicit reference price representation. In the subliminal exposure 
condition, a manipulation check was conducted as the final task of the experiment. Participants 
were told that a price would briefly be shown on the screen and were asked to write down their best 
estimate of the price they had seen (Bargh & Chartrand, 2000).  
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Measures. To address Hypothesis 2, reference prices were measured only in one group before 
the experimental task, using a procedure adapted from Chandrashekaran and Grewal (2003). 
Participants were asked to indicate their reference price range (i.e., the price they usually pay, the 
highest price they would be willing to pay and the lowest price they had seen) on a visual number 
line ranging from zero to the maximum market price. Judgment of prices in the target category 
(yoghurt) was the dependent variable. Comparable to previous studies, participants were asked to 
rate expensiveness and price level on 7-point scales (Ofir, Raghubir, Brosh, Monroe, & Heiman, 
2008). Since the measures were highly correlated (r = .82) we used their average as the dependent 
variable in the analysis. 

Results 

Subliminal exposure. Only four participants correctly identified one of the subliminally 
displayed prices. This was below chance level, indicating that subliminally displayed price 
information was indeed perceived without conscious awareness. As expected, the results did not 
differ between exposure time conditions (F(1,209) = .41, p > .10), which is why we assume that 
price information obtained without awareness was encoded and integrated.  

Implicit reference price mechanism. Analysis of variance revealed no significant main effects but 
the expected interaction of price level in the base category and prior assessment of the reference 
price for the target category (F(1,209) = 4.20, p < .05), supporting Hypothesis 1. Planned contrasts 
showed that participants in the condition without prior reference price assessment judged the target 
category as more expensive when the base category prices had been high and vice versa 
(t(209) = 2.09, p < .05). The effect was not significant among participants with prior reference price 
assessment. The results are displayed in Figure 4  . The top right panel shows the generalisation 
effects and the top left panel the assimilation and contrast effects obtained in Experiment 1. 

Explicit reference price mechanism. To test Hypothesis 2, we performed a median split on the 
initial reference price for the target category in the group with prior reference price assessment. 
Analysis of variance revealed that participants with a high initial reference price judged the 
products in the target category to be cheaper and vice versa (F(1,102) = 4.61, p < .05). The main 
effect of price level showed a tendency in the expected direction, was however not significant. The 
interaction with the base category prices approached significance (F(1,102) = 3.67,  < .06), which 
indicated that only participants with a low initial reference price judged the target category to be 
cheaper in the high-price condition than in the low-price condition (t(102) = -2.00, p < .05). The 
difference was not significant among participants with a high initial reference price, only partly 
supporting Hypothesis 2.  
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Effects of the implicit vs the explicit mechanism (left panel) and for participants with Figure 4  
initially high vs low reference prices (right panel) 

Note: The left panel shows the predicted generalisation effect of the implicit mechanism and the weak assimilation and 
contrast effects of the explicit mechanism. The right panel shows significant assimilation and contrast effects for 
participants with a low initial reference price but not for participants with a high initial reference price. 

Discussion 

The results show that incidentally encountered prices in a first product category (here: milk) 
influence the judgment of prices in a second product category (here: yoghurt). We proposed two 
mechanisms for this. The first mechanism we proposed was an implicit reference price mechanism. 
In a situation where incidental price information is encountered in a base product category and no 
explicit reference price has been activated for the target category, the incidentally encountered 
prices in the base category should still be active when the prices in the target category are evaluated. 
This should lead to an offer price distortion of the target category prices towards the base category 
prices. Our results support the hypothesis that the price level is generalised between product 
categories. In a situation where an explicit cognitive representation of the reference price for the 
second category is already active when incidental price information is encountered, the reference 
price should shift towards the incidentally encountered prices. Depending on the relationship 
between their average price level and the initial reference price, assimilation or contrast effects 
should occur when the price level of the target category is judged. Our results support this 
hypothesis for participants with a low initial reference price. Since the base category was priced 
below the target category in both conditions, participants with a high initial reference price might 
have found the low prices in the base category too low and may not have perceive them as valid 
price references, leaving the reference price unaffected (Diamond & Campbell, 1989). 

4.86

4.32

4.02
4.21

3.5

4

4.5

Low High
Price level

(Category 1)

Low reference price (Category 2)
High reference price (Category 2)

expensive

cheap

Pr
ic

e 
ju

dg
m

en
t

(C
at

eg
or

y 
2)

4.08

4.534.45

4.27

3.5

4

4.5

Low High
Price level

(Category 1)

Implicit mechanism
Explicit mechanism

expensive

cheap

Pr
ic

e 
ju

dg
m

en
t

(C
at

eg
or

y 
2)



EXPERIMENT 2: REFERENCE PRICE ACTIVATION 

16 

EXPERIMENT 2: REFERENCE PRICE ACTIVATION 

For retailers it is relevant to know how reference prices are activated in order to predict which 
mechanism will operate. If retailers want to activate an explicit reference price representation prior 
to the shopping task, it might not be sufficient to just provide instore advertisements that indicate 
the price of the product, but also some semantic magnitude indicator to facilitate reference price 
retrieval as suggested by numerical cognition research. These findings indicate that prices (as well 
as other numbers) are encoded as magnitude representations and stored along a mental number line 
(Dehaene & Akhavein, 1995; Hinrichs & Novick, 1982). Such a format should facilitate compatible 
encoding of subsequently encountered prices and therefore also their integration into and the 
hypothesised shifting of the reference price.  

In the experiment reported above, we therefore asked participants to indicate their reference 
prices on a visual number line ranging from zero to the maximum market price, similar to Chernev 
(2003). While this format should be more compatible with consumer encoding of price information, 
it might not resemble the situation of prices encountered in a shopping environment. Here, often 
only the numeric price information is provided, which  however, might not be sufficient to activate 
the internal reference price representation. Most previous studies used an open-ended numeric 
response format (e.g. Chandrashekaran, 2004; Chandrashekaran & Grewal, 2003), which might 
come closer to the situation of only providing numeric price information at the point of sale. It has 
however been suspected in the literature that open-ended numeric response formats are only 
partially compatible with the natural encoding of prices, lacking a representation of their relative 
magnitude (Coulter, 2003; Vanhuele & Drèze, 2002). The general experience in willingness-to-pay 
research supports this; participants typically have difficulties using open-ended formats. To 
compare this to the other extreme — providing purely semantic magnitude information without any 
numeric price labels (e.g. “now cheaper”) — is only partially compatible with the natural encoding 
of prices as well. Here, the numeric anchors for mapping a price onto a particular region of the scale 
are missing. In both cases, the cognitive representation of a given price estimate in the respondent 
would be incomplete, and subsequent stages of price information processing would be impaired.  

This has implications for the second mechanism of cross-category price information transfer we 
hypothesised. It hinges on the activation of an explicit cognitive representation of the reference 
price in the target category before incidental price information in the base category is encountered. 
If the cognitive representation of that reference price is incomplete, either because the magnitude 
aspect is lacking or because the numeric anchors are lacking, integration of subsequently 
encountered prices and the resulting shift of the reference price should be attenuated. As a 
consequence, the “default” generalisation mechanism would not be fully overridden and price 
judgments in the second category would be affected by it. We predict that:  

H3: As a consequence of the incomplete reference price representation, the generalisation 

mechanism will not be fully overridden. Higher prices in the first category will lead to a 
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higher judgment of the prices in the second category, and lower prices in the first category 

will lead to a lower judgment of the prices in the second category. Weak assimilation and 

contrast effects indicate partial overriding of the implicit mechanism or in other words a 

weakened generalisation effect. 

Method 

The same experimental design, procedure and stimuli were used as in Experiment 1. The only 
exception was that instead of manipulating prior versus no prior reference price assessment, we 
used two different explicit reference price elicitation formats, resulting in a full-factorial 2 (price 
level of the base category: low versus high) × 2 (reference price elicitation format of the target 
category: open-ended numeric response format versus purely semantic magnitude scale) × 2 
(exposure to incidental price information of the base category: subliminal versus permanent) 
between-subjects design. In the open-ended numeric condition participants stated their reference 
price numerically. In the purely semantic magnitude scale condition, participants indicated their 
reference price on visual line scales ranging from “very cheap” to “very expensive”. The scale 
formats we used in all experiments are illustrated in Figure 5  . The rest of the procedure was the 
same as in Experiment 1.  
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Figure 5  Reference price elicitation formats 

OPEN-ENDED NUMERIC RESPONSE FORMAT (EXPERIMENTS 2 AND 3)

What is the lowest price you have seen for 1 liter yoghurt?

What is the maximum price you are willing to pay for 1 liter yoghurt?

What is the price you usually pay for 1 liter yoghurt?

VISUAL NUMBER LINE (EXPERIMENTS 1 AND 3)

What is the lowest price you have seen for 1 liter yoghurt?

What is the maximum price you are willing to pay for 1 liter yoghurt?

What is the price you usually pay for 1 liter yoghurt?

PURELY SEMANTIC MAGNITUDE SCALE (EXPERIMENT 2)

The lowest price you have seen for 1 
liter yoghurt.

The maximum price you are willing to 
pay for 1 liter yoghurt. Very cheap

Very cheap

Very expensive

Very expensive

Very cheap Very expensive

The price you usually pay for 1 liter 
yoghurt.

How do you evaluate the price level of the different yoghurt prices relative to each other?
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205 paid volunteers (mean age = 23.7, SD = 6.19; 62% female) were recruited from the 
laboratory’s subject pool. To ensure that milk and yoghurt were perceived as different categories, 
participants were asked to rate their similarity in terms of physical features and substitutability on a 
scale ranging from 1 = not at all similar to 7 = very similar. The mean ratings did not differ 
significantly from the scale midpoint (p > .35), indicating that the categories were perceived as 
similar but not identical. 

Results 

Subliminal exposure. Six participants correctly identified one of the subliminally displayed 
prices. Two participants could identify two prices correctly. Excluding these two participants from 
the data analysis did not change the results. Overall recognition was below chance level, indicating 
that subliminally displayed price information was indeed perceived without conscious awareness. 
As expected, there was no significant effect of exposure time (F(1,202) = .51, p > .10), suggesting 
that price information obtained without awareness was encoded and integrated.  

Price information transfer. Analysis of variance of the data from the open-ended numeric group 
revealed that participants in the high base category price condition judged the products in the target 
category as significantly more expensive and vice versa (F(1,101) = 7.86, p < .01), supporting 
Hypothesis 3 (Figure 6  , left panel) that the generalisation process is not completely overwritten. 
Participants with a high initial reference price judged the products in the target category as 
significantly cheaper and vice versa (F(1,101) = 10.93, p < .001). The interaction approached 
significance (F(1,101) = 2.94, p = .09), indicating weak assimilation and contrast effects as 
suggested by Hypothesis 3. Planned contrasts showed that participants with a high initial reference 
price judged the target category as significantly more expensive in the high compared to the low 
base category price condition (t(101) = 3.14, p < .001). The difference was not significant among 
participants with a low initial reference price (t(101) = .78, p > .1). The same analysis for the purely 
semantic magnitude scale group revealed no significant differences between any of the 
experimental conditions, suggesting that the compatibility between the format of the initial 
reference price measurement and the incidental base category price information was so low that it 
led to a dissociation of the cross-category price information transfer processes (Figure 6  , right 
panel), thus not supporting Hypothesis 3. 
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 Weakened generalisation effects through incomplete reference price activation Figure 6  

Note: The left panel shows predicted weakened generalisation effects in the low reference price group, but significant 
generalisation effects in the high reference price group. The right panel shows the lack of a price information transfer 
effect through more holistic processing of price information. 

Discussion 

The results from Experiment 2 were somewhat ambiguous. Mean price judgments in the open-
ended numeric condition showed a bias towards the prices seen in the base category, indicating that 
generalisation effects were not fully overridden. This supports the assumption that purely numeric 
processing is insufficient to activate an explicit representation of the internal reference price. This 
means that retailers should consider providing both numeric and semantic magnitude information to 
activate reference prices and the explicit reference price mechanism. However, the interaction with 
the internal reference price and price level approached significance, indicating weak assimilation 
and contrast effects. Taking the results from Experiment 1 into account, this pattern suggests that 
the generalisation effect is stronger for participant with a high reference price than for participants 
with a low reference price. In order to obtain a fuller understanding of the conditions under which 
the generalisation mechanism can be overridden, it could be helpful to take confidence in the 
reference price estimates into account. Confidence was previously shown to explain individual 
differences in price judgments (Thomas & Menon, 2007). Less confidence in price estimates was 
found to lead to stronger reference price adjustments to external price information (Bambauer-
Sachse & Dupuy, 2012), which should result in an even stronger bias towards prices in a previously 
seen category.  

Pure magnitude processing was not influenced by any of the experimental conditions. One 
explanation could be that this elicitation format triggered a more holistic processing strategy, 
highlighting that one category is always more expensive than the other category and thereby 
dissociating the processes of cross-category price information transfer. Regardless of the 
mechanism, the results from Experiment 2 indicate that activating only one characteristic of the 
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internal reference price range is insufficient to activate an explicit representation of the reference 
price that could serve as a reference point in subsequent judgements. 

EXPERIMENT 3: REPLICATION IN OTHER PRODUCT CATEGORIES 

The results of Experiment 2 clearly demonstrate that the activation of incomplete cognitive 
representations of reference prices will at least weaken their expected effects (as we observed when 
we selectively activated their numeric aspect) and might even eliminate their contribution to cross-
category price information transfer (as we observed when we selectively activated their magnitude 
aspect). The aim of Experiment 3 is to conceptually replicate the key findings from Experiments 1 
and 2 and examine their generalisability to other sets of product categories. To obtain further 
understanding of the processes active in the open-ended numeric condition, we include 
measurement of participants’ confidence in their reference price estimates into the experimental 
procedure. According to the self-consistency model of subjective confidence (SCM), confidence 
increases with consistency of responses, decision speed and with the accessibility of relevant 
information (Koriat, 2012). If the cues available in the respective reference price assessment format 
trigger more relevant information or help to retrieve information faster, then confidence in the 
estimates should be higher for that format. If, for example, confidence in the visual number line 
condition were higher, we would find further support that both numeric as well as semantic cues are 
necessary to activate an external reference price representation. Given the generally observed 
positive correlation between confidence and accuracy, participants with high confidence in their 
price estimates should be more likely to form an explicit reference price representation. As a result, 
assimilation and contrast effects should be stronger:  

H4: High confidence in price estimates indicates activation of an explicit reference representation, 

which should result in stronger assimilation and contrast effects. 

Method 

Since there had been no effect of exposure time in Experiments 1 and 2, we only used subliminal 
exposure in this experiment. Furthermore, we contrasted only the two most important prior 
reference price elicitation formats with each other: the visual number line format (to activate a 
complete cognitive representation of the reference price) and the open-ended numeric format (to 
activate an incomplete cognitive representation of the reference price). This resulted in a full-
factorial 2 (price level of the base category: low versus high) × 2 (reference price elicitation format 
of the target category: open-ended numeric versus visual number line format) design in which price 
level was varied between and reference price elicitation format within subjects.  

The procedure in the first part of the experiment was the same as in the open-ended numeric 
condition in Experiment 2 but with pasta as the base category and rice as the target category. After 
finishing this part, participants performed a cognitively demanding distractor task for 25 minutes. 
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The procedure in the second part of the experiment was the same as the visual number line 
condition in Experiment 1 but with crisps as the base category and salted nuts as the target category. 
The product categories were chosen based on their proximity in a typical store, the similarity of 
their price ranges and their similarity in terms of typical usage situations (substitutability). Price 
ranges were adapted based on the reference price ranges for all four product categories obtained in a 
pre-test with 42 students. Confidence was assessed on a seven-point Likert scale with 1 = “not at all 
confident” and 7 = “very confident” for each price estimate. 122 complete data sets were obtained 
from 62 paid volunteers (mean age = 23.6, SD = 2.53; 59% female) recruited from the laboratory’s 
subject pool.  

Results 

Subliminal exposure. Four participants correctly identified one or more of the subliminally 
displayed prices. These were excluded from the analysis (however, including them did not affect the 
results). Overall price recognition was below chance level, indicating that subliminally displayed 
price information was indeed perceived without conscious awareness. 

Confidence. On average, participants’ confidence in their reference price estimates did not differ 
significantly between the two reference price elicitation formats, open-ended numeric (M = 4.28, 
SD = 1.54) and visual number line (M = 4.11, SD = 1.52), suggesting that both require the same 
effort. 

Price information transfer. Analysis of variance of the data from the open-ended numeric group 
revealed that participants with a high initial reference price judged the products in the target 
category to be cheaper and vice versa (F(1,57) = 3.57, p  = .06). Although the effect of the price 
level in the base category was not significant, there was a tendency towards lower judgments of 
prices in the target category after exposure to low prices in the base category, providing limited 
support for Hypothesis 3 on a descriptive level (Figure 7  , left panel). Confidence did not have 
significant main or interaction effects, which is why we cannot support Hypothesis 4. The same 
analysis in the visual number line group revealed a significant main effect of initial reference price 
(Figure 7  , right panel). Participants with a high initial reference price for the target category 
judged the products in the target category to be significantly cheaper and vice versa (F(1,55) = 8.17, 
p < .01). Again, the main effect of price level was not significant but the interaction with the price 
level in the base category was (F(1,55) = 6.50, p <.01). Planned contrasts showed that participants 
with a high initial reference price judged the products in the target category to be significantly 
cheaper in the high price condition compared to the low price condition (t(55) = -2.33, p < .05). 
Unfortunately, the difference was not significant among participants with a low initial reference 
price (t(55)= .22, p > .10), only partly supporting Hypothesis 2. 
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 Conceptual replication of both mechanisms with other product categories Figure 7  

Note: The left panel shows the predicted weakened generalisation effects through incomplete reference price 
representations. The right panel shows the predicted significant assimilation and contrast effects for participants with a 
high initial reference price and weakened generalization for participants with a low initial reference price. 

Discussion 

Experiment 3 was designed to replicate and generalise our previous findings and to find further 
explanations for the results concerning price judgments in the open-ended numeric condition. We 
did not find any effect of the reference price assessment format on confidence or of confidence on 
price judgments and hence no support for Hypothesis 4. We did find further support for Hypothesis 
2, that the activation of explicit references prices is likely to result in assimilation and contrast 
effects. Contrary to Experiment 1, we found significant assimilation and contrast effects for 
participants with a high reference price but not for participants with a low reference price. One 
possible explanation is that price images associated with the respective super-categories may have 
moderated the effects: in the context of dairy products, a super-category with a relatively low 
general price image products, the high prices had an amplified effect among participants with a low 
reference price. In the context of snacks, however, a super-category with a relatively high overall 
price image, the low prices had an amplified effect among participants with high reference prices. 
Hypothesis 3, suggesting a generalisation effect of reference price in the open-ended numeric 
condition, was supported but only in tendency. We found the greatest variance in the price estimates 
in this category relative to all other categories we tested, which could explain the lack of 
significance.  
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Summary of the results from experiments 1, 2 and 3 Table 1  

Experiment Base 
category 

Target 
category 

Reference price 
assessment 

Exposure 
time 

Hypotheses Result 

1 Milk Yoghurt Visual number line 
(prior or post) 

Subliminal, 
Permanent 

H1, 
H2, 

H1 confirmed 
H2 partly 
confirmed 

2 Milk Yoghurt Open-ended numeric, 
Magnitude scale 

Subliminal, 
Permanent 

H3 partly confirmed 

3 Pasta, 
Chips 

Rice, 
Salted nuts 

Open-ended numeric, 
Visual number line 

Subliminal H2, 
H3, 
H4 

H2, H3 partly 
confirmed, 
H4 not confirmed 

Again, our findings suggest that in order to form an explicit representation of the internal 
reference price range, both numeric and magnitude processing mechanisms need to be activated. 
Table 1   summarises the findings from Experiments 1, 2 and 3. 

MODEL CALIBRATION 

To calibrate our suggested processing mechanisms, we parameterised the formal models of the 
implicit and the explicit reference price mechanism (Equations 1 and 5, see above) and fitted them 
to the data from Experiments 1 and 3. In line with our hypotheses, we expected the implicit model 
to better fit the data from the condition without prior reference price assessment in Experiment 1 
and from the open-ended numeric condition in Experiment 3, and the explicit model to better fit the 
data from the visual number line conditions in Experiments 1 and 3. We conducted a grid search for 
the best weighting parameters. In the implicit model, we varied ω from 0 and 1 in steps of .10, and 
in the explicit model we varied θ and ν independently from 0 to 1 in steps of .10. The mapping 
function f in Equations 1 and 5 was specified as a polynomial of degree 1, 2 or 3. Price ranges were 
accounted for by their respective means.     
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Table 2  Model comparison 

Goodness-of-fit Model parameters Mapping function 

Model Condition R2 AIC BIC ω θ ν β0 β1 p 

Experiment 1 

Implicit No prior reference 
price 

.03 260.64 51.62 .40 4.31 .09 < .01 

Explicit No prior reference 
price 

.03 260.43 51.42 .00 .40 3.64 .13 <. 01 

Implicit No prior reference 
price (simulateda) 

.22 248.25 38.28 1.00 3.05 .20 < .001 

Explicit No prior reference 
price (simulateda) 

.13 265.34 55.40 .00 .00 3.00 .19 < .001 

Implicit Visual number line .05 256.87 47.87 .30 4.30 .11 < .01 
Explicit Visual number line .13 109.91 6.96 .50 .50 2.76 .27 <. 001 

Experiment 3 

Implicit Open-ended 
numeric 

.20 48.61 -10.12 .80 4.10 .07 < .001 

Explicit Open-ended 
numeric 

.20 49.25 -8.50 .00 .30 3.77 .09 < .001 

Implicit Visual number line .19 49.13 -6.77 .00 3.96 .12 < .001 
Explicit Visual number line .21 47.76 -7.95 .40 .40 3.78 .19 < .001 

Note: ω is a weight that reflects the degree to which the cognitive representation of the price level in the target category 
is biased towards the price level in the base category; θ is a weight that represents the degree to which the reference 
price for the base category is adjusted in response to the newly encountered prices in the base category and ν 
represents the degree to which the cognitive representation of the reference price for the target category is biased 
towards the reference price for the base category 

a We simulated prices from a normal distribution with M = 12.25 and SD = 2.40. Further details can be obtained from 
the authors. 

The Bayesian information criterion (BIC) was used as the model selection criterion. In all cases, 
the models showed the best fit to the data when f had the form of a first-degree polynomial, 
suggesting a linear relationship between the judgment of the price level and the standard versus 
target evaluation, at least in the context of the price ranges we used in our experiments. In both 
visual number line conditions, the explicit model formulation resulted in a better fit than the implicit 
formulation. Using data from Experiment 3, the best fit was obtained for a model in which both 
weighting parameters were set to θ = ν = .40, indicating approximately balanced weighting of the 
internal reference price and external price information. Using the data from Experiment 1, we found 
similar results. The best-fitting model was a model with θ = ν = .50.  

As expected, we observed a slightly better fit of the implicit model in the open-ended numeric 
condition, indicating that the activated reference price representation was not strong enough to 
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override the implicit price transfer mechanism. The value of the weighting parameter that yielded 
the best fit in this condition (ω = .80) suggests a strong bias towards the prices in the base category, 
that is, a generalisation of prices from the base category to the target category.  

We used two different approaches to calibrate the models for the condition without prior 
reference price assessment. The first approach, using reference prices measured after the 
experimental task, resulted in all cases in degenerate estimates. In the second approach, we used 
simulated reference prices based on the prices observed in the visual-number line condition1, and 
set the mapping function parameters to the point estimates obtained in the visual number line 
condition (intercept β0 = 3, slope β1 = .20). The best fit was obtained with a weighting parameter of 
ω = 1, equivalent to pure reliance on the prices in the base category. Given the repeated exposure to 
prices in the base category, it is not unlikely that participants did indeed have such a strong 
representation of the base category prices at the time the judged the prices in the target category.  

The ambiguous results we observed earlier when we split the participants based on the level of 
their reference prices could be explained in terms of differences in the strength of the representation 
of internal reference prices. In our formal models, this would be equivalent to differences in the 
weighting parameters. Since the focus of this paper lies in the general description of the two 
processing mechanisms we will not investigate individual differences in the weighing parameters 
further but simply suggest further research in this direction. 

GENERAL DISCUSSION 

The aim of the research presented here was to explain the transfer of price information across 
product categories by two simple mechanisms. We suggest that the mechanisms differ with regard 
to whether the internal reference price as comparison standard has been considered prior to 
incidental price exposure, similar to previous research in store price image perception (Hamilton & 
Chernev, 2010). The first mechanism operates through biased cognitive representations of product 
prices and leads to generalisation effects. The second mechanism operates through biased 
representations of reference prices for categories that serve as comparison standards in subsequent 
price judgments and leads to assimilation and contrast effects. We assumed that the first mechanism 
is the “default” but that the second mechanism is triggered when a complete cognitive 
representation of the reference price for the judgment category becomes accessible before price 
information in another category is encountered. We suggested two formal models which were 
supported by our data. We managed to demonstrate the predicted effects although we used price 
differences that were only a fraction of the price differences used in previous studies such as Adaval 
and Wyer (2011), Nunes and Boatwright (2004) and Krishna et al. (2006). Our study is in this 

1 We simulated prices from a normal distribution with M = 12.25 and SD = 2.40. Further details can be obtained from 
the authors. 
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respect more conservative and also more ecologically valid since we used price differences typical 
for real supermarket settings. 

Our results contribute to the literature in several respects. We present an alternative to previous 
explanations of cross-category price information transfer such as one suggested by Adaval and 
Wyer (2011). Our results and interpretation differ in several respects from theirs. Most importantly, 
our effects take the role of the internal reference price as comparison standard for price evaluations 
into account. Further, our proposed mechanisms do not differ depending on participants’ level of 
awareness when they were exposed to incidental price information. The results were the same, 
irrespective of whether the incidental price information had been presented subliminally or been 
permanently visible on the screen. Indeed, neither of our mechanisms would require conscious 
awareness of the incidentally encountered prices. Also, our mechanisms do not require further 
mediating processes such as the differential activation of extraneous product attributes which 
Adaval and Wyer (2011, 363) suggest.  

Furthermore, we contribute to research on reference price activation. Numerical cognition 
research suggests that, like all numeric information, prices are encoded and stored as magnitude 
representations along a mental number line (Dehaene & Akhavein, 1995). Although there have been 
concerns in the literature that the usual open-ended numeric format may not be a valid measure of 
internal reference price (Cheng & Monroe, 2013), our experiments are, at least to our knowledge, 
the first ones to provide clear evidence for this. We recommend that, in future research that relies on 
the activation of internal reference prices, both numeric as well as semantic magnitude information 
is provided, such as the visual number line formats we used in Experiments 1 and 3. In addition, it 
would be worthwhile to conduct a deeper analysis of the relative weights of prior reference prices 
and prices to which shoppers are exposed during a shopping trip. 

Finally, our results contribute to price image research by focussing on category price perceptions 
as dependent variables, which are often considered to be the “building blocks” of overall store price 
images (Hamilton and Chernev 2013). Store price images are important from a retail management 
perspective because they influence shopping intentions and store choice.  

Limitations 

Despite those contributions, our research suffers from several limitations which should be 
addressed with future research. We did not test the core assumptions of our formal mechanisms 
explicitly but relied on indirect validation through the presented results. In order to explicitly test 
whether the internal reference price for the base category remains unchanged in the implicit 
reference price mechanism, we would have to assess the reference price before the task to detect 
differences, which would in turn invalidate the mechanism. The second core assumption is that the 
price deferral of the category price only operates in the implicit reference price mechanism but not 
in the explicit mechanism, because the category price was already integrated into the updated 
reference price. In future research one could additionally assess the perceived mean price of the 
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target product category to determine whether this estimate deviates from the presented category 
prices. This test needs careful design considerations in order not to overwrite automatic price 
deferral with deliberate price calculations. 

On top of that, our results still lack power in some instances, which calls for an even more 
controlled setting or a larger sample size. To increase ecological validity and practical relevance of 
our findings, we suggest increasing the sample size. Possibly using an online shopping environment 
with products at slightly more extreme price ranges and a larger sample size, could increase the 
effect size. So far, we found a strong influence of the internal reference price for the effect; it might 
therefore be of relevance to use products where the internal reference price shows little deviation or 
is not established yet (i.e. unfamiliar products).  

Managerial Implications 

Our results have important practical implications. Since grocery shopping is often done under 
conditions of distraction and low involvement, the perceived price level of the first categories 
shoppers encounter on their path through the store is likely to spill over to subsequent categories. 
Retailers may be able to capitalise on this by placing product categories with competitive price 
levels in the beginning of the typical shopping path. This should have a positive net effect on the 
store price image (lower price perception). Furthermore, such a strategy would benefit from positive 
primacy effects: prices perceived at the beginning may have a stronger weight in the formation of 
an overall store price image (Büyükkurt, 1986).  

However, in retail formats where core customers have low reference prices that are likely to have 
been activated by price-oriented advertising or in-store displays (as is typical for discounters), the 
placement of low-priced categories in the beginning of the shopping path may not be the best 
strategy. Here, it would be preferable to increase reference prices at the beginning in the shopping 
path and place categories with high importance for the overall store price image later in the path. To 
obtain a positive net effect on the overall store price image, retailers would have to take care that 
categories with a less competitive price level, positioned at the beginning of the path, will have a 
small weight in the formation of the overall store price image (e.g., seasonal and convenience 
categories). Categories with competitive price levels positioned later in the path should have a 
strong weight in the formation of the store price image (destination and routine categories). 
Previous research provides further recommendations about which categories have a stronger or 
weaker weight in the store price image formation. Desai and Talukdar (2003), for example, show 
that categories with a short consumption span and high category prices have the strongest impact on 
the overall store price image (e.g., beer, cereals and coffee) whereas categories with a long 
consumption span and low category prices have a relatively weak impact (e.g., toothbrushes, 
mouthwash and bin bags).  

In a similar manner, online shops can use the mechanisms identified in this paper to influence 
price perceptions of a focal product by adapting prices of product recommendations shown on the 
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same screen. When implicit processing is more plausible, low-price recommendations may have a 
positive effect on the price evaluation of the focal product, whereas when explicit processing is 
more plausible, high-price recommendations should have a positive impact on the price perception 
of the focal product by shifting the reference price.  

Retailers may not only be interested in influencing the sequence in which shoppers are 
confronted with category prices. They may also want to actively trigger generalisation, assimilation 
and contrast effects by means of price communication. Retailers often use a mixed calculation, 
where selected categories have a lower and more competitive price level than others. Retailers use 
this mixed calculation in the hope that customers will generalise the low perceived price level to 
other categories and to the overall store. Hence, retailers may want to stimulate generalisation 
effects from low-price loss-leader categories. They can do this by avoiding price communication 
formats that are likely to activate explicit reference price representations. Our results indicate that 
purely numeric and purely semantic price information may not fully activate these explicit reference 
price representations; on the contrary, purely semantic information may suppress any price 
information transfer. Purely numeric price communication formats (e.g., “3.99!”) may, however, 
support generalisation effects.  

Furthermore, retailers may want to suppress generalisation effects from less competitive 
categories with higher prices, capitalising on assimilation and contrast effects. Retailers using 
mixed calculation compensate for lower price levels in loss-leader or destination categories with 
higher prices in categories that are less in the focus of customers. In these categories, retailers might 
profit from stimulating assimilation and contrast effects. Based on our results, we would 
recommend communication formats that have similar effects on reference price representations as 
the visual number line format had in our studies. It appears plausible that a mix of numeric and 
semantic price communication may have such an effect (“low price: 3.99!”).  

In research reported here, we suggested and successfully tested two mechanisms explaining 
cross-category price information transfer. Our results contribute not only to the topic as such but 
also to the methodology of reference price measurement, and they have important managerial 
implications. Future research should empirically analyse how these are best implemented in 
practice. Furthermore, future research should shed more light on how implicit and explicit 
processing mechanisms can be activated and under which conditions consumers use them—for 
example, how different price communication formats activate the mechanisms discussed in this 
paper and if the mechanisms differ between planned and unplanned shopping trips. Future research 
might also analyse how category characteristics (e.g., functional vs. hedonic) and distribution 
channels (e.g., brick-and-mortar vs. online) influence the processing mode. 
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ABSTRACT 
The internal reference price is a key concept in behavioural theories of pricing. Whenever 

consumers judge prices (as high or low, fair or unfair, a good or a bad deal), the internal reference 
price is assumed to serve as a standard against which the observed prices are evaluated. Empirical 
investigations of price judgments typically rely on product categories for which reference prices are 
already learned and measurable. However, this strategy has created a blind spot: strictly speaking, it 
is still unknown how an internal reference price is formed, how many exposures it needs to 
stabilise, and how much its stabilisation depends on contingencies between the exposed price and 
the value of the product. We suggest two mechanisms of reference price formation for a new 
product category: reference prices for an unfamiliar product category can either be formed through 
incidental learning or through transfer of price information from another, similar product category 
that is already familiar. To study these processes, we develop a new experimental paradigm in 
which participants learn the distribution of prices in an artificial product category, subject to 
controlled conditions. We report two experiments that support the suggested mechanisms. Both 
depend crucially on the diagnosticity of the prices: in the range of exposure repetitions we used, 
reference prices were only learned reliably when the prices correlated with the value of the 
products. 
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INTRODUCTION 

Judgments of stimulus properties are evaluations of targets relative to external or internal 
standards. If a target is perceived to exceed the standard, it is evaluated positively. If a target is 
perceived to fall short of the standard, it is evaluated negatively. This is as true in our lives as 
consumers as it is in the psychophysical laboratory: during a shopping trip, we evaluate numerous 
products and make our choices between them. To judge whether a product is worth its price, we 
have to evaluate it against a relevant comparison standard. The behavioural pricing literature refers 
to this standard as the internal reference price. It is assumed to consist of a range of acceptable 
prices that becomes more distinct with experience (Cheng & Monroe, 2013). In the behavioural 
economics literature, reference prices are either assumed to be forward-looking estimates based on 
expectations (Köszegi & Rabin, 2006, 2007; Loomes & Sugden, 1986) or backward-looking point 
estimates of the status quo (Kahneman & Tversky, 1979). Either way, they serve as reference points 
relative to which gains and losses are determined.  

Despite considerable amounts of research on the use of reference prices, little is known about 
how reference prices are formed. A real-life example is the formation of a reference price for an 
entirely new product category: how, for example, did the first smartphone users assess if the prices 
they paid were a good deal? How did the first consumers of probiotic dairy products know that they 
were not overcharged? We believe that the fast moving consumer goods market constitutes an 
interesting setting to study processes of reference price formation: numerous new products are 
introduced every year, and occasionally also new categories. Also, there is high managerial 
relevance: how should a new-to-the world product be priced? And to inform such a decision, which 
marketing research methods would be appropriate to measure willingness-to-pay for a new-to-the 
world product?  

We assume two possible mechanisms of how a reference price can be constructed. The first 
mechanism is based on implicit learning of incidentally encountered price information (Frensch & 
Rünger, 2003). This is comparable to a situation of repeated exposure to an unfamiliar product 
category, either via advertising, price information encountered at the point of sale, or—in a research 
setting—assessment of product preferences (e.g., in choice experiments). The other mechanism we 
assume operates through transfer of price information from similar product categories. Assuming 
categorisation as one of the basic principles for how we structure our environment (Rosch, 1978), it 
is likely that, if no prior reference price information is available for an unfamiliar product category, 
price information associated with a similar and already familiar product category will be used as a 
proxy for constructing a reliable reference price.  

In the following, we first provide an overview of the relevance and conceptualization of 
reference price formation. Thereupon we provide further insight into the assumed mechanism and 
derive hypotheses accordingly. In the subsequent section we introduce the experimental design of 
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the two experiments conducted and present the results. We conclude with a discussion of 
implications and suggestions for further research. 

THEORY AND HYPOTHESES 

Relevance of the internal reference price in judgment and decision making processes 

According to assimilation-contrast theory (Sherif & Hovland, 1961), the selection of a 
comparison standard is a crucial aspect of all evaluation tasks: in every judgment that we make, we 
compare a target to an internal or external standard. The internal reference price is assumed to be 
the internally retrieved standard for price evaluation task. If this internal standard is not available or 
not deemed as reliable comparison source, other externally suggested prices must serve as 
comparison standard. If the target is similar to the standard, the judgment is assimilated, if the target 
is dissimilar, the judgment is contrasted. Mussweiler (2003) suggests that whether target and 
standard are perceived to be similar depends on an initial holistic assessment. If the outcome of this 
assessment suggests similarity (which is the default), information that supports similar features 
becomes more accessible, which induces assimilation. If the initial assessment suggests 
dissimilarity, information that supports dissimilar features becomes more accessible, which induces 
contrast. According to Mussweiler (2003), contrast effects can also occur due to the suggestion of 
an external reference point. If a reference point is suggested, it will shift the internal standard closer 
to the reference point, which will in turn lead to a contrasting judgment of information that would 
have been assimilated without the additional reference point. Encountering a high (low) price for a 
product category will therefore shift the internal reference price towards the higher (lower) end of 
the scale, which in turn results in a more (less) favourable price evaluation than before the shift. 
Hence, it is of utmost importance to understand how the comparison standard used in an evaluation 
task is constructed. In the specific case that our paper describes, this means understanding how the 
internal reference price is constructed. 

Conceptualisation of reference prices 

The concept of an internal reference price has extensively been researched in the field of 
behavioural pricing. Cheng and Monroe (2013) present a thorough review of how the internal 
reference price is seen in the behavioural pricing literature, how it is represented and updated. 
According to their summary, the internal reference price consists of a constantly updated range of 
acceptable prices, bounded by upper and lower absolute thresholds. Differential price thresholds 
around the mean and boundaries constitute a range of prices which are perceived to be the same, or 
are perceived to be different but do not exert local influences on price judgments or decisions. This 
reference price range is assumed to be stored in memory and automatically retrieved, when needed 
for a price evaluation. The more experience consumers have with a category, the more distinct is the 
reference price range, thus allowing for more reliable price evaluations. Behavioural economists, on 
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the other hand, traditionally regard reference prices as point estimates against which gains and 
losses are determined as introduces by prospect theory (Kahneman & Tversky, 1979). Those are 
assumed to be short-lived and do not carry over from task to task in an experimental setting (e.g., 
Barberis, Huang, & Thaler, 2006; Rabin & Weizsacker, 2009), even though it has recently been 
acknowledged that previously observed prices can influence the reference point (Herz & Taubinsky, 
2015). A relatively new interpretation of the reference point is the expected distribution of prices 
and the expected probability of purchasing at a given price (Köszegi & Rabin, 2006, 2007), which 
is closer to the view in the behavioural pricing literature of the reference price as a range of 
acceptable prices. Also, the use of several reference points, such as aspiration levels or last price 
paid, is acknowledged in the literature (e.g. Baucells, Weber, & Welfens, 2011; Hoffmann, Henry, 
& Kalogeras, 2013).  

Numerical cognition suggests that numbers are stored along a mental number line which is more 
distinct towards the left and becomes less precise to the right, thus supporting the notion of a 
lognormal distribution (Dehaene & Akhavein, 1995). Related to this, prospect theory suggests that, 
due to loss aversion, at equal distance to the standard (reference price), prices higher than the 
standard are perceived to be closer to the standard than prices below the standard (Kahneman & 
Tversky, 1979). In addition, it has been suggested in the literature that numbers are automatically 
converted into semantic magnitude representations and that this makes it harder to distinguish 
between numbers that are very close together (Dehaene & Akhavein, 1995). Hinrichs and Novick 
(1982) found that, without processing instructions, participants focused on the first two digits of a 
4-digit number, suggesting left-to-right magnitude processing. Several studies found that unit
information (e.g., €, $, kr, gr) did not influence magnitude evaluation, which suggest that prices are
processed in the same way as other numbers (Adaval & Monroe, 2002; Shen & Urminsky, 2013;
Xia, 2003). Reference prices can therefore be influenced by numeric information, even without a
currency unit or with an irrelevant currency unit (Del Missier, Bonini, & Ranyard, 2007).
Consequently, the internal reference price is conceptualised as a range of acceptable prices, stored
along a mental number line with semantic magnitude information attached, which is influenced by
numeric information in the visual scene.

Reference price updating and evaluation (Mechanism 1) 

For the first mechanism that we suggest, we assume that a reference price can be constructed 
through implicit learning of incidental price information (Frensch & Rünger, 2003). We are not 
aware of any studies investigating how a reference price is initially formed for an unfamiliar 
product category, so we rely on theories of reference price updating, which should essentially 
describe the same process. The internal reference price is assumed to be a constantly updated 
internal standard in line with adaptation-level theory (Helson, 1964). New price information is 
evaluated to be within or outside the acceptable boundaries and, if it is within or not too far outside, 
integrated into this range. This process results in a range of prices which is constantly adapted to the 
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prices encountered in the environment. The automatic nature of this process suggests that even price 
information which is observed incidentally, should influence the internal reference price (e.g., 
Adaval & Monroe, 2002). 

A range of studies found support for the automatic updating and evaluation process of the 
internal reference price (Adaval & Monroe, 2002; Bambauer-Sachse & Dupuy, 2012; 
Chandrashekaran & Grewal, 2003, 2006; Herz & Taubinsky, 2015; Yadav & Seiders, 1998). Other 
studies did not assess reference prices before and after the experimental task, but merely assessed 
expected prices after exposure to higher or lower prices for various product categories (Diamond & 
Campbell, 1989; Kopalle & Lindsey-Mullikin, 2003). Consistent with the results of the reference 
price studies, they observed that the expected prices followed the previously observed prices. These 
findings are in line with the probability weighting approach, suggested by Köszegi & Rabin (2006, 
2007): higher observed prices result in a higher weight placed on these prices in the reference price 
distribution. This in particular holds for unfamiliar product categories, where the internal standard is 
weak and newly encountered price information will have a stronger effect on the updating process. 
Hence, we expect that: 

H1a: Higher incidentally observed prices for an unfamiliar product category result in higher 
reference prices, and lower incidentally observed prices result in lower reference prices 

Some of the studies on internal reference price updating found that product involvement and 
experience served as relevant boundary conditions (Bambauer-Sachse & Dupuy, 2012; 
Chandrashekaran & Grewal, 2003; Yadav & Seiders, 1998). Higher involvement and more 
experience reduced reliance on external price information and thereby also reduced the updating of 
the reference price in the direction of the observed prices. Other studies analysed the effect of 
implausibly high external reference prices on willingness-to-pay and deal perception (Biswas, 
Pullig, Krishnan, & Burton, 1999; Urbany, Bearden, & Weilbaker, 1988). The results indicated that 
even implausibly high external reference prices influence deal perception. Using Köszegi & Rabin’s 
(2006, 2007) interpretation, for unfamiliar product categories, these implausible prices might be 
overweighted in the reference price distribution. If consumers have low product involvement and no 
prior experience with an unfamiliar product category, we assume that the reference price will be 
strongly updated in direction of the observed prices. We therefore hypothesise that: 

H1b: Implausibly high incidentally observed prices for unfamiliar product categories result in 
implausibly high reference prices, and vice versa for implausibly low incidentally observed 
prices.  

Asymmetric updating effects 

In behavioural economics, much research on dynamic reference points has focused on the effects 
of loss aversion, a concept introduced by prospect theory (Kahneman & Tversky, 1979). Here, the 
value function is concave for gains and convex for losses, which suggests that losses have a larger 
effect than gains. Understood in the context of mental accounting (Thaler, 1980, 1985), loss 
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aversion suggests that mental accounts are closed more readily following a gain than following a 
loss. Closing a mental account here refers to the mental finalisation of a transaction. Gains and 
losses from the initially allocated budget are incorporated and the new level of wealth is accepted. 
The last price that realised the transaction will be set as a new reference point. Following a loss, the 
account might not be closed immediately or not completely, resulting in no or an only slightly 
adapted reference point. Relating this to the interpretation of constantly updated reference prices, 
reference prices are updated more strongly in the direction of gains than in the direction of losses 
(Arkes, Hirshleifer, Jiang, & Lim, 2008; Chen & Rao, 2002). One example is Arkes et al. (2008) 
who conducted six experiments where they asked the participants to indicate a selling price for a 
stock that would make them as happy as when they initially bought the stock. When stock prices 
rose, participants adapted their reference point more readily, or in other words were more ready to 
close their mental accounts than when prices fell. These effects have been observed by a range of 
other studies concerning stock prices (Baucells, et al., 2011), house prices (Genesove & Mayer, 
2001), mergers (Baker, Pan, & Wurgler, 2012), but also reference prices (Chandrashekaran & 
Grewal, 2006) and expected prices (Diamond & Campbell, 1989; Kopalle & Lindsey-Mullikin, 
2003). We therefore hypothesize:  

H2: Lower incidentally observed prices lead to a stronger downward adjustment of reference 
prices than higher incidentally observed prices. 

Transfer of price information between product categories (Mechanism 2) 

The other mechanism that we assume is the transfer of price information from a familiar, similar 
category to an unfamiliar category, based on the principles of categorisation (Rosch, 1978). Based 
on feature similarity, newly encountered objects are categorised into the closest resembling 
category. If an unfamiliar product category is encountered, it should be evaluated in terms of the 
features of the most similar familiar category, and this would also include price information. Only 
few studies have investigated the effect of price information in one product category on willingness-
to-pay in another product category (Adaval & Monroe, 2002; Adaval & Wyer, 2011; 
Chandrashekaran, 2011; Krishna, Wagner, Yoon, & Adaval, 2006; Nunes & Boatwright, 2004). 
The results are mixed with regard to effects between unrelated product categories, but they agree on 
a transfer effect between similar product categories. These results suggest that, upon encountering a 
new product category, the reference price for a similar product category will serve as a comparison 
standard. We hypothesise therefore that: 

H3: Higher incidentally observed prices for a familiar category result in higher reference prices in 
an unfamiliar product category, and vice versa for lower incidentally observed prices 

With this hypothesis, we also expect also a loss aversion effect (stronger downward adjustment 
of the reference price) that will be transferred from the familiar to the unfamiliar category. 
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The mediating role of the internal reference price on price judgments 

We are interested in the formation of the internal reference price because the selection of the 
comparison standard is key in determining outcomes of judgment and decision tasks (Mussweiler, 
2003). If there is no internal reference stored in memory or it is not deemed reliable, other 
information sources need to be considered for the price evaluation task. Most studies on reference 
price updating are based on willingness-to-pay estimates, which might not reflect actual retrieval of 
an internal reference price. The usually short-lived effects of external price information on 
willingness-to-pay can be explained by numeric information in working memory that might be used 
as a comparison standard – or anchor –  if a reference price is not available or is too effortful to 
retrieve (Nunes & Bowatwright, 2004; Adaval & Wyer, 2011). Hence, external price information 
might be used as comparison standard (Biswas, Pulling, Krishnan & Burton, 1999; Urbany, 
Bearden & Weilbaker, 1988) or used as an anchor from which price estimates are determined (e.g., 
Ariely, Loewenstein, & Prelec, 2003). Alternatively, a strongly adjusted reference price – due to 
low product involvement or lack of experience with the category - might render the reference price 
unreliable (e.g. Yadav & Seiders, 1998) and might therefore not be used as comparison standard in 
reference price judgments. In a similar vein, Dholakia and Simonson (2005) showed that, when 
participants were explicitly instructed to compare a focal price with an advertised selling price, 
willingness-to-pay decreased. Adjacent anchors were ignored when participants were explicitly 
instructed to use these as a comparison standard, suggesting that task-induced reference points alter 
the evaluation process. These studies suggest that if no reference price has been learned for a 
category, or if the reference price is not perceived as a reliable comparison standard, it might not be 
retrieved during the judgment process. In those cases, the observed price level is likely to be used as 
a substitute comparison standard or anchor, which influences the perceived price level directly. If, 
however, a reliable internal reference price was learned, it will serve as a comparison standard, so 
that the observed price level influences the perceived price level indirectly. Depending on the 
difference of the currently observed price level and the learned internal reference price, the 
evaluative outcome would diverge markedly. Hence, we hypothesise: 

H4a: If no reliable internal reference price was learned, then the observed price level influences 
the perceived price level directly. 

H4b: If a reliable internal reference price was learned, it serves as a mediator between the 
observed price level and the perceived price level. 

EXPERIMENTAL PARADIGM 

To test the presented hypotheses we need a complex experimental paradigm that can 
accommodate both mechanisms and the relevant boundary conditions. Experiments 1A and 2 will 
use the same stimuli and similar procedures. We therefore present the design considerations in more 
detail at this point and present the results in the subsequent section. To study the suggested 
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mechanisms of how an internal reference price is constructed for an unfamiliar product category, 
two similar product categories are required that are unfamiliar to the respondents: no reference 
prices should have been learned for these categories. We therefore use stylised products which vary 
slightly in shape and colour. To test the first reference price formation mechanism, the reference 
price should be learned implicitly through repeated exposure to incidental price information in the 
first category (Category 1). To test hypothesis H1a, reference prices must be assessed before and 
after the experimental task. We will refer to these time stamps as t1 and t2 from now on. In order to 
facilitate encoding of price information, the format of the reference price elicitation should be 
aligned with the cognitive representation of the internal reference price. Hence, we use a visual 
number format (Cheng & Monroe, 2013; Chernev, 2003). To address hypothesis H2, one group of 
participants should be exposed to higher prices and another group to lower prices in Category 1, 
resulting in a two-factor between subjects design. To test the second suggested reference price 
formation mechanism, the price information for a familiar, similar category must be transferred to 
an unfamiliar category. The learning process for the first category should make Category 1 more 
familiar to the participant such that a price information transfer can occur to the still unfamiliar 
Category 2 (addressing H3). To address H4a and H4b, we conduct a mediation analysis of the effect 
of observed prices in Category 1 on the reference price for Category 2 and on the perceived price 
level of Category 2. To test the boundary condition suggested by hypothesis H1b, the participants 
should be exposed to implausibly high and low prices in the unfamiliar product Category 2, which 
we address in Experiment 1B. This experiment was conducted as an add-on to Experiment 1A using 
the Category 2 stimuli with implausibly high and low price ranges. The procedure for this part will 
be explained in detail in the relevant section. 

Materials and measures 

Stimuli 
The product stimuli used were rectangular shapes that varied in colour and outline. Category 1 

stimuli were grey rectangles with sharp edges and Category 2 stimuli were purple rectangles with 
rounded edges. An example of the stimuli is provided in Figure 1. Participants were told that objects 
with identical shapes should be considered to be of the same product category. These categories 
were to resemble categories that could be found in the same supermarket. The products carried up 
to 6 coloured symbols which represented product attributes. Participants were told that these 
attributes varied in hedonic, but not monetary value. This can be thought of as a situation in which 
all flavour variants of a product have the same price, even though our favourite flavour is of more 
hedonic value to us than all the other variants. All products were displayed alongside a price tag. As 
the experiments were conducted in Denmark, prices were shown in Danish currency (DKK). The 
high price range was constructed non-overlapping around a mean of 30.11 DKK (SD = 2.5); the low 
price range similarly around a mean of 10.11 DKK (SD = 2.5). 
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Category 1 (left) and Category 2 (right) stimuli Figure 1  

Reference price assessment 
Reference price ranges were assessed using a procedure adapted from Chandrashekaran and Grewal 

(2003). Participants had to indicate the typical price, the highest price they would be willing to pay and 
the lowest price they had seen for each product category using three visual number lines ranging from 
0 to 40 DKK. Following Chandrashekaran and Grewal (2003), the average of these items was used as 
reference price. The visual number line format was used instead of the traditional open ended 
numeric format because it should be more compatible with the cognitive representation of the 
internal reference price range (Cheng & Monroe, 2013; Chernev, 2003).  

Perceived price level 
The perceived price level in Category 2 served as dependent variable in the mediation analysis to 

test H4a and H4b. Participants were asked to rate expensiveness and price level on 7-point scales, 
comparable to previous studies on price judgments (Ofir, Raghubir, Brosh, Monroe, & Heiman, 
2008). These items entered the partial least squares structural equation model used for the mediation 
analysis in the measurement model of the perceived price level. Construct reliability of this two-
item construct was determined as part of the mediation analysis and reported on in the respective 
results section. 

Procedure 

Upon arrival to the university’s laboratory, participants were randomly assigned to a computer 
work station and one of the two conditions. Instructions were given on the screen and not verbally. 
An overview of the experimental procedure is depicted in Figure 2. In the beginning of the 
experiment, participants were presented with the products from the two categories and instructed to 
think of them as products that can be bought in a supermarket. An assortment of each category at a 
price range around 20.45 DKK (SD = 2.62) was shown to them in random order, so that participants 
could familiarize themselves with the products and to establish a weak reference price anchor.  

Thereupon followed the Learning task 1 in which participants were exposed to 2x16 high or low 
price-product combinations (labelled level 1 and level 2 in Figure 2) to implicitly establish a 
reference price for Category 1. Participants were asked about the reference price for both categories 
using the visual number line format at this stage, which we refer to as “reference price assessment 
t1”. Subsequently, participants were exposed to 4x16 high or low price-product combinations (levels 
3 to 6 in Figure 2). To ensure incidental price exposure, participants were preoccupied with a task, 
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indicating the combined hedonic value of the product attributes. Participants were instructed to 
learn the attribute value of either one or zero. Six attributes carried the value one and ten other 
attributes carried the value zero. These attributes could add up to six, if six attributes of value one 
were displayed on the product alternative. The level of difficulty was increased from displaying 
only one attribute to six attributes. Attributes were presented 16 times for each level of difficulty. 
Participants received immediate feedback after each value indication, to ensure that the hedonic 
attribute value was learned, even for such abstract products. 

After the learning task, participants were presented with a product assortment from Category 2 at 
a price range around 20.45 DKK (SD = 2.62), which we refer to as Task 2 in Figure 2. The products 
carried different attribute combinations but were equal in value. The participants were asked to 
evaluated the overall perceived price level of the assortment. Subsequently, participants had to 
indicate their reference price range for both product categories, which we call “reference price 
assessment t2”. 

Experimental procedure of Experiments 1A and 2 Figure 2  

Experiment 1A 

For this experiment, we recruited 70 paid volunteers from the university’s subject pool. The 
mean age was 24.5 (SD = 4.22) and females were slightly overrepresented (64.3%). The scale 
judgments from Task 2 showed a sufficient reliability (Cronbach’s α = .90) to describe the 
perceived price level which is used as dependent variable in the mediation analysis. 
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Reference prices 
Figure 3 displays the reference prices for both categories at t1 and t2. The reference prices for 

Category 1 are on average closer to the mean of the high price condition than to the mean of the low 
price condition and vice versa, suggesting that participants paid attention to the presented prices, 
even though they were not related to the primary task. The elicited reference prices differed 
significantly between the high and the low price condition for Category 1 (Cat 1 t1: F(1,69) = 93.04, 
p<.001, Cat 1 t2: F(1,69) = 311.89, p<.001) as expected. Significant differences between the t1 and t2 

for Category 1 (low price condition: t(35) = -2.76, p<.01; high price condition: t(33) = 3.36, p<.01) 
indicate an augmented effect of price level over the course of the experiment. The reference prices 
in the low-price condition were closer to the mean of 10.11 DKK than the reference prices in the 
high-price condition, where the mean observed price was at 30.11 DKK, suggesting asymmetric 
updating effects. Category 2 reference prices showed a carryover effect from prices displayed in 
Category 1 (Cat 2 t1: F(1,69) = 92.78, p<.001, Cat 2 t2: F(1,69) = 80.47, p<.001), suggesting that price 
information from Category 1 was used as a substitute in the unfamiliar Category 2. The elicited 
reference prices for Category 2 did not differ significantly between t1 and t2, suggesting less 
influence of Category 1 prices over the course of the experiment, and that participants could 
distinguish between the two abstract product categories. 

Elicited reference prices at t1 and t2 for both product categories Figure 3  

Perceived price level 
We use partial least squares structural equation modelling (PLS-SEM) to determine whether the 

elicited reference price serves as a mediator between the observed price level and the perceived 
price level (Baron & Kenny, 1986; Hair, Hult, Ringle, & Sarstedt, 2014). Note that the perceived 
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price level was measured on a different scale than the internal reference price. Using bootstrapping1 
as suggested by Preacher and Hayes (2004), we can determine the strength of the direct effect of the 
observed price level in Category 1 as well as the strength of the indirect effect of the reference price 
as a mediator on perceived price levels. This allows us to determine the variance accounted for 
(VAF) by the indirect effect. One of the benefits of using PLS-SEM for this analysis is that we can 
obtain the mediation results in two steps, as can be seen in Figure 4. In a first step, we regressed the 
perceived price level in Category 2 on the observed price level in Category 1 and found a 
significant negative influence, indicating that in the high price level condition, the price level in 
Category 2 was judged to be significantly lower and vice versa. In a second step, we included the 
reference price from Category 2 in the model and found a significant positive effect of the observed 
price level in Category 1 on the reference price in Category 2, however no significant effect of the 
elicited reference price on the perceived price level in Category 2. The direct effect of the price 
level in Category 1 on the perceived price level in Category 2 remained significant. Due to the non-
significance of the path from the elicited reference price to the perceived price level, we conclude 
that the reference price does not mediate the relationship between the observed price level in 
Category 1 and the perceived price level in Category 2, suggesting that the elicited internal 
reference price is not used as an evaluation standard, either because it was not learned or is not 
perceived as a reliable standard2. 

 analysis of Experiment 1A Figure 4  Mediation

Note: Numbers on arrows depict path coefficients with p-values in brackets. 

1 We use smartPLS (Ringle, Wende, & Becker, 2015) with 5000 subsamples and no sign change for bootstrapping. 
2 We also ran the model with a double mediation including the reference price for Category 1. This resulted in a partial 

mediation effect. The direct effect of observed price level in Category 1 on reference price in Category 2 remained 
significant, which is why we opted for the simpler model. 
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Discussion 
The results from Experiment 1A clearly support H1a in that higher observed prices in Category 1 

resulted in higher elicited internal reference prices in Category 1. Since the price information was 
not relevant for the main task, we can assume that the updating process is indeed automatic. 
Asymmetric effects as hypothesized by H2 could also be observed. Hypothesis H3, suggesting that 
price information is transferred from a familiar to an unfamiliar product category can also be 
confirmed. We found support for H4a that the observed price level influences the perceived price 
level directly. The results suggest that even though participants delivered plausible estimates of an 
internal reference price for both product categories, they did not seem to have established a reliable 
reference price against which they could evaluate Category 2. According to research on implicit 
learning, a requirement for learning without awareness is sufficient environmental regularity 
(Frensch & Rünger, 2003). Our results suggests that the regularity in terms of a relatively narrow 
price range for Category 1 was insufficient to implicitly learn a reliable reference price range. This 
also suggests that implausibly high prices, or numeric information which does not follow the 
learned regularities, should not be integrated into the internal reference price range. Given the low 
task involvement in most experiments and lack of accessibility to the reference price range, numeric 
information that was obtained without awareness and is still active in working memory might be 
used to answer the reference price elicitation question instead. This also suggests that it should not 
matter whether the encountered prices are in a plausible range, as suggested by hypothesis H1b. To 
ascertain this boundary condition, we conducted Experiment 1B. 

Experiment 1B 

To examine the malleability of the elicited reference price, we added a follow-up task to the 
experiment. Following the judgment task, participants were shown 2x16 product variants from 
Category 2 and were instructed to indicate the combined attribute value level of these products, 
similar to Task 1 in Experiment 1A. The prices of these products were within the range of 12-27 
DKK multiplied by a randomly drawn multiplier (0.2, 0.5, 0.75, 1.5, 2.0, 5.0) the conventional price 
ending “.95” was added. This resulted in either implausibly high or implausibly low price ranges, 
relative to prices learned in Experiment 1A. After each set of 16 products, participants were asked 
to indicate their reference price for this category again (we call these instances t3 and t4).  

Results and Discussion 
The results from this task suggest that H1b can clearly be supported. Implausibly high incidental 

price information for an unfamiliar product category resulted in implausibly high elicited internal 
reference prices and vice versa for implausibly low incidental prices. For both reference price 
assessments, at t3 and t4, it became obvious that it is the multiplier that determines the elicited 
reference price (Table 1). The reference price that was stated at the last assessment, at t2 and t3, also 
played a significant role, but only to a minor extent. These results show that the reference price was 
influenced by price information which was irrelevant to the task, irrespective of the level of prices. 
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Even though participants were familiar with the value of the product, it seems that they accepted 
prices between 2.4 and 135 DKK into their reference price range. It is not surprising that a construct 
that malleable is not used as a standard in a price evaluation. Still, these findings are in line with 
previous findings, suggesting strong, but short lived effects of implausible price information on 
willingness-to-pay or offer evaluations (Nunes & Boatwright, 2004; Urbany, et al., 1988). 
Following the interpretation of reference points by Köszegi & Rabin (2006, 2007), the observed 
change in elicited reference prices could be explained by an overweighting of the recent price 
signals; i.e. the expected probability of implausibly high prices to occur is increased and therefore 
dominates the elicited reference prices. But we still have not answered the question of how to 
influence the internal reference price more sustainably. To address this question, we establish a 
more systematic regularity of combined attribute value and price combinations in Experiment 2. 

Table 1  Reference price adaptation 
Reference 
price Cat 2t3 

Reference 
price Cat 2t4 

R2 .55 .55 
Std. β VIF Std. β VIF 

Intercept 0 0 
Multiplier .74*** 1.01 .76*** 1.09 

Reference price Cat 2t2 .15***  1.01 .12***  1.01 
Reference price Cat 2t3 - - .19*** 1.09 

Note: *p<.05, **p<.01, ***p<.001 

Experiment 2 

For Experiment 2, we used the same stimuli and procedure as for Experiment 1A, except that we 
imposed a correlation between the combined hedonic attribute value and the price. For each 
attribute value added, the price increased by approximately 2 DKK. To prevent a bias towards small 
prices, products with a low value were shown less frequently at the higher levels of difficulty. Also, 
there was a greater variation of prices for small value levels than for higher levels. An overview is 
provided in Table 2. For each level of difficulty 16 products were displayed. With increasing 
difficulty, the number of attributes displayed increased and thereby the combined attribute value 
could increase. To avoid learning of one specific price for an attribute value, several prices (around 
a similar mean) were displayed per level of attribute value. Since the low attribute value products 
could be displayed more often a wider variety of prices was created, ranging from five different 
prices for products of value 0 to only one price for a value of 6. The overall mean in the low price 
condition was 10.07 DKK and 29.96 DKK in the high price condition. We recruited 63 paid 
volunteers from the university’s subject pool, with a mean age of 38.95 (SD = 16.01) years, evenly 
distributed across gender. The two perceived price levels were again reliable in describing the 
perceived price level (Cronbach’s α = .88). 
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Table 2  Value and number of occurrence 
Combined attribute value 

0 1 2 3 4 5 6 Total 

L
ev

el
 o

f d
iff

ic
ul

ty
 1 10 6 16 

2 5 5 6 16 
3 4 4 4 4 16 
4 1 1 3 4 7 16 
5 1 2 4 4 5 16 

6 1 1 2 3 4 5 16 

No of 
occurrences 20 18 16 14 14 9 5 

No of prices 5 5 4 3 3 2 1 23 
Note: The table shows the number of different prices shown per level of difficulty and the number of products with a 

given attribute value shown per level of difficulty. At the first level of difficulty for example, 10 of the 16 products 
had an attribute value of 0. Five different prices around a mean of 5.37 DKK in the low price condition and 25.47 
DKK in the high price condition were displayed randomly combined with a product of attribute value 0. 

Reference prices 
Again, the reference prices for Category 1 show a clear bias towards the encountered prices as 

can be seen in Figure 5 (Cat 1 t1: F(1,62) = 78.65, p<.001, Cat 1 t2: F(1,62) = 44.91, p<.001). Contrary 
to Experiment 1A, the elicited reference prices were significantly higher at t2 than at t1 for both 
price level conditions (low: t(32) = 5.76, p<.001, high: t(29) = 3.30, p<.001), thus reflecting an 
expected bias towards the observed increasing prices (and value) over the course of the experiment. 
Also, the reference prices were closer to the respective mean in the low price condition than in the 
high price condition, as expected. Category 2 reference prices were significantly higher in the high 
price condition than in the low price condition (Cat 2 t1: F(1,62) = 83.91, p<.001, Cat 1 t2: 
F(1,62) = 37.32, p<.001). Also, Category 2 reference price increased significantly during the 
experiment in the low price condition (t(32) = 3.35, p<.01) but not in the high price condition, 
suggesting a more distinct reference price range for small prices and less so for high prices (Cheng 
& Monroe, 2013). 
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Elicited reference prices at t1 and t2 for both product categories Figure 5  

Perceived price level 
We use the same mediation analysis approach as in Experiment 1A. In a first step, we again 

observe a significant negative effect of price level in Category 1 on the perceived price level of 
Category 2, as can be seen in Figure 6. Both paths to and from the reference price for Category 2 
were significant, indicating a positive effect of price level in Category 1 on the reference price for 
Category 2 and a negative effect of the reference price in Category 2 on the perceived price level of 
Category 2. The bootstrapping procedure resulted in a standard error of .14, which corresponded to 
a significant t-value3 of -2.55 for the indirect effect. The direct effect of the price level in Category 
1 on the perceived price level in Category 2,became insignificant and positive after including the 
mediator. This sign change resulted in a VAF > 14, which suggests full mediation of the effect of 
the observed price level in Category 1 on the perceived price level in Category 2 by the reference 
price for Category 25. 

3 Obtained by dividing the product of the path coefficients to and from the mediator by the standard error (Hair, et al., 
2014).  

4 For more information see Hair, et al., 2014, p. 225 
5 As with Experiment 1A, we also ran the model with a double mediation including the reference price for Category 1. 

This resulted in a partial mediation effect. The direct effect of observed price level in Category 1 on Reference price in 
Category 2 remained significant, which is why we opted for the simpler model. 
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 analysis Experiment 2 Figure 6  Mediation

Discussion 
As expected, we find that H1a, H2 and H3 could again be supported. The results of Experiment 2 

also support H4b that suggested that the internal reference price serves as a mediator between the 
observed price level and the perceived price level. With a more systematic link between price and 
hedonic value of the combined attributes, it is possible to implicitly learn an internal reference price 
for a product category, which then in turn influences the perceived price level of this category. 
Future research should investigate the sustainability of the effect of increased external regularities 
on implicit learning of reference prices. Another issue, which we could not address in this paper is 
the number of repetitions necessary to successfully learn a reference price implicitly. In the present 
study, we used a six times 16 repetitions with 23 different prices in a relatively narrow price range. 
Whether a reference price could have been learned with fewer repetitions should be subject to 
further research.  

GENERAL DISCUSSION AND CONCLUSION 

In all judgment tasks, we compare a target to an evaluative standard. Understanding the 
mechanism for choosing and constructing the relevant standard is vital for evaluative outcome 
prediction. The internal reference price, an evaluative standard relevant in all economic choices, 
was the subject of the research presented here. Reference price research has been mainly concerned 
with the malleability of the construct of an internal reference price or reference point. Various 
studies have shown that even unrelated or implausibly high price information can significantly 
influence price judgments, suggesting an indirect increase in the internal reference price range (e.g. 
Nunes & Boatwright, 2004; Urbany, et al., 1988). Also, reliance on the internal reference price was 
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previously shown to be moderated by involvement or experience with the product (e.g. 
Chandrashekaran & Grewal, 2003; Yadav & Seiders, 1998). However, none of these studies have 
considered how an internal reference price is formed in the first place and how external price 
information influences the formation of the internal reference price. 

We found support for two mechanisms of how an internal reference for a previously unfamiliar 
product category is formed. The internal reference price can either be learned through repeated 
exposure to incidental price information or it can be constructed based on the transfer of price 
information from a similar, already familiar product category to an unfamiliar category. However, 
both mechanisms depend on one condition: the price and the combined hedonic value of the 
attributes must be closely linked to each other. We observed that, when the price information 
presented follows strict environmental regularities, the elicited reference price mediates the 
perceived price level. These results suggest that studies finding updating of internal reference prices 
towards extreme or irrelevant prices might actually only have elicited a task-induced reference price 
and not the individual’s true reference price. Lack of involvement with the task or lack of 
accessibility of the construct would render it likely that numeric information, which was previously 
obtained and not actively inhibited, was used as a surrogate reference price that would satisfy the 
task demands at the lowest cognitive effort possible. In this regard, we could show that even though 
participants had an extensive learning period with a very similar product category, the elicited 
reference price was updated to any given price range that was suggested to the participants, 
irrespective of the magnitude of the difference between the encountered prices. These results are 
similar to studies in which anchoring effects were found to be of a very short lived nature (e.g. 
Ariely, et al., 2003; Nunes & Boatwright, 2004). Also, we observed asymmetric updating effects 
with a stronger downward updating than upward, as predicted by research in behavioural economics 
(Arkes, et al., 2008). It should be noted that the mean of 10 DKK was closer to the maximum 
attribute value of 6, which might have evoked a stronger association of price and value and 
therefore also a stronger updating in that direction. We deem this effect unlikely though, because 
participants were asked to indicate their attribute value estimate on a scale ranging from one neutral 
smiley to six happy smileys, i.e. we did not display any numbers as such for the attribute value to 
prevent making some connecting between the numeric price value and the numeric attribute value. 
Future research should investigate the relationship of the combined attribute value and the price 
information presented by using prices which are way above the attribute value. 

Our results show that a reference price for an unfamiliar product category can be learned 
implicitly, given that price and value information are congruent. Even though the products were 
very abstract, the results from Task 1 showed that participants learned the hedonic attribute value 
successfully, so that we can be sure that they established a value for the product categories which 
can be reflected in an internal reference price. The reference price had a significant effect on the 
perceived price level, which was assessed right after the learning task. Future research should 
investigate the sustainability of the implicitly learned reference price. If the results turn out to be as 
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short lived as anchoring results, then the implicit learning mechanism might not be sufficient and 
the internal reference price range is constructed in a more complex way than previously assumed. 
Also, we had a very extensive learning period with 3 to 5 repetitions per price-value combination. It 
would be interesting to know whether a reference price could also be learned with fewer repetitions. 
Experimental research that needs a common reference price for all participants will benefit from 
such results. We tested the price information transfer mechanism, based on similar visual features 
and attributes on which the products were evaluated. Future research could identify the role of 
either visual or functional feature similarity in price information transfer. Also, the determinants of 
perceived similarity or the level of categorisation should be investigated in order to enable more 
accurate predictions of price information transfer between categories (e.g., Mohlin, 2014; 
Rubinstein, 1988).  

From a managerial point of view, when testing the acceptance of and willingness-to-pay for 
product innovations, it is important to keep in mind that – depending on the degree of innovation – 
participants may not be able to reliably estimate their willingness-to-pay because they lack a 
standard to compare the product to. When using choice experiments or experimental auctions with 
suggested prices, it is essential to correlate the prices with the combined attribute values to facilitate 
learning of an internal reference price, which can then serve as a more reliable basis for subjective 
willingness-to-pay estimates. The two identified mechanisms also provide different opportunities 
for influencing the reference price formation of new products (e.g., through product categories 
presented close to the new innovative category in a store). 

In a broader perspective, we gained insight into the processes governing standard selection and 
updating in the context of price evaluations. While some previous findings suggested that 
consumers will be influenced by random numeric information when they evaluate prices, our 
research suggests that even though there might be a considerable momentary effect, the internal 
reference price range is less malleable than previously assumed and should lead to unbiased 
evaluation as long as it is accessible at the point the evaluation is made.  
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ABSTRACT 
Whenever consumers have to evaluate a product offering, they have to compare the product’s 

price to an internally retrieved or an externally suggested reference price. Understanding which 
reference price dominates as a comparison standard in a specific purchase situation has important 
managerial implications with regard to pricing strategies. While research has addressed reference 
price usage across product categories and consumer characteristics, little is known about reference 
price usage across store formats. As one of the main determinants for store choice, store price image 
is assumed to play an important role in this context. The objective of this paper is to identify the 
role of the store price image on reference price usage by comparing a low priced store format to a 
high priced store format. Finite mixture modelling of purchase data for butter spread from a 
discount chain and a supermarket chain revealed a higher reliance on the internal reference price in 
the supermarket chain, the format with the higher price image. Segments within the two store 
formats did, however, not differ with regard to their reference price usage. Alternative explanations 
and directions for future research are discussed. 
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INTRODUCTION 

In every purchase situation, consumers have to compare the given product offering against a 
reference price in order to determine whether the offering is a good deal or not. This reference price 
can either be an externally suggested or internally retrieved price standard. In purchase situations 
where an internal reference price is used as the more salient comparison standard, the price of the 
product will be compared to the price history of this product. If previously observed prices are 
lower than the current offering, for example due to heavy promotional activity, the price evaluation 
process will have an unfavourable outcome. But if previously observed prices, for example 
advertised by competitors, are higher than the current offering, the price evaluation process will 
have a positive outcome and increase purchase likelihood. In situations, where the price history of 
the product determines the purchase likelihood, retailers should set price promotions and other 
dynamic pricing strategies accordingly.  

For shopping situations where an external reference price is weighted more in the decision 
process, the prices of all the product offerings currently available are considered for comparison. 
Thus purchase likelihood is not determined by history, but by the currently observed prices in this 
situation. If the competing alternatives are more expensive than the target alternative, for example 
because the target is available at a discount, the evaluation process will have a positive outcome and 
vice versa if the competing alternatives are less expensive than the target alternative. In those 
situations, retailers should set the price of the whole category accordingly to enhance purchase 
likelihood. So far, research has devoted little attention to the setting in which either type of 
reference price is weighted more, but has rather focused on specific categories or consumer 
characteristics that determine reference price usage (Erdem, Mayhew, & Sun, 2001; Mazumdar & 
Papatla, 2000; Moon, Russell, & Duvvuri, 2006). The purpose of the present paper is to focus on 
the role of the store format on reference price usage.  

Considering the generally low involvement, the distracting environment and the time pressure, 
when purchasing fast moving consumer goods, it seems likely that the internal reference price will 
only become salient when considered necessary (e.g., Dijksterhuis, Smith, van Baaren, & 
Wigboldus, 2005; Hamilton & Urminsky, 2013). As one of the key determinants for store choice 
(Hamilton & Chernev, 2013), store price image could play a determining role in deciding whether 
the internal reference price becomes more salient as comparison standard or whether externally 
suggested reference prices are considered more relevant in the evaluation task. Given retailers’ 
struggles of aligning their price image with the actual price level of the store (e.g., Hamilton & 
Chernev, 2010), understanding reference price usage based on store price image could provide a 
means to adjust pricing strategies accordingly.  

Hamilton and Urminsky (2013) suggest that the price image of a store influences the prices 
consumers expect to find at a given store. They find, for example, that the same price is perceived 
to be more expensive in a high price image store format than in a low price image store format. In 
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addition they find that consumers are more likely to search for other prices, upon observing a price 
in a high price image outlet relative to a low price image outlet. They do, however, not consider the 
role of internal versus external reference prices in price evaluations. Considering that the internal 
reference price consists of previously observed prices (from different outlets), this price standard 
might be more relevant in a high price image store than in a low price image store format. In other 
words, in formats with a relatively low price image, the price evaluation of the current prices, i.e. 
the external reference price, might be more relevant than the internal reference price. 

This paper finds support for the effect of store price image on reference price usage by analysing 
scanner data from a discount chain and a supermarket chain loyalty card panel, using the example 
of butter spreads. In the next section, a short overview of the relevant reference price literature will 
be provided, followed by the model specification and data description. The results are presented in 
the light of store price perception of the relevant chain. The discussion considers alternative 
explanations and an outlook for future research. 

PREVIOUS LITERATURE AND HYPOTHESIS DEVELOPMENT 

Conceptualization of the external vs. the internal reference price 

While the existence of both the external and the internal reference price concept is widely 
acknowledged in the literature, little is known about the settings that make each of them more 
dominant (Mazumdar, Raj, & Sinha, 2005). The external reference price is thought of as one - or an 
average of all the - currently observed price(s) in the product category against which the target 
alternative can be compared (Mazumdar & Papatla, 1995). It is therefore a standard that considers 
only the currently available prices in the focal product assortment, without considering current or 
previous prices at other outlets. Previous research found that the price of the last purchased brand 
performed better in modelling consumer choicces than using a random brand as reference product 
(Briesch, Krishnamurthi, Mazumdar, & Raj, 1997). Using a loyalty weighted average of the current 
prices was proposed by Mazumdar & Papatla (1995), but not tested against other 
operationalisations. Considering that in the purchase situation, the prices of all alternatives can be 
observed, it seems likely that not only the price of the last purchased alternative will be considered 
for comparison, but that all price are considered, merely weighted differently. I therefore chose 
Mazumdar & Papatla’s (1995) operationalisation of the external reference price for this research 
project. 

Conceptually, the internal reference price is assumed to be a constantly updated range of 
acceptable prices for a product category, which becomes more distinct with experience with this 
category (Cheng & Monroe, 2013). The upper and lower bounds of the range are assumed to consist 
of individual product and market specific differential price thresholds (Dehaene & Marques, 2002; 
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Monroe, 1973). Price changes, within those thresholds, are perceived by consumers but do not 
induce a change in perceived expensiveness.  

In surveys or experiments, consumers are usually queried directly about their current internal 
reference price for the product of investigation (e.g., Chandrashekaran, 2004; Chandrashekaran & 
Grewal, 2003). Since the internal reference price cannot be elicited directly when working with 
purchase data, several operationalisations can be observed in the literature. For this research project, 
the operationalisation, which has previously been shown to result in the best model fit was chosen 
(Briesch, et al., 1997). I use a composite of the prices previously paid by consumers, and the price 
observed at the last purchase occasion. This specification reflects the assumption that the internal 
reference price becomes more distinct with the consumer’s experience with the product. The higher 
the purchase frequency, the higher the weight placed on the previously established reference price 
relative to the observed price at the last purchase occasion (Mazumdar & Papatla, 2000). The 
formal expressions are presented in the section on variable definitions. 

Consumer price knowledge and reference price usage 

Purchase frequency and price consciousness are important factors for consumer price knowledge 
(Mägi & Julander, 2005). Studies on this subject observe a generally low level of price knowledge 
in the market (Jensen & Grunert, 2014; Vanhuele & Drèze, 2002). These findings suggest that 
consumers rely more on an externally formed reference price constructed at the point of sale than on 
some internal standard, because their price knowledge is too low to form a reliable internal 
reference price. Higher price consciousness has, however, been found to result in better price 
knowledge, a proxy for a more reliable internal reference price (Mägi & Julander, 2005). In store 
formats where more price conscious consumers shop, it can therefore be expected that the internal 
reference price is more important than in store formats where shoppers are less price conscious.  

Results in the literature that indicate increased price knowledge in categories with more frequent 
purchases (Estelami & De Maeyer, 2004; Evanschitzky, Kenning, & Vogel, 2004) suggest that the 
internal reference price is a slowly learned concept which needs sufficient repetition to serve as a 
reliable standard. If this internal reference price is not considered a reliable standard or if the task at 
hand can be solved effortlessly without retrieving the internal reference price, it was found that the 
price evaluation will be performed without evaluating the product offering against the internal 
reference price (Hamilton & Urminsky, 2013; Peschel, Zielke, & Scholderer, 2015). This is in line 
with findings suggesting that the internal reference price is more relevant for price evaluations in 
product categories with a high purchase frequency than for product categories with a low purchase 
frequency (Mazumdar & Papatla, 2000).  
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External vs. internal reference price usage 

Most studies in the area of reference price usage included only an internal or an external 
reference price in the research design (see e.g., Briesch, et al., 1997), thereby ignoring the interplay 
of the two concepts on price evaluations. Research on reference price usage that accounted for both 
internal and external reference prices found that both types of reference prices play a significant 
role in the decision making process, with some differences between consumer segments and product 
categories (e.g., Mazumdar & Papatla, 2000; Moon, et al., 2006; Rajendran & Tellis, 1994). 
Mazumdar and Papatla (2000) for example found that the internal reference price was used more for 
expensive categories and categories with less promotional activity. They also found that the internal 
reference price users made decisions between fewer alternatives than external reference price users. 
Moon et al. (2006) found that most consumers used either an internal or an external reference price 
and that internal reference price users were more price sensitive. In contrast to Mazumdar and 
Papatla’s (2000), they suggest that internal reference price shoppers are more likely to respond to 
promotional activity than external reference price shoppers. None of these studies have considered 
the role of the store format on reference price usage.  

Store price image and reference price usage 

Store price image is a multidimensional construct consisting of a range of price and non-price 
cues, which plays a major role in store choice (Hamilton & Chernev, 2013). The chosen store 
thereby reflects the expected price level, which in turn influences the price evaluation of the 
observed shelf prices. One critical feature with regard to these price evaluations is the sensitivity of 
the internal reference price to price changes, i.e. the differential price thresholds. Even small price 
changes will be detected if a given internal reference price has narrow differential thresholds. With 
broad thresholds more dramatic price changes are needed to induce a change in price level 
evaluation. Thus, the broader the differential price thresholds, the less diagnostic is the internal 
reference price in the decision making process.  

Drawing on evidence suggesting that expected prices are adapted to the price image of a store 
(Hamilton & Urminsky, 2013) and that differential price thresholds are market specific (Dehaene & 
Marques, 2002; Monroe, 1973), it can be argued that not only the reference price but also the 
differential price thresholds are adapted to the given price image. This insensitivity could explain 
findings in the literature that a higher price was perceived to be moderate in a store with a low price 
image but expensive in a store with a high price image or that price search in other stores was more 
likely after observing a price in a store with a high price image relative to a store with a low price 
image (Hamilton & Urminsky, 2013). A low price image could therefore result in less sensitive 
price thresholds of the internal reference price and render this price standard less relevant. This is in 
line with the findings concerning reference price usage across product categories where the internal 
reference price played a greater role for higher priced products than for lower priced products 
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(Mazumdar & Papatla, 2000). This insensitivity of the internal reference price will make the 
comparison of the current prices more salient, resulting in more weight placed on the external 
reference price in low price image store formats. It is therefore hypothesized: 

H1: The external reference price plays a greater role in a discount chain relative to a traditional 
supermarket. 

It could also be argued that the internal reference price is more important for price sensitive 
consumers (Moon, et al., 2006). Price conscious consumers have previously been observed to have 
better price knowledge (Mägi & Julander, 2005), which suggests a more reliable internal reference 
price standard. Considering that price sensitive consumers are more likely to shop in a store with a 
low price image relative to a store with a high price image (Zielke, 2014), the internal reference 
price should be more important in a store format with a low price image. This leads to the 
competing Hypothesis 2: 

H2: The internal reference price plays a greater role in a discount chain relative to a supermarket. 

Assuming that the price sensitive consumers frequent the discount chain due to its low price 
image does not contradict Hypothesis 1, but might rather be an antecedent to the effect: by choosing 
the discount chain due to its low price image, a price sensitive consumer can reduce the price search 
to finding the cheapest alternative among the generally cheap competing alternatives and can thus 
focus more on the externally suggested reference prices. Using finite mixture modelling, it is 
possible to find segments within store formats which support either hypothesis, but the relative size 
of the segments might differ across store formats. 

MODEL SPECIFICATION AND ESTIMATION 

To answer the research question of how and why reference price usage differs across store 
formats, a combination of the models introduced by Mazumdar and Papatla (2000) and Rajendran 
& Tellis (1994) is used. The model follows the traditional approach of modelling brand choice (e.g., 
Guadagni & Little, 1983), which assumes that consumers evaluate products based on their 
combined attribute value and choose the one that delivers the highest utility to them. These utilities 
are assumed to be random such that there is a probability for each alternative to offer highest utility 
and to be chosen. Mazumdar & Papatla (2000) incorporate internal and external reference price 
effects in the utility specification with a parameter of relative weight placed on each of the reference 
prices, denoted as λ. Since the main interest of this paper lies in the estimation of the relative weight 
placed on either reference price and not in gain and loss sensitivities, the simpler model 
specification introduced by Rajendran and Tellis (1994) is used. Hence, the reference price effect is 
not split up into gains and losses, but only the difference between the reference price and the 
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observed price is included1. To obtain the weight placed on either reference price specification, 
both reference price specifications are estimated with the same reference price parameter, weighted 
by λ. Following Rajendran and Tellis’ (1994) model specification further, the current price of 
alternative i is not included as a separate effect as has been done in other models (Mazumdar & 
Papatla, 2000; Putler, 1992), but only enters the model through the reference price specification. 
Product loyalty, as introduced by Guadagni & Little (1983), is included in the model to account for 
heterogeneity in purchase behaviour at the customer level. 

The studies presented earlier, already established that there exist heterogeneity within store 
formats regarding reference price usage. In order to account for this, the model parameters are 
allowed to vary across consumer segments. A finite mixture model specification that assumes 
heterogeneous preferences across k = 1, …, K segments in the population and homogeneous 
preferences within those segments, with a segment membership probability 𝑠𝑠𝑘𝑘, where ∑ 𝑠𝑠𝑘𝑘𝑘𝑘 = 1, is 
applied (e.g., Kamakura & Russell, 1989). This leads to the utility specification of an alternative i to 
a household H at time t below: 
(1) 𝑈𝑈𝑖𝑖𝑖𝑖𝑖𝑖𝑘𝑘 =

𝛽𝛽0𝑖𝑖𝑘𝑘 + 𝛽𝛽𝐿𝐿𝐿𝐿𝐿𝐿𝑘𝑘 × 𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝑅𝑅𝑅𝑅𝑘𝑘 × [𝜆𝜆𝑘𝑘(𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖 − 𝐼𝐼𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖) + (1 − 𝜆𝜆𝑘𝑘)(𝐸𝐸𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖 − 𝐼𝐼𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖)] + 𝛽𝛽𝐷𝐷𝑘𝑘  ×

𝐷𝐷𝑃𝑃𝑠𝑠𝑃𝑃𝐿𝐿𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑘𝑘 ,

where 
𝑈𝑈𝑖𝑖𝑖𝑖𝑖𝑖𝑘𝑘  = utility of alternative i to household H at purchase occasion t conditional on the household’s 
membership of segment k; 
𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖𝑖𝑖𝑖𝑖 = loyalty of H to alternative i at t; 
𝐼𝐼𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖 = price of alternative i for H at t; 
𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖 = internal reference price of i for H at t; 
𝐸𝐸𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖 = external reference price for H at t; 
𝜆𝜆𝑘𝑘 = relative weight placed by segment k on internal reference prices, 0 < 𝜆𝜆𝑘𝑘 < 1; 
𝐷𝐷𝑃𝑃𝑠𝑠𝑃𝑃𝐿𝐿𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖𝑖𝑖𝑖𝑖 = 1 if i was available at a discount at t, 0 otherwise;  
𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑘𝑘  = random error of H in the utility of i at t.  

Variable definitions 

The variable definitions follow conventional procedures applied in the marketing literature using 
scanner panel data models to ensure comparability with previous findings. 

1 I did estimate the model including separate gain and loss parameters, which turned out not to contribute to 
significantly to the explanation of purchase behaviour. For the sake of parsimony, I opted the for simpler model. 
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Internal reference price 
Following the conventional operationalisation (e.g., Briesch, et al., 1997; Mazumdar & Papatla, 

2000), the internal reference price is modelled as an alternative specific, exponentially smoothed 
composite of prices previously observed by household H for alternative i at purchase occasion t 

(2) 𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖(𝑖𝑖−1) + (1- 𝛼𝛼)PriceiH(t-1),

where 0 < 𝛼𝛼 < 1 is the carryover parameter for the internal reference price and PriceiH(t-1) is the 
shelf price of alternative i observed by household H on the previous purchase occasion. If α > .5, 
then the established internal reference price is weighted more than the observed price in the internal 
reference price computation and vice versa for α < .5.  

External reference price 
Following Mazumdar and Papatla (1995), the external reference price is defined as a loyalty 

weighted-average of the current prices of all observed alternatives. This means that prices for 
alternatives which have been bought more often in the past are weighed higher in the external 
reference price computation  
(3) 𝐸𝐸𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖 = ∑ 𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖𝑖𝑖𝑖𝑖𝐴𝐴

𝑖𝑖=1  × PriceiHt 

This specification does not necessarily indicate that the price for the alternative that is purchased 
more often is better known but merely that it is more likely to serve as a stronger reference than the 
price for an alternative that is never purchased. 

Loyalty 
Following Guadagni and Little (1983) the loyalty variable is computed as an alternative specific, 

exponentially smoothed indicator of the purchase history for alternative i by household H 

(4) 𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛿𝛿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖𝑖𝑖(𝑖𝑖−1) + (1- 𝛿𝛿)IiH(t-1)

where 𝛿𝛿, 0 < 𝛿𝛿 < 1 is the carryover parameter for product loyalty and IiH(t-1) is an indicator equal
to 1 if alternative i was purchased on the previous occasion by household H and 0 otherwise. If 
𝛿𝛿 > .5, then the history of purchasing this alternative is weighed higher than the current purchase 
indicator for the given alternative and vice versa if 𝛿𝛿 < .5. The carryover parameters 𝛼𝛼 and 𝛿𝛿 were 
estimated on aggregate level using Fader, Lattin and Little’s (1992) approach as has been done in 
previous studies (Mazumdar & Papatla, 2000; Moon, et al., 2006).  

Price 
The PriceiHt variable is the shelf prices observed by household H for alternative i at purchase 

occasion t. Since the packages were about the same size, the package price was a more prominent 
product feature to the consumers than the unit price and was therefore used in the analysis. 

Discount 
If alternative i was available at a discounted price at time t, the discount variable was set equal to 

1 and to 0 otherwise. 
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Estimation procedure 

The segment specific weight 𝜆𝜆𝑘𝑘  characterises the segments based on the role that the internal 
reference price plays relative to the external reference price. Consequently, the probability that 
alternative i is chosen by household H, conditional on the household’s membership in segment k, 
with segment membership probability 𝑠𝑠𝑘𝑘 , is given by 

(5) 𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖�𝑠𝑠𝑘𝑘 � = ∑ 𝑠𝑠𝑘𝑘𝑘𝑘 𝐿𝐿𝑖𝑖𝑖𝑖𝑖𝑖(𝛽𝛽𝑘𝑘, 𝜆𝜆𝑘𝑘),

where 𝐿𝐿𝑖𝑖𝑖𝑖(𝛽𝛽𝑘𝑘,𝜆𝜆𝑘𝑘) is the conventional logit formulation for the kth segment,

(6) 𝐿𝐿𝑖𝑖𝑖𝑖𝑖𝑖(𝛽𝛽𝑘𝑘, 𝜆𝜆𝑘𝑘) = 𝑒𝑒𝑈𝑈𝑖𝑖𝑖𝑖𝑖𝑖
𝑘𝑘

∑ 𝑒𝑒𝑈𝑈𝑖𝑖𝑖𝑖𝑖𝑖
𝑘𝑘𝐴𝐴

𝑗𝑗=1

, 

where A is the number of alternatives the household is evaluating, and 𝑠𝑠𝑘𝑘  is the sample segment 
membership probability, 

(7) 𝑠𝑠𝑘𝑘 = ∑ 𝑝𝑝𝑖𝑖
𝑘𝑘

𝑖𝑖
∑ ∑ 𝑝𝑝𝑖𝑖

𝑘𝑘′
𝑘𝑘′𝑖𝑖

, 

where 𝑝𝑝𝑖𝑖𝑘𝑘  is each household’s individual probability of membership in segment k, 

(8) 𝑝𝑝𝑖𝑖𝑘𝑘 =  𝑠𝑠
𝑘𝑘𝐿𝐿𝑖𝑖𝑖𝑖𝑖𝑖�𝛽𝛽𝑘𝑘,𝜆𝜆𝑘𝑘�
𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖�𝑠𝑠𝑘𝑘�

To estimate the finite mixture model, an expectation maximisation (EM) algorithm, as described in 
Train (2008), is applied. This is an iterative procedure that maximizes the given function based on 
the expectation derived from the previous iteration. The overall expectation for all parameters 
𝜃𝜃 = �𝑠𝑠𝑘𝑘,𝛽𝛽𝑘𝑘, 𝜆𝜆𝑘𝑘,𝑘𝑘 = 1, … ,𝐾𝐾⟩ , updated on basis of the previously estimated parameters θ𝑖𝑖−1 
becomes 
(9) ℇ(θ|θ𝑖𝑖−1) = ∑ ∑ 𝑝𝑝𝑖𝑖𝑘𝑘𝑘𝑘𝑖𝑖 log (𝑠𝑠𝑘𝑘 𝐿𝐿𝑖𝑖𝑖𝑖𝑖𝑖(𝛽𝛽𝑘𝑘, 𝜆𝜆𝑘𝑘))

Each set of parameters enters only one term inside the log, which allows separate maximisation
of both terms. The expectation for the sample segment membership probability becomes 
(10)ℇ(s|θ𝑖𝑖−1) = ∑ ∑ 𝑝𝑝𝑖𝑖𝑘𝑘𝑘𝑘𝑖𝑖 log (𝑠𝑠𝑘𝑘 𝐿𝐿𝑖𝑖𝑖𝑖𝑖𝑖(𝛽𝛽𝑘𝑘,𝜆𝜆𝑘𝑘)), 

which can be rewritten as equation (7). The second term of equation (9), the maximisation 
function for each segment, can be expressed as 
(11)ℇ(𝛽𝛽𝑘𝑘, 𝜆𝜆𝑘𝑘|θ𝑖𝑖−1) = ∑ 𝑝𝑝𝑖𝑖𝑘𝑘𝑖𝑖 log (𝐿𝐿𝑖𝑖𝑖𝑖𝑖𝑖(𝛽𝛽𝑘𝑘,𝜆𝜆𝑘𝑘) 

To initialize the parameters 𝛽𝛽𝑘𝑘, 𝜆𝜆𝑘𝑘 an aggregated logit model is estimated for K subsamples. The 
initial shares 𝑠𝑠𝑘𝑘  correspond to 1/K. Upon successful initialization, equations (11) and (10) are 
maximised until convergence is reached, to obtain the segment specific parameters 𝛽𝛽𝑘𝑘, 𝜆𝜆𝑘𝑘  and 
segment membership probabilities 𝑠𝑠𝑘𝑘  for the specified number of segments K. 
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DATA AND RESULTS 

Data description 

Purchase data for butter spreads2 were obtained from a randomly drawn sample of 4299 loyalty 
card customers from a discount and a supermarket chain in Denmark for a period of 100 weeks in 
2014 and 2015. To provide confirmation for differences in perceived price image across chains, the 
data set contained information on the perceived price level of both chains for most of the 
households. This data was obtained through an online survey by the data provider during the second 
half of 2015. In addition, weekly shelf prices and discount information for the most purchased 
alternatives from the top five brands was added to the data set. This information was added to 
reduce possible bias of inferring prices from alternatives that did not show up in the purchase data 
in a given week even though the product was available at the point of purchase. Those alternatives 
accounted for 89% of sales in the discount chain and 74% of sales in the supermarket. Such pruning 
strategies are widely acknowledged in the literature, leading to some but tolerable bias in the 
estimation (Andrews & Currim, 2005; Zanutto & Bradlow, 2006). To ensure sufficient observations 
to calculate the loyalty and internal reference price variable, the households had to make at least six 
purchases in the given period, similar to previous research (e.g., Briesch, et al., 1997; Mazumdar & 
Papatla, 2000; Moon, et al., 2006). Purchases in the first 30 weeks of the observation period were 
used for initialisation and the remaining 70 weeks for model calibration. This left four alternatives 
in the discount chain and five alternatives in the supermarket. Three of these alternatives were 
available in both store formats. Throughout the two year period, there were 19 different products 
available in the discount chain and 23 in the supermarket. An overview of the data sets is shown in 
Table 1. The price level in both store formats was similar. Both data sets contained one low priced, 
own-brand alternative, which displayed a lower share of purchases. This alternative served as 
reference in the analysis. Notably, the discount chain offered a slightly higher share of products on 
discount than the supermarket chain. 

2 Butter spreads are defined here as fat spreads consisting of both butter and oil parts to enhance spreadability but 
maintain the buttery flavour. These spreads are widely available and slowly substituting butter and margarine 
alternatives in the Danish market. As a staple food product, with limited variants in the market and an intermediary 
shopping frequency, this product seemed suitable for analysis, similar to previous research using margarine (e.g., 
Mazumdar & Papatla, 1995). 
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of the purchase data Table 1  
Description Product Discount chain Supermarket chain 
No. of households   428   597 
No. of purchases 4478 6387 

Mean price (SD) % on 
discount 

% 
purchased Mean price (SD) % on 

discount 
% 

purchased 
Alternative 1 10.19 (2.09) .68 .41   9.98 (1.74) .62 .15 
Alternative 2 13.74 (2.71) .64 .20 14.43 (2.45) .32 .47 
Alternative 3 10.68 (1.97) .95 .24 10.10 (2.06) .58 .21 
Alternative 4 18.00 (  .71) .12 .15 13.78 (1.57) .33 .07 
Alternative 5 - - - 18.20  ( .69) .00 .10 
Note: Alternatives 1-3 were the same in both store formats. 63 households were in both data sets. 

Estimation Results 

Aggregate model 
To get an overview of general differences in reference price usage across store formats, an 

aggregate multinomial logit model (MNL) was estimated as the reference model. Table 2 shows 
that reference price usage was considerably higher in the supermarket relative to the discount chain. 
The λ of .23 in the discount chain indicates that the external reference price had a greater impact on 
price comparisons than the internal reference price. The opposite was true for the supermarket, 
supporting the hypothesis of a price image effect on reference price usage. Also, the carryover 
parameter for the internal reference price is lower and not significant in the discount chain than in 
the supermarket sample (αD = .17, αS = .75), indicating more reliance on the last price paid than on 
the previous internal reference price in the discount chain sample. Apart from that, the parameter 
estimates do not differ impressively between the store formats. Surprisingly, price sensitivity in 
terms of the strength of the reference price parameter as such did not differ between store formats. 
Whether this is a category specific effect, facilitated through comparable category price levels in 
both store formats, remains subject to future research. The loyalty carryover parameter was found to 
be in a range observed generally in the literature. 
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Estimation results for a MNL model on aggregate level for both store formats Table 2  
Discount chain Supermarket chain 

β       SE Β SE 
Alt1: (intercept) 1.03*** .12 1.05*** .29 
Alt2: (intercept) 1.50*** .15 .78*** .15 
Alt3: (intercept) .56*** .11 .64*** .14 
Alt4: (intercept) - - .45*** .37 
Loyalty 3.83*** .10 4.03*** .10 
Reference price .38*** .01 .34*** .03 
Discount .09*** .09 .19*** .12 
λ .23*** .04 .74*** .08 
Loyalty carryover parameter .78*** .70*** 
Reference price carryover 
parameter .17 .75** 

Model fit 
AIC = 5612.24,  
BIC = 5606.25,  
log-likelihood = -2799.12 

AIC = 7377.38,  
BIC = 7369.86,  
log-likelihood = -3680.69 

Note: ***significant at p<.001, **significant at p<.01, *significant at p<.05 

Finite mixture modelling 
The specified model was estimated for up to five segments to identify segments which differ 

with regard to their reference price usage within the store formats. Findings from comparable 
studies (e.g., Erdem, et al., 2001; Kamakura & Russell, 1989; Mazumdar & Papatla, 2000) and the 
goal to keep segment membership probabilities larger than 10% to ensure interpretable solutions 
determined the maximum number of segments. The model fit criteria decreased continuously with 
additional segments added to the estimation, however without reaching a distinct minimum value. 
The segments did not differ with regard to their reference price usage. In all 2 to 5 segment 
solutions, the segments for the discount chain showed a 𝜆𝜆𝑘𝑘 <.5, whereas for the supermarket 
solution, the 𝜆𝜆𝑘𝑘 was above .53. For simplicity, only the results for the 2-class solution are displayed 
in Table 3  Table 34. As observed for the aggregate solution, the 2-class solutions differed the most 
in regard to the reference price usage across store formats. The larger segment in both store formats 
gained more utility from a positive difference between the reference price and the observed price 
than the second segment, which is why it is dubbed reference price segment in Table 3. For the 
second segment, discounts played a greater role in the decision making process, which is why it is 
dubbed the discount segment. Notably, the discount segment gained utility from Alternative 4, 
which was the only organic product in the data set. Possibly, discounts on this alternative facilitated 

3 There was only one exception of this pattern in the 4-class solution of the supermarket sample. Here λ was .41 for 
class 1 (Table 5). When 𝜆𝜆𝑘𝑘 deviated from the pattern in other cases, the parameter was not significant (Tables 4-6). 

4 The results for the 3-5 segment solutions can be found in the appendix (Tables 4-6). 
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higher rates of purchase of the organic product in the discount segment, relative to the reference 
price segment. These results further support the price image hypothesis. Again, price sensitivity as 
such − in terms of the strength of the reference price parameter − did not differ between store 
formats but only within.  

Estimation results for the 2-class solution for both store formats Table 3  
Discount chain Supermarket chain 

Reference price 
segment 

Discount 
segment 

Reference price 
segment 

Discount 
segment 

.65 .35 .59 .41 
β SE β SE β SE β SE 

Alt1: (intercept) 1.14*** .16 .90*** .22 1.09*** .29 1.48*** .39 
Alt2: (intercept) 1.60*** .20 1.20*** .27 .86*** .15 1.31*** .24 

Alt3: (intercept) .67*** .14 .45*** .20 .73*** .14 1.03*** .24 

Alt4: (intercept) -1.34*** .37 1.05*** .36 
Loyalty 3.44*** .13 4.24*** .17 3.19*** .10 4.45*** .12 
Reference price .52*** .02 .14*** .02 .47*** .03 .14*** .04 
Discount .11*** .13 .27*** .16 .16a** .12 .26*** .17 
λ .19*** .04 .20*** .18 .55*** .08 .91*** .39 
Loyalty carryover 
parameter .78*** 

.70*** 

Reference price 
carryover parameter .17 .75** 

Model fit AIC = 5536.77, BIC = 5530.77, log-
likelihood = -2761.38 

AIC = 7165.86, BIC = 7158.33, log-
likelihood = -3574.93 

Note: ***significant at p<.001, **significant at p<.01, *significant at p<.05, a significant at p<.1 

Price image 

To find further support for the price image hypothesis, the data set contained information about 
the price image of the retail chains. The price image was measured on a 20 point scale on which 
consumers had to rate the price image of both the supermarket and the discount chain relative to a 
competing discount chain on the market. Consumers were asked how much a bag of groceries, 
which costs 100 DKK at a competing discount chain, would cost at the discount chain of interest or 
the supermarket. Starting at 90-94 DKK, the scale increased in steps of 5 DKK up to 185-189 DKK. 
A value of 1 therefore indicates a 7.5 % lower price image and a value of 20 indicates a 87.5 % 
higher price image relative to the competing discount chain. In both samples, the discount chain 
was rated significantly lower than the supermarket (Discount chain sample5: MD = 3.01, MS = 6.40, 
t(363) = -17.1, p<.001; Supermarket sample: MD = 3.04, MS = 5.16, t(478) = -20.16, p<.001), further 

5 Data from the price image assessment was only available for 364 consumers in the discount chain sample and for 479 
in the supermarket sample respectively. 
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supporting the hypothesis that price image can explain reference price usage. Taking a closer look 
at the classes did however not display any more differentiated results. Both classes in the discount 
chain sample rated the discount chain price image not significantly different at a mean around 3 
(reference price segment: M = 3.15, SD = 2.84; discount segment: M = 3.15, SD = 2.41), thus at a 
price level of about 2.5 % higher than the competing discount chain. A similar picture emerged 
from the comparison between segments for the supermarket sample (reference price segment: 
M = 5.06, SD = 2.43; discount segment: M = 5.34, SD = 2.53). The means did not differ 
significantly, which indicates a price image perception of about 12.5 % higher than the competing 
discount chain. These results further support the influence of store price image on reference price 
usage across the store formats, but within store formats the price perception did not differ 
sufficiently to describe a more finely grained picture of the effect. 

Purchase frequency 

Another explanation for reference price usage could be the experience with the store and its 
prices. Given that reference prices become more distinct, and thereby also more reliable, with 
experience, it is likely that the internal reference price is more important in store formats with high 
frequentation by consumers. The data set contained information about the average frequency of 
chain visits for each consumer. As can be seen from Figure 1, the majority of consumers in both 
samples shop at least once a week in the chain in question, suggesting that reference price usage 
cannot be explained by past experiences. Specific experience with the category did not differ 
significantly either. In the discount chain sample, consumers had 10.46 (SD = 2.97) purchase 
incidents on average. In the supermarket sample, the number of purchases was not significantly 
higher at 10.70 (3.08). It should be noted that only consumers with at least six purchases in the 
category were included in the sample, thereby eliminating consumers with little experience with 
prices. This makes the result all the more striking that reference price usage differs across store 
formats, irrespective of experience with category and chain specific prices. Experience with prices 
in a given store, as alternative explanation of internal versus external reference price usage across 
store formats, therefore does not hold. 
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Shopping frequency in both store formats Figure 1  

DISCUSSION AND CONCLUSION 

The main goal of this paper was to determine differences of reference price usage across store 
formats. The results suggest that the internal reference price plays a greater role in a supermarket 
setting relative to a discount chain setting, thus supporting the hypothesized effect of the role of 
store price image on reference price usage. The discount chain was perceived to be significantly less 
expensive than the supermarket, which suggests that the internal reference price was less relevant in 
a low price image setting. This findings could be explained by less sensitive differential price 
thresholds in a high price image store format. These findings are in line with a previously observed 
higher usage of the external reference price in less expensive product categories (Mazumdar & 
Papatla, 2000) and less price search in low price image settings (Hamilton & Urminsky, 2013). Also 
in line with the findings of Mazumdar and Papatla (2000), the discount store, whose customers 
relied more on the external reference price, had a slightly higher share of promotional activity than 
was the case for the supermarket. Further evidence for the basic difference between reference price 
usage across store formats, can be obtained from the result that the estimated latent classes did not 
differ with regard to their reference price usage. All segments in the discount chain relied more on 
external price information in their decision process, whereas all segments in the supermarket relied 
more on the internal reference price in their decision process. Future research could adopt the 
reference price formulation proposed by Dayaratna and Kannan (2012) in order to obtain segment-
specific carryover parameters, which in turn could elicit differences in reference price usage also 
within store formats. With respect to the other parameters, both samples were surprisingly similar. 
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The reference price parameters were similarly strong in both store formats, indicating a comparable 
degree of price sensitivity across store formats - merely evaluated against a different standard. 
These results show no support for the competing Hypothesis 2, i.e. that the internal reference price 
will play a greater role in the discount setting, because the customers are more price sensitive. 

As regards the two segment solution, a large reference price sensitive segment and a small 
discount sensitive segment were found for both store formats. Nevertheless, even though 
differences in shopping behaviour within store formats could be observed, the weight placed on 
either reference price remained stable within store formats. The segmentation approach added to the 
mixed results of previous research regarding the response to promotional activities and reference 
price usage. According to the results from the analysis at hand, a price discount plays a greater role 
for those consumers who gain least utility from a positive difference between either type of 
reference price and the observed price. This effect was independent of reference price dominance. 
This suggests that consumers who gain utility from discounts use them as a price level indicator and 
not their internal or external reference price, as has previously been observed with price tag 
manipulations (Inman, McAlister, & Hoyer, 1990). In contrast to this finding are the opposing 
results from Mazumdar and Papatla (2000), who found that internal reference price shoppers are 
less prone to react to promotional activity, while Moon et al. (2006) found that internal reference 
price users react more to promotions. Further research is needed to clarify the role of price 
promotions and reference price usage. 

Store visit frequency was considered in order to determine whether competing hypotheses could 
explain reference price usage independent of store price image. Price knowledge increases with 
store visit frequency (Mägi & Julander, 2005), which should result in a more reliable internal 
reference price (Cheng & Monroe, 2013). If the discount chain sample visited the store less 
frequently than the supermarket sample, less reliance on the internal reference price could be 
explained. The distribution of store visits did, however, not differ across the samples, indicating that 
familiarity with the store prices that cannot explain the difference in reference price usage. Also the 
average purchase frequency of butter spreads did not differ between store formats, again suggesting 
that reference price usage cannot be explained by the experience with prices. Another explanation 
for the effect could be the number of alternatives present in the market place. With traditionally 
fewer alternatives to choose from in a discount chain, it might be less relevant to remember a 
reference price, since the choice is limited. With a total of 19 and a total of 23 alternatives, 
respectively, found over the two year period in the data set, this explanation does not seem to hold 
either. Also, three of the six product alternatives used in the analysis were the same in both store 
formats, indicating that the prominence of a certain brand and its price are not the determining 
factors for reference price usage. 

The research presented here has limitations which should be addressed in future research. First of 
all, the results need to be replicated with more product categories to allow generalisation. The 
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product category chosen for the analysis represents a widely used, but low involvement product, 
with little variety in preferences and an intermediate inter-purchase time. It is relevant to test the 
hypothesis for other product categories with higher and lower inter-purchase times as well as 
variations in involvement. However, as a starting point, butter spread can be considered a suitable 
benchmark product. For products with a higher degree of heterogeneity of preferences, it is more 
likely to find a better model fit with a higher number of segments than the 2-class solution that was 
obtained for this product category. With more segments, it might be possible to draw a clearer 
picture with regard to price image between classes that can explain the effect of reference price 
usage within store formats. Following the line of argumentation on price thresholds, the analysis 
would have benefitted from applying a model that can account for reference price thresholds, 
similar to Boztuğ, Hildebrandt, & Raman (2013). Future research should implement such a 
specification to determine whether the reference price thresholds differ between store formats with 
a different price image. 

Future research could consider the use of a prediction sample or the use of simulations regarding 
pricing strategies and reference price usage to derive clearer implications for practitioners. This 
should be a second step, building on results from several product categories. Another approach to 
validating the results could be to use mobile eye tracking technology to identify visual search, i.e. 
external reference price usage, relative to memory search, i.e. internal reference price usage, based 
on the fixation patterns at the point of sale. An additional issue for future investigations would be to 
create a sufficiently large sample who shops both at the discount chain and the supermarket to 
determine whether the consumer characteristics determine reference price usage or whether 
shopping behaviour differs between the store formats.  

Given the limited generalisability of the results presented here, managerial implications should 
be derived with a certain degree of caution. The results do imply that in a discount chain, the focus 
should be on making pricing decisions for the category as a whole such that purchase likelihood for 
the alternative with the highest margin can be facilitated based on the price constellation of the 
competing alternatives. For store formats with a higher price image, the price history of the 
alternative, also relative to competitors should be considered to facilitate purchase likelihood. 

To sum up, the results from this research project indicate that store price image determines 
reference price usage. For store formats with a rather high price image, the internal reference price 
plays a greater role, whereas for store formats with a rather low price image, the external reference 
price plays a greater role. Competing explanations could not account for the effect. Future research 
is needed to generalise these effects to other product categories in order to develop targeted 
marketing implications for practitioners. 



REFERENCES 

76 

REFERENCES 

Andrews, R. L., & Currim, I. S. (2005). An experimental investigation of scanner data preparation 
strategies for consumer choice models. International Journal of Research in Marketing, 
22(3), 319-331. doi: http://dx.doi.org/10.1016/j.ijresmar.2004.12.002 

Boztuğ, Y., Hildebrandt, L., & Raman, K. (2013). Detecting price thresholds in choice models 
using a semi-parametric approach. [journal article]. OR Spectrum, 36(1), 187-207. doi: 
10.1007/s00291-012-0313-4 

Briesch, R. A., Krishnamurthi, L., Mazumdar, T., & Raj, S. P. (1997). A Comparative Analysis of 
Reference Price Models. Journal of Consumer Research, 24(2), 202-214. doi: 
10.1086/209505 

Chandrashekaran, R. (2004). The influence of redundant comparison prices and other price 
presentation formats on consumers’ evaluations and purchase intentions. Journal of 
Retailing, 80(1), 53-66. doi: http://dx.doi.org/10.1016/j.jretai.2004.01.004 

Chandrashekaran, R., & Grewal, D. (2003). Assimilation of advertised reference prices: the 
moderating role of involvement. Journal of Retailing, 79(1), 53-62. doi: 
http://dx.doi.org/10.1016/S0022-4359(03)00002-2 

Cheng, L. L., & Monroe, K. B. (2013). An appraisal of behavioral price research (part 1): price as a 
physical stimulus. AMS Review, 3(3), 103-129. doi: 10.1007/s13162-013-0041-1 

Dayaratna, K., & Kannan, P. K. (2012). A mathematical reformulation of the reference price. 
Marketing Letters, 23(3), 839-849. doi: 10.1007/s11002-012-9192-3 

Dehaene, S., & Marques, J. F. (2002). Cognitive euroscience: Scalar variability in price estimation 
and the cognitive consequences of switching to the euro. The Quarterly Journal of 
Experimental Psychology Section A, 55(3), 705-731. doi: 10.1080/02724980244000044 

Dijksterhuis, A., Smith, P. K., van Baaren, R. B., & Wigboldus, D. H. J. (2005). The Unconscious 
Consumer: Effects of Environment on Consumer Behavior. Journal of Consumer 
Psychology, 15(3), 193-202. doi: http://dx.doi.org/10.1207/s15327663jcp1503_3 

Erdem, T., Mayhew, G., & Sun, B. (2001). Understanding Reference-Price Shoppers: A Within- 
and Cross-Category Analysis. Journal of Marketing Research, 38(4), 445-457. doi: 
doi:10.1509/jmkr.38.4.445.18909 

Estelami, H., & De Maeyer, P. (2004). Product category determinants of price knowledge for 
durable consumer goods. Journal of Retailing, 80(2), 129-137. doi: 
http://dx.doi.org/10.1016/j.jretai.2004.04.003 

Evanschitzky, H., Kenning, P., & Vogel, V. (2004). Consumer price knowledge in the German 
retail market. Journal of Product & Brand Management, 13(6), 390-405. doi: 
doi:10.1108/10610420410560299 

Fader, P. S., Lattin, J. M., & Little, J. D. C. (1992). Estimating nonlinear parameters in the 
multinomial logit model. Marketing Science, 11(4), 372. 

Guadagni, P. M., & Little, J. D. C. (1983). A Logit Model of Brand Choice Calibrated on Scanner 
Data. Marketing Science, 2(3), 203-238.  

Hamilton, R., & Chernev, A. (2010). The Impact of Product Line Extensions and Consumer Goals 
on the Formation of Price Image. Journal of Marketing Research, 47(1), 51-62. doi: 
doi:10.1509/jmkr.47.1.51 

Hamilton, R., & Chernev, A. (2013). Low Prices Are Just the Beginning: Price Image in Retail 
Management. Journal of Marketing, 77(6), 1-20. doi: 10.1509/jm.08.0204 

Hamilton, R., & Urminsky, O. (2013). Inference Not Reference: The Price Image Heuristic as an 
Alternative to Reference Price Theories. Working paper. Emory University. 



CHAPTER 3 Reference price usage across store formats 

77 

Inman, J. J., McAlister, L., & Hoyer, W. D. (1990). Promotion Signal: Proxy for a Price Cut? 
Journal of Consumer Research, 17(1), 74-81. doi: 10.2307/2626826 

Jensen, B. B., & Grunert, K. G. (2014). Price knowledge during grocery shopping : What we learn 
and what we forget Journal of Retailing, 90(3), 332-346.  

Kamakura, W. A., & Russell, G. J. (1989). A Probabilistic Choice Model for Market Segmentation 
and Elasticity Structure. Journal of Marketing Research, 26(4), 379-390. doi: 
10.2307/3172759 

Mazumdar, T., & Papatla, P. (1995). Loyalty Differences in the Use of Internal and External 
Reference Prices. Marketing Letters, 6(2), 111-122. 

Mazumdar, T., & Papatla, P. (2000). An Investigation of Reference Price Segments. Journal of 
Marketing Research, 37(2), 246-258. doi: 10.2307/1558503 

Mazumdar, T., Raj, S. P., & Sinha, I. (2005). Reference Price Research: Review and Propositions. 
Journal of Marketing, 69(4), 84-102. doi: doi:10.1509/jmkg.2005.69.4.84 

Monroe, K. B. (1973). Buyers' Subjective Perceptions of Price. Journal of Marketing Research, 
10(1), 70-80. doi: 10.2307/3149411 

Moon, S., Russell, G. J., & Duvvuri, S. D. (2006). Profiling the reference price consumer. Journal 
of Retailing, 82(1), 1-11. doi: http://dx.doi.org/10.1016/j.jretai.2005.11.006 

Mägi, A. W., & Julander, C.-R. (2005). Consumers’ store-level price knowledge: Why are some 
consumers more knowledgeable than others? Journal of retailing, 81(4), 319-329. doi: 
http://dx.doi.org/10.1016/j.jretai.2005.02.001 

Peschel, A. O., Zielke, S., & Scholderer, J. (2015). Reference price formation under controlled 
experimental conditions. Working paper. Aarhus BSS, Aarhus University, Denmark.  

Putler, D. S. (1992). Incorporating reference price effects into a theory of consumer choice. 
Marketing Science, 11(3), 287.  

Rajendran, K. N., & Tellis, G. J. (1994). Contextual and Temporal Components of Reference Price. 
Journal of Marketing, 58(1), 22-34. doi: 10.2307/1252248 

Train, K. E. (2008). EM Algorithms for nonparametric estimation of mixing distributions. Journal 
of Choice Modelling, 1(1), 40-69. doi: http://dx.doi.org/10.1016/S1755-5345(13)70022-8 

Vanhuele, M., & Drèze, X. (2002). Measuring the Price Knowledge Shoppers Bring to the Store. 
Journal of Marketing, 66(4), 72-85. doi: 10.2307/3203359 

Zanutto, E., & Bradlow, E. (2006). Data pruning in consumer choice models. Quantitative 
Marketing and Economics, 4(3), 267-287. doi: 10.1007/s11129-005-9000-y 

Zielke, S. (2014). Shopping in discount stores: The role of price-related attributions, emotions and 
value perception. Journal of Retailing and Consumer Services, 21(3), 327-338. doi: 
http://dx.doi.org/10.1016/j.jretconser.2013.04.008 



78 

APPENDIX 

APPENDIX 

This appendix includes the estimation results for the 3-5 class solutions from the finite mixture models. 
Table 4  3-class solution 

Discount chain Supermarket chain 
Class1 Class2 Class3 Class1 Class2 Class3 

Class size 0.28 0.30 0.42 0.48 0.26 0.26 
β SE β SE β SE β SE β SE β SE 

Alt1: (intercept) 11.63*** 11.71 1.43*** 0.32 0.63a** 0.44 0.70*** 0.31 4.07*** 0.60 0.27*** 0.46 
Alt2: (intercept) 10.86*** 11.71 1.08*** 0.35 1.04*** 0.48 0.70*** 0.16 3.38*** 0.42 0.34*** 0.27 
Alt3: (intercept) -1.56*** 40.33 1.34*** 0.19 -0.46a** 0.31 0.62*** 0.15 3.03*** 0.41 0.10*** 0.27 
Alt4: (intercept) -2.34*** 0.54 3.79*** 0.55 -0.40*** 0.43
Loyalty 4.81*** 0.87 2.38*** 0.40 6.02*** 0.58 2.95*** 0.11 5.37*** 0.22 4.27*** 0.14 
Reference price 0.43*** 0.11 0.40*** 0.05 0.25*** 0.06 0.44*** 0.03 0.67*** 0.06 -0.09*** 0.05
Discount -0.94a** 0.66 -0.04*** 0.24 0.65*** 0.33 0.24*** 0.12 -0.78*** 0.23 0.88*** 0.20 
λ 0.00*** 0.27 0.18*** 0.10 0.00*** 0.23 0.52*** 0.10 0.94*** 0.12 1.00a** 0.78 
Loyalty carryover parameter .78*** .70*** 
Reference price carryover 
parameter 0.17 .75** 

Model fit AIC = 5499.64, BIC = 5493.64, 
log-likelihood = -2742.82 

AIC = 7109.99, BIC = 7102.46, 
log-likelihood = -3546.00 

Note: ***significant at p<.001, **significant at p<.01, *significant at p<.05, a significant at p<.1 
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Table 5  4-class solution 
Discount chain Supermarket chain 

Class1 Class2 Class3 Class4 Class1 Class2 Class3 Class4 
Class size 0.22 0.15 0.32 0.31 0.28 0.26 0.24 0.22 

β SE β SE β SE β SE β SE β SE β SE β SE 
Alt1: (intercept) 4.24*** 0.46 3.20*** 0.49 0.32a** 0.20 0.72*** 0.26 3.68*** 0.48 -0.02*** 0.45 -0.41*** 0.47 3.65*** 0.67 
Alt2: (intercept) 5.22*** 0.52 3.32*** 0.53 0.52*** 0.27 1.14*** 0.31 3.21*** 0.32 0.07*** 0.26 0.17*** 0.22 3.00*** 0.42 
Alt3: (intercept) 2.61*** 0.40 2.88*** 0.46 0.41*** 0.17 0.12*** 0.23 2.94*** 0.31 -0.11*** 0.25 0.28a** 0.20 2.53*** 0.41 
Alt4: (intercept) -4.96*** 7.13 -0.73*** 0.42 -1.77*** 0.56 3.64*** 0.61 
Loyalty 2.75*** 0.29 2.71*** 0.25 2.20*** 0.18 4.75*** 0.19 2.60*** 0.16 4.28*** 0.14 2.49*** 0.16 5.89*** 0.27 
Reference price 0.77*** 0.05 0.29*** 0.03 0.45*** 0.03 0.16*** 0.03 0.40*** 0.04 -0.09*** 0.05 0.54*** 0.04 0.71*** 0.07 
Discount -0.07*** 0.32 0.05*** 0.23 0.19*** 0.16 0.31*** 0.18 0.11*** 0.16 0.87*** 0.20 0.30*** 0.18 -0.89*** 0.28
λ 0.04*** 0.05 0.30*** 0.12 0.12*** 0.06 0.15*** 0.18 0.41*** 0.14 0.91a** 0.71 0.53*** 0.12 0.96*** 0.13 
Loyalty carryover parameter .78*** .70*** 
Reference price carryover parameter 0.17 .75** 

Model fit AIC = 5467.16, BIC = 5461.16, 
log-likelihood = -2726.58 

AIC = 7048.08, BIC = 7040.55, 
log-likelihood = -3516.04 

Note: ***significant at p<.001, **significant at p<.01, *significant at p<.05, a significant at p<.1 
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Table 6  5-class solution 
Class1 Class2 Class3 Class4 Class5 Class1 Class2 Class3 Class4 Class5 

Class size 0.28 0.08 0.15 0.28 0.21 0.19 0.22 0.23 0.21 0.15 
β SE β SE β SE β SE β SE β SE β SE β SE β SE β SE 

Alt1: 0.36a** 0.25 -0.09*** 0.36 8.62*** 7.25 3.96*** 0.35 0.21*** 0.26 6.46*** 0.94 1.50*** 0.45 -0.11*** 0.52 -0.64*** 0.52 2.93*** 0.76 
Alt2: 0.72*** 0.30 -1.95*** 0.60 9.14a** 7.26 4.72*** 0.41 0.54a** 0.34 5.09*** 0.81 1.71*** 0.26 0.03*** 0.31 0.09*** 0.24 2.49*** 0.46 
Alt3: 0.05*** 0.22 -0.07*** 0.31 7.60*** 7.25 2.74*** 0.31 0.51*** 0.22 4.79*** 0.80 1.51*** 0.24 -0.34*** 0.31 0.26*** 0.22 2.04*** 0.44 
Alt4: 3.84*** 0.94 -1.99*** 0.79 -0.71a** 0.49 -2.21*** 0.72 3.31*** 0.68 
Loyalty 4.56*** 0.21 2.81*** 0.28 4.17*** 0.29 2.50*** 0.24 1.42*** 0.24 3.75*** 0.24 2.25*** 0.16 4.71*** 0.17 2.45*** 0.18 5.71*** 0.30 
Reference 
price 0.32*** 0.03 -0.03*** 0.05 0.18*** 0.04 0.67*** 0.04 0.51*** 0.04 0.67*** 0.06 0.21*** 0.04 -0.12*** 0.06 0.58*** 0.05 0.65*** 0.08 

Discount 0.58*** 0.18 0.47*** 0.27 -0.16*** 0.28 -0.38a** 0.24 0.14*** 0.21 -0.43*** 0.24 0.45*** 0.17 0.93*** 0.24 0.26a** 0.20 -0.72*** 0.32
λ 0.43*** 0.10 1.00*** 2.63 0.12*** 0.23 0.06a** 0.05 0.03*** 0.07 0.59*** 0.11 0.13*** 0.28 0.87a** 0.60 0.55*** 0.13 0.92*** 0.16
Loyalty 
carryover 
parameter 

.78*** .70*** 

Reference 
price 
carryover 
parameter 

0.17 .75** 

Model fit AIC = 5445.39, BIC = 5439.40, log-likelihood = -2715.70 AIC = 7029.25, BIC = 7021.72, log-likelihood = -3506.63 
Note: ***significant at p<.001, **significant at p<.01, *significant at p<.05, a significant at p<.1 
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ABSTRACT 
That surface size matters to attention has been well-known in advertising research for almost a 

century by now, however, theoretical accounts for this effect have been sparse. In this paper we 
review studies on surface size effects on eye movements. While most studies find that larger objects 
are more likely to be fixated, receive more fixations, and are fixated faster than smaller objects a 
comprehensive explanation for this effect is still lacking. To bridge the theoretical gap we relate the 
findings from the review to three theories of surface size effects suggested in the literature: a linear 
model based on the assumption of random fixations (Lohse, 1997), a theory of surface size as visual 
saliency (Pieters, Wedel, & Zhang, 2007), and a theory based on competition for attention 
(Janiszewski, 1998). We furthermore suggest a fourth model named demand for attention which we 
derive from the theory of competition for attention by revising the underlying model assumptions. 
In order to test the models against each other, we reanalyse data from an eye tracking study 
investigating surface size and saliency effects on attention. The reanalysis revealed little support for 
the first three theories while the model of demand for attention showed a much better fit to the data. 
We conclude that surface size effects might best be explained as an increase in object signal-
strength which depends on the object size, number of objects in the visual scene, and object distance 
to the centre of the scene. Our findings suggest that advertisers should take into account of how 
objects in visual scene interact in order to optimize attention to, for instance, brands and logos.     

KEYWORDS  
Advertising, Eye movements, Surface size, Visual attention, Saliency 
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INTRODUCTION 

For advertisement to be effective, the advertised information must by necessity be attended to by 
consumers. Attention capture should ideally be fast and reliable and the means to accomplish this 
have been scrutinized by many marketers and researchers. To meet this end advertisers often 
enlarge important objects or messages, for instance, by increasing the size of magazine ads and 
billboards or the size of important elements within the ad. A large object in an advertisement is 
more likely to receive attention than a small object (Wedel & Pieters, 2007) and using the optimal 
size of ads and ad elements furthermore lead to downstream effects such as increased sales (Zhang, 
Wedel, & Pieters, 2009). While this might be a satisfying conclusion from a business perspective, 
there exist few theoretical attempts to explain why surface size increments affect attention. 
However, an improved understanding of how surface size affects attention would contribute both to 
research on visual perception of advertising as well as practitioners by allowing a more systematic 
approach to the study and application of surface size effects.  

Our paper aims to bridge this research gap by first summarizing the results of a literature review 
including studies on surface size effects on eye movements. In a second step we relate the findings 
to three theories that were suggested in the literature: a linear model based on the assumption of 
random fixations (Lohse, 1997), a theory of surface size as a consequence of visual saliency 
(Pieters, et al., 2007), and a theory of surface size based on competition for attention (Janiszewski, 
1998). As a final step we propose a fourth model of surface size effects called ‘demand for 
attention’ based on a revision of the theory of competition for attention. This model improves the 
former by adjusting the underlying assumptions based on previous research. In the last section we 
evaluate the models by reanalysing a large eye tracking dataset from a study on consumer decisions. 

The effect of surface size on attention has previously been reviewed by Wedel and Pieters (2008, 
pp. 277-282) as well as Orquin and Mueller Loose (2013). None of these reviews address the 
theoretical underpinnings of surface size effects. 

LITERATURE SEARCH AND FINDINGS 

The databases Web of Science, Scopus, PsychINFO, and Google Scholar were searched using a 
combination of keywords related to surface size and visual attention. Additional searching was 
carried out using literature lists and through contact with authors. The literature search revealed 19 
studies fulfilling the inclusion criteria of reporting surface size effects on visual attention 
operationalized by eye movement measures. Most of the studies were conducted using print 
advertisements, focusing on brand, pictorial and text elements. In these studies, participants were 
asked to read through magazines while their fixations on the target advertisement were recorded by 
eye tracking equipment.  

The most commonly reported fixation measures were fixation likelihood, fixation count, total 
fixation duration, and time to first fixation. Fixation count and total fixation duration are closely 
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related variables indicating the number of fixations to a stimulus and the total duration of all 
fixations the stimulus. Fixation likelihood is the estimated probability that an area will capture 
attention while attention capture itself is a binary variable indicating whether the stimulus was 
fixated or not. Time to first fixation indicates how fast an area is fixated after stimulus onset. An 
increase in the first three variables is often referred to as an increase in attention while the opposite 
is true for time to first fixation (for an overview of fixation measures see Holmqvist et al. (2011)). 

The findings from the identified studies were grouped according to the dependent variable in 
question (see Table 1). The most commonly reported dependent variables were total fixation 
duration, followed by fixation count and fixation likelihood while time to first fixation was rarely 
reported. Overall, the studies show that increasing the surface size of an element significantly 
increases fixation count, fixation likelihood, and total fixation duration towards the enlarged object. 
The studies reporting time to first fixation also suggest that larger objects are fixated faster than 
smaller objects. The results reveal a strong and robust effect of surface size on attention, i.e. larger 
objects receive more attention, are more efficient in capturing attention, and do so faster than 
smaller objects.   

Although the main effects of surface size on attention are relatively clear the findings on 
interaction effects with stimulus class are mixed. Several studies have found that the effect of 
surface size depends on the class of stimulus, such as the brand, pictorial, or text element in an 
advertisement (Chandon, Hutchinson, Bradlow, & Young, 2009; Goldberg, Probart, & Zak, 1999; 
Pieters & Wedel, 2004; Pieters, Wedel, & Batra, 2010; Pieters, et al., 2007; Rosbergen, Pieters, & 
Wedel, 1997). However, the findings on interaction effects do not suggest a consistent pattern 
across studies. Pieters and Wedel (2004), for example, found a significant effect of surface size of 
text elements on fixation likelihood and total fixation duration in magazine advertisements but no 
effect of surface size for the brand or pictorial. Contrary to this, in a study on feature advertisements 
the effects were reversed, with only the text element being non-significant (Pieters, et al., 2007). A 
further contradiction was reported by Pieters, et al. (2010) in a study on magazine ads, where again 
the total fixation duration towards text elements was unaffected by increases in the surface size. 
Rosbergen, et al. (1997) and Goldberg (1999) only found significant effects of surface size on total 
fixation duration for specific consumer segments. These authors also found that surface size effects 
on time to first fixation differed between stimulus classes.  

Three studies analysed how increasing the surface size of one element affects attention to other 
elements, i.e. how elements compete for attention (Boerman, Smit, & Meurs, 2011; Goldberg, et al., 
1999; Pieters & Wedel, 2004). These studies found significant negative effects of increasing the 
surface size of one element on fixation likelihood, fixation duration and time to first fixation 
towards other elements. However, these competition for attention effects were not consistent across 
studies. Boerman, et al. (2011) found that increasing the size of text elements significantly 
decreases fixation likelihood to pictorial elements. Pieters and Wedel (2004) on the other hand, 
found that increasing the size of text elements significantly decreases the total fixation duration 
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towards brand elements, however, not towards pictorial elements. Furthermore, the study by 
Goldberg et al. (1999) showed that other distracting elements, such as anchor lines, decreased the 
time to first fixate on the enlarged version of the target stimulus.  

This brief overview shows that despite a strong and robust effect of surface size on attention a 
deeper inspection of the findings reveals a more mixed picture. Understanding the mechanisms 
behind the effect of surface size on attention could contribute to explain these apparent 
inconsistencies. In the following section we introduce four theories on surface size effects on 
attention. We review the assumptions and predictions of the theories and relate them to the findings 
from the literature review. As a final evaluation of the theories we reanalyse an eye tracking data set 
thereby providing a direct comparison of how well the models describe eye movements in a 
naturalistic consumer situation. 

 Overview of the existing literature and findings. Table 1  

Author Year Stimulus Fixation 
count 

Fixation 
likelihood 

Total fixation 
duration 

Time to first 
fixation 

Nixon 1924 Magazine ad + –
De Graef 1990 Line drawings +
Lohse 1997 Magazine ad + + – 
Rosbergen et al. 1997 Magazine ad +/ø 
Janiszewski 1998 Catalogue ad + 
Goldberg et al. 1999 Nutrition label ø –/+ 
Wedel & Pieters 2000 Magazine ad + 
Rayner et al. 2001 Magazine ad + + 
Pieters et al. 2002 Magazine ad + 
Pieters & Wedel 2004 Magazine ad +/ø +/– 
Pieters et al. 2007 Feature ad +/ø +/ø 
Pieters & Wedel 2007 Magazine ad + + 
Rayner et al. 2008 Magazine ad + + 
Ryu et al. 2009 Magazine ad + + 
Chandon et al. 2009 Product shelf +/ø +/ø 
Zhang et al. 2009 Feature ad + 
Pieters et al. 2010 Magazine ad +/ø 
Boerman et al. 2011 Magazine ad +/– 
Orquin et al. 2012 Product packages + 
Peschel et al. 2013 Product packages + 

Note: Significant positive effect +, Significant negative effect –, No significant effect ø 

THEORIES OF SURFACE SIZE EFFECTS ON ATTENTION 

Random fixations 

The first and most simple theory of surface size effects proposed by Lohse (1997) states that the 
size of an object determines the number of random fixations landing on the object. According to 
this theory an object covering 1% of the total surface will receive 1% of fixations; an object 
covering 2% will receive 2% of fixations, etc. Object surface size increments therefore influence 
attention metrics linearly resulting in a decrease in time to first fixation, and increase in fixation 
count, fixation likelihood and total fixation duration. 
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The simplicity of the theory is appealing but it makes a strong assumption about a random 
distribution of fixations. Although some theories of eye movements assume a stochastic distribution 
of attention (Krajbich, Armel, & Rangel, 2010) it is unlikely that fixations are randomly distributed 
across visual scenes. In fact, one could argue that fixations are exactly the opposite of random, i.e. 
each fixation is computed to maximize information acquisition (Hayhoe & Rothkopf, 2011) which 
speaks against the fundamental assumptions of this theory.  

The reviewed literature suggests that surface size does not influence attention in a linearly but 
rather logarithmic. In an early study, conducted by Nixon (1924) 30 participants were observed 
while looking at magazine advertisements which either occupied a whole or half a page. The ratio 
of total fixation duration of the full relative to the half page advertisements was estimated to be 1 to 
.74. This indicates greater attention towards the full page advertisement, however not in the linear 
manner as described above, which would predict that reducing object size by 50% also results in a 
loss of 50% of fixations.  

Lohse (1997) conducted a study with 32 participants looking at yellow pages advertisements in 
which participants were asked to find three businesses for each of eight categories presented to him. 
The study showed that the number of fixations per advertisement increased with the size of the 
advertisement, however small advertisements maximised the number of fixations per square inch. In 
other words, small advertisements gained attention more efficiently than large advertisement which 
again contradicts the assumption of a random distribution of fixations.  

Chandon et al. (2009) examined the effect of number of product facings in a simulated 
supermarket shelf on attention. The number of product facings is an indicator of how large an area 
of the shelf is occupied by a particular brand, i.e. the surface size for that brand. The study revealed 
a significant positive effect of number of product facings on fixation count and fixation likelihood 
for an increase from four to eight product facings. Adding four more facings resulted in a marginal 
but significant increase in both attention measures.  

Finally, Orquin, Scholderer, & Jeppesen (2012) examined the effect of surface size of individual 
product packaging elements on attention in a study comparing 160 different products. The analysis 
revealed a better model fit when the surface size variable had been log transformed indicating non-
linear effects of size on total fixation duration.  

The reviewed studies show a very high agreement on non-linear effects of surface size on 
attention. All studies point to a logarithmic effect of size with the higher gains occurring for small 
objects and a diminishing marginal effect for larger objects. We therefore conclude that it is 
reasonable to reject the prediction that surface size has a linear effect on attention.  

Size as saliency 

Another interpretation of surface size effects is that size increments lead to higher visual saliency 
and therefore affect attention through saliency (Pieters, et al., 2007). Visual saliency is often 
manipulated through stimulus contrast or luminance (e.g. Foulsham & Underwood, 2009; 
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Nordfang, Dyrholm, & Bundesen, 2013) but more advanced computational models have been 
developed that integrate several feature dimensions to compute stimulus pop-out. These dimensions 
typically include color, orientation and contrast. The computational models integrate these feature 
layers into a saliency map, predicting the relative saliency of each pixel in the analyzed image (Itti 
& Koch, 2001). If size effects are a function of visual saliency, as suggested, it then follows that 
size effects share psychometric properties with visual saliency such as lower time to first fixation 
and higher fixation likelihood for more salient objects (Itti & Koch, 2001). Another property of 
saliency is that the effect is easily disrupted by task instructions (Einhäuser, Rutishauser, & Koch, 
2008), semantic or contextual cues about a visual scene, feature based attention, object 
representations, and rewards for task performance (Kowler, 2011). According to the size as saliency 
theory the same should be true for surface size effects. Another important consequence of the theory 
is that if size is a function of saliency, then the effect size of surface size should be in the same 
range as but never exceeding the effect size of saliency. In line with this, when controlling for 
visual saliency, size effects should be small or non-existent.  

Orquin, et al. (2012) studied the effect of size and saliency of product packaging element on 
fixation likelihood. Spearman rho correlation between size and saliency of each packaging element 
were considerably strong (ρs = 0.434). The correlation coefficient therefore suggests that at least 
some of the effect of size on attention is due to increments in saliency. 

Pieters & Wedel (2007) studied gaze duration to brand, pictorial, headline and body text 
elements of advertisements under different viewing goals (ad memorization, ad appreciation, brand 
learning or brand evaluation). The study revealed that surface size had a significant positive effect 
on attention independent of processing goals indicating that, unlike saliency, surface size effects 
were not disrupted or affected by task instructions.  

Regarding the statement that surface size effects cannot exceed saliency effects, several studies 
suggest otherwise. In the previously described study by Lohse (1997), advertisements were 
distinguished by being black and white or containing some red colour. Within a layout of black and 
white posting, the red advertisement is considered more salient than the others due to increased 
contrast. Accordingly, these advertisements received more attention in terms of increased fixation 
likelihood, total fixation duration and decreased time to first fixation. However, size effects were 
stronger than saliency effects for all three measures.  

In the Pieters, et al. (2007) study saliency was operationalized by assessing target distinctiveness 
and distractor heterogeneity. An element with high target distinctiveness stands out relative to the 
distractor item due to its size and orientation. High distractor heterogeneity is characterized by 
distractors of different size, shape and orientation. Both a high target distinctiveness and low 
distractor heterogeneity result in higher target saliency. The results showed a significant influence 
of both target distinctiveness and distractor heterogeneity on fixation likelihood and a significant 
effect of target distinctiveness on total fixation duration. Yet, as observed before, the effect of 
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surface size was much stronger than the target distinctiveness and distractor heterogeneity 
measures.  

Brand identifiability served as a measure of saliency in the study by Pieters, et al. (2010). This 
measure incorporated different features such as contrast and heterogeneity of background elements. 
Brand identifiability had no significant effect on attention towards advertisement elements or 
towards the advertisement as a whole. Contrary to this, significant surface size effects were 
observed for individual elements.  

Similar results were obtained by Peschel et al. (2013) in which size and saliency were 
manipulated in an orthogonal design. Saliency did not affect attention significantly; size on the 
other hand influenced fixation likelihood significantly. Since the study manipulated visual saliency 
and surface size in an orthogonal design we can conclude that surface size had a significant effect 
independent of the level of saliency. In Orquin, et al. (2012) both size and saliency showed a 
significant effect on fixation likelihood but the influence of surface size on attention was twice as 
strong as that of saliency.  

Overall, the theory of size as saliency can only be accepted in parts. There are sound theoretical 
reasons and empirical evidence that support the assumption of a substantial correlation between size 
and saliency. However, the effects of surface size on attention cannot be subsumed to visual 
saliency as the effect is both independent of and stronger than that of visual saliency. 

Competition for attention 

The theory of surface size referred to here as ‘competition for attention’ (CA) is derived from 
work by Janiszewski (1998). It is based on the assumption that object-based signal-strength 
measured by visual receptor cones deteriorates as a function of distance from the focal point. This is 
due to the fact that less receptor cones are located outside the fovea where the center of the visual 
image is projected onto. Peripheral objects are therefore projected onto an area with fewer 
receptors, resulting in a weaker signal-strength. However, increasing size of peripheral objects, 
leads to a projection on a larger area of receptors and therefore measurably stronger signal-strength. 
The theory further assumes that objects in a visual scene compete for attention based on their 
attentional demand. Attentional demand refers to the strength of an object to attract attention based 
on its size and the distance to the object which is currently fixated. The theory further states that the 
competition for attention, when fixating one object, is equal to the sum of attentional demand from 
surrounding objects. Objects with a low surrounding competition for attention will attract more 
fixations. Janiszewski (1998) calculated competition for attention for an object i as the sum of the 
size to distance ratio of all surrounding objects j which we will refer to as CAJAi: 

(1) 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖 = ∑ 𝑆𝑆𝑗𝑗
𝐷𝐷𝑖𝑖−𝑗𝑗

1
𝑗𝑗
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Where 𝑆𝑆𝑗𝑗  refers to the size (in degrees) of the respective surrounding objects and Di-j is the 
distance (in degrees) from object j to object i. In his first study, Janiszewski (1998) found a 
significant negative correlation of CAJAi with average gaze time (r = -0.46) indicating that an 
object faced with a lot of competition for attention received less fixations. In an additional study he 
found that incorporating CAJAi in a regression model next to size as a factor explained significantly 
more of the observed variance. 

While deriving his model, Janiszewski (1998) pointed out that the attentional demand of any 
object is equal to its size discounted for loss of acuity. We incorporate this idea into his model 
below. The loss of acuity is a consequence of diminishing visual acuity in retinal eccentricity and it 
has been shown that in order to maintain visual acuity an object must increase by 0.2 degrees in size 
for each degree of retinal eccentricity (Anstis, 1974). To maintain acuity as an object gets further 
away from the currently fixated location it must therefore increase by 0.2 degrees. If it, on the other 
hand, maintains its current size it follows that acuity is reduced by a factor of 1/1.2 or 83.33% for 
each degree of retinal eccentricity. The acuity loss function is illustrated in Figure 1.  

Loss in visual acuity as a function of retinal eccentricity. Figure 1  

To compute the acuity of an object of size S and distance D from a current fixation one can 
therefore use the formula: 

(2) 𝐶𝐶𝑃𝑃𝐷𝐷𝑃𝑃𝐷𝐷𝐿𝐿 (𝑆𝑆,𝐷𝐷) = 𝑆𝑆 ∗ 0,833𝐷𝐷 

Incoporating visual acuity loss in the computation of competition for attention for object i (CAi) 
with j surrounding objects results in the following formula:  

(3) 𝐶𝐶𝐶𝐶𝑖𝑖 = ∑ 𝑆𝑆𝑗𝑗1
𝑗𝑗 ∗ 0,833𝐷𝐷(𝑖𝑖−𝑗𝑗) 
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Here each object j is discounted for acuity loss seen from the fixation position of object i. The 
idea is that when fixating an object i all surrounding objects are competing to draw attention away 
from the object. Depending on their distance and size, the surrounding objects will impose an either 
greater or weaker competition for attention. 

Since we are interested in explaining size effects on attention and not the competition of 
attention caused by these effects, we refine the model further. Considering the overall competition 
for attention in the visual scene, the amount of relative competition for attention imposed on any 
object can be computed as the proportion of competition for attention (𝐶𝐶𝐶𝐶𝑖𝑖) for that object relative to 
the overall sum of competition for attention (∑ 𝐶𝐶𝐶𝐶𝑗𝑗𝑁𝑁

𝑗𝑗 ) in the visual scene. To further derive the 
relative amount of attention directed to an object i (𝐶𝐶𝑖𝑖), the proportion of the inverse of competition 
for attention serves as our model of demand for attention based on competition for attention: 

(4) 𝐶𝐶𝑖𝑖 = 1/𝐶𝐶𝐴𝐴𝑖𝑖
∑ 1/𝐶𝐶𝐴𝐴𝑗𝑗𝑁𝑁
𝑗𝑗

This model predicts that, everything else being equal, the more objects there are in a visual scene 
the less attention will be directed to any object. In addition, it can be derived that the effect of 
increasing object size on attention is stronger for smaller set sizes, i.e. visual scenes containing 
fewer objects. If all objects have the same size and distance to each other, each object will receive 
1/N amounts of attention. However, with increasing size and a various degrees of dispersion, 
differences in relative attention devoted to central or peripheral objects can be observed, as 
illustrated in Figure 2. Peripheral objects should initially receive more visual attention due to lower 
competition for attention but have a lower gain from size increments compared to central objects. 
As opposed to the two theories reviewed above the theory of competition of attention predicts that 
increasing object size has diminishing marginal effects on attention. 
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ncrement, central or peripheral Figure 2  Relative attention as a function of object size i
position of the object, and high and low dispersion of objects in the visual scene. 

Evidence in favor of the theory of competition for attention is scarce as the identified papers do 
not provide information about set size or position of the stimuli. One prediction, however, is 
confirmed as diminishing marginal effects of surface size on attention have been extensively 
covered in the previous section. To further assess the robustness of the model on a theoretical level 
we proceed to discuss the assumptions in more detail. The theory has three main assumptions: First 
of all, in order to compute competition for attention it is assumed that all objects are fixated, recall 
that competition for attention is the sum of demand for attention of all surrounding objects. Second 
the theory assumes that there is no effect of the centrality of objects in the visual scene, i.e. objects 
that are positioned more centrally in the visual scene are not fixated more often than peripheral 
objects. The third and most important assumption is that the signal-strength of an object is a 
function of its visual acuity. 

Regarding the assumption of all objects being fixated it is clear that this can only be the case 
under certain conditions such as when there is a limited number of objects in the visual scene. It 
has, for instance, been demonstrated that increasing set size leads to nonattendance, i.e. objects not 
being fixated, and that increasing the set size further leads to increasing nonattendance (Orquin & 
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Mueller Loose, 2013). For a general theory of surface size it is therefore not appropriate to assume 
that all objects are fixated.  

The second assumption that there is no effect of centrality is also difficult to sustain as a general 
principle as it has been shown repeatedly that participants tend to gaze at the middle of a visual 
scene (Tatler, Hayhoe, Land, & Ballard, 2011; Vincent, Baddeley, Correani, Troscianko, & 
Leonards, 2009).  

The third assumption about object signal-strength as a function of visual acuity is more difficult 
to evaluate. To understand the claim about object-based signal-strength one has to consider that it 
has been shown that objects predict attention better than, for instance, visual saliency (Einhäuser, et 
al., 2008; Scholl, 2001). Several computational models have been developed to explain object based 
attention (Orabona, Keshet, & Caputo, 2008; Walther & Koch, 2006). Fundamental for these 
models is the assumption that visual selection occurs after the perception of an object (Rensink, 
2000) or even after the categorization of the object (Bundesen, 1998). These findings suggest a 
strong effect of object based attention in the sense that identifying or recognizing something as an 
object increases the likelihood of fixating it.  

If increasing object surface size augments object identification it should therefore also have an 
effect on attention. It was already shown that size is a strong predictor for visual acuity which 
determines how well a stimulus is detected and identified (Anstis, 1974; Kondo, Araragi, & 
Nakamizo, 2008; Strasburger & Rentschler, 1996). However, most of the studies on object 
identification in eccentricity looked at isolated objects, which is not ecologically valid, as visual 
scenes in general contain several objects. In addition, the number of objects in a scene was shown to 
create visual clutter (Rosenholtz, Li, & Nakano, 2007) or visual crowding (Levi, 2008; Whitney & 
Levi, 2011) which prevents the identification of target objects. Nevertheless, it has been argued that 
crowding is independent of object size (van den Berg, Roerdink, & Cornelissen, 2007) which would 
mean that clutter and crowding can be ignored when trying to describe effects of object size.  

However, a few studies indicate that crowding is not size independent but that differences in size 
and shape between target and flankers diminish crowding effects (Kooi, Toet, Tripathy, & Levi, 
1994; Levi & Carney, 2009; Nazir, 1992). Results of these studies showed increased target 
identification when flankers were larger than the target, i.e. smaller object size lead to increased 
identification when the target became increasingly distinct from the flankers. This suggests that 
surface size can play a larger role than just determining acuity. Whether flanker effects of this type 
occur in natural vision is difficult to say as most experiments on crowding used highly controlled 
lab experiments. What seems clear instead is that surface size does affect the signal-strength of an 
object and that this signal is furthermore dependent on the distance of the object to the location 
currently fixated. This speaks in favor of the third assumption stating that the signal-strength of an 
object is a function of its visual acuity. 
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Demand for attention 

Taking the above considerations into account we propose an alternative model to the theory of 
competition for attention (Janiszewski, 1998). The assumption of object based attention was found 
plausible as described in the considerations above. However, the computation of CAi (equation 3) 
faces two theoretical problems as it is based on the assumption of all objects being fixated and the 
assumption that object centrality plays no role on attention. To address these challenges we propose 
a revision of the model of competition for attention. Our model is based on the demand for attention 
of an object i (DAi) based on its signal-strength relative to all other objects in the visual scene. To 
address the centrality issue we propose that demand for attention is computed as the visual acuity of 
an object (equation 2) as seen from the center of the visual scene (Dc). In order to assess the relative 
demand for attention of an object, thus incorporating competition for attention in this model, the 
proportion of demand for one object is divided by the total demand for attention in the visual scene:  

(5) 𝐷𝐷𝐶𝐶𝑖𝑖 =  𝑆𝑆𝑖𝑖∗0,833𝐷𝐷𝑐𝑐

∑ 𝑆𝑆𝑗𝑗∗0,833𝐷𝐷𝑐𝑐1
𝑗𝑗

The model predicts that objects with a higher relative demand for attention are fixated earlier and 
with a higher likelihood. Plotting the effects of size increments on attention shows that central 
objects demand most attention initially and also gain more from size increments than peripheral 
objects as illustrated in Figure 3. Similar to the model of competition for attention the model 
predicts diminishing marginal effects of surface size on attention. 

Figure 3  Relative attentional demand as a function of size increment and central and 
peripheral position of the object. 
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EMPIRICAL EVALUATION OF THE THEORIES 

In order to evaluate the theoretical models derived above, we reanalysed data from Orquin et al. 
(2012). Fixation likelihood, total fixation duration and time to first fixation from 123 Danish 
consumers were extracted. The total stimulus sample contained 198 products from twelve different 
food categories. For each product, seven elements of interest were defined (brand, category, fat 
percentage, organic label, keyhole label, GDA label, pictorial). Surface size, saliency and position 
on the packaging were determined for each element. The experimental stimuli were existing market 
products which might restrict the co-occurrence of some features. Although product packaging is 
different from advertising the cognitive processes that guide eye movements should be comparable. 
We therefore argue that it is reasonable to transfer findings from product packaging to other areas 
such as advertisement research. 

According to the formulas introduced above, competition for attention as used by Janiszewksi 
(1998) (CAJA), relative attention based on competition for attention including (Ai), demand for 
attention excluding visual acuity loss (DAno_acuity) and demand for attention (DAi) were derived. 
Based on that, Spearman's Rho pairwise correlations of CAJA, Ai, DAno_acuity and DAi with 
aggregated attention measures (fixation count FC, fixation likelihood FL, total fixation duration 
TFD, and time to first fixation TTF) were performed to identify the relationship of models with 
empirical data. In order to compare the performance of the models with other measures, size, 
distance to the center and saliency values were also correlated with the fixation data.  

Pairwise correlations of potential predictors and fixation measures. Table 2  
Variable Mean FC Mean FL Mean TFD Mean TTF 
Demand for Attention (DAi) 0.593 0.594 0.555 -0.498
Surface Size 0.564 0.581 0.511 -0.422
Demand for Attention (DAno_acuity) 0.465 0.388 0.429 -0.395
Distance to Centre -0.366 -0.462 -0.371 0.363
Saliency 0.209 0.306 0.192 -0.162
Attention based on CAi (Ai) 0.123 0.012 0.088 -0.029
CAi Janiszewski -0.051 0.084 -0.037 n.s.
All correlations are significant p < 0.01 level unless labeled n.s. 

The results displayed in Table 2 demonstrate that demand for attention showed the strongest 
relationship with all fixation measures. All correlations were between 0.5 and 0.6, indicating a 
strong relationship between the measure of demand for attention and fixation data. Correlations of 
size were similar to demand for attention, yet slightly less pronounced suggesting that our model of 
demand for attention contributes to explain size effects on attention. Distance to the center showed 
significant correlations with all attention measures as well, even though less pronounced than size 
and demand for attention. To ensure the contribution of visual acuity loss, we also calculated 
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demand for attention without acuity loss (DAno_acuity). This measure still performed better than the 
other competition for attention measures but resulted in considerably weaker correlations than DAi. 
This means that adding distance to the center and visual acuity loss to the model contributes to the 
explanation of size effects.   

Saliency was considerably less correlated with attention data but indicated that more salient 
objects receive more attention in terms of all fixation measures. Ai was weakly but significantly 
correlated with all fixation measures and all correlations point in the expected direction. 
Nevertheless, this model did not proof useful when trying to explain size effects on attention, 
because size as a measure on its own was stronger correlated with fixation data. The model 
introduced by Janiszewski (1998) was even weaker correlated with the empirical data. In addition to 
that, the correlation between competition for attention and fixation likelihood points in the wrong 
direction and the correlation with time to first fixation was not significant. On top of that, we could 
not find a correlation of competition for attention and total fixation duration as strong as reported in 
his study (Janiszewski, 1998).  

The results of this section suggest that the models of competition for attention did not contribute 
to explaining size effect on attention. Contrary, the model of DAi was closest to our empirical 
fixation data. The finding supports the assumption a central fixations bias and the necessity to 
account visual acuity loss when analyzing surface size effects on visual attention. 

DISCUSSION 

Overall the reviewed studies showed that surface size had a significant positive effect on fixation 
count, fixation likelihood and total fixation duration, however magnitude differed in between 
objects and context of the stimuli. In order to get a more profound understanding of size effects and 
to classify their impact on attention, four theories of surface size effects on attention were evaluated 
in this paper. The first theory, explaining surface size effects with a linear increase in attention due 
to random fixations could be rejected based on ample evidence showing that surface size effects on 
attention are logarithmic (Lohse, 1997). Smaller objects gained more from size increases than large 
objects (Chandon, et al., 2009) which suggests that size increments were limited in the capacity to 
increase attention. All in all, these findings explain that size increments do not lead to increased 
attention, simply by an increased probability that fixations randomly land on a larger area. Since 
small elements gain more from size increments, a logarithmic distribution of gains in attention is 
reasonable. Consequently size effects do not influence attention linearly based on random fixations 
but must be explainable with more targeted information acquisition.  

Size as function of saliency comes closer to explain the effect of increased attention based on 
size increments. Objects that are salient attract attention and suggest a greater interest to the 
observer (Parkhurst, Law, & Niebur, 2002). Based on the presented theory, surface size is seen as a 
dimension of saliency (Pieters, et al., 2007). This would mean that size increments of an object 
affect attention because the object becomes more salient but not due to the size increment in itself. 
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Indeed, a correlation exists between size and saliency. Nonetheless, the presented results show that 
size cannot be seen as a property of saliency but is a measure on its own showing consistently 
stronger effect sizes than saliency. Interestingly though, the correlation of saliency with fixation 
data was stronger than that of competition for attention. This confirms the potential of saliency to 
attract attention, yet to a lesser extent than size. This is supported by the significant interaction 
effect of size and saliency found in (Orquin, et al., 2012). It is reasonable to assume that a salient 
target will gain more attention from size increments than a non-salient object; however the driver 
for this effect remains surface size in itself. The theory of size as function of saliency must therefore 
be rejected.  

The models of competition for attention incorporate set size and distance features of surrounding 
objects in order to explain the effect of size increments on attention. Janiszewski’s (1998) model 
predicts that an object that is faced with a high degree in competition for attention will receive less 
attention. Our data revealed weak or non-significant relations going in the opposite direction than 
that predicted by the model. The data clearly shows that other models are better suited to account 
for the observations. 

The model of attentional demand (Ai) refines the model of competition for attention as it 
accounts for object signal-strength as a function of visual acuity loss relative to the fixated object. 
In addition, this model delivers clear predictions as to how much attention each object will receive 
relative to all other objects in the visual scene. This also means that the more objects there are in a 
visual scene, the less attention each object receives. Furthermore, an increase in size of the fixated 
object will result in increased attention for this object relative to the competition of attention 
imposed from all other objects. As described above, the increase in attention is predicted to be 
shaped as a logarithmic function. The correlations with our attention data were significant and 
pointed in the expected direction. However, size as a measure on its own was stronger correlated 
with attention data, showing that this model does not contribute to explaining size effects on 
attention. 

As discussed before, the underlying assumptions of the models of competition for attention were 
not robust when related to findings from the literature. A closer relationship with the data was 
expected when the assumption of equal distribution of attention in the visual scene was replaced by 
the assumption of a central fixation bias. The model of demand for attention (DAi) is much simpler 
than the models of competition for attention as it only consists of the target object’s size and 
distance to the center relative to the sum of demand for attention from the other objects in the visual 
scene. Increasing the target object’s size was predicted to result in a logarithmic increase of 
attention towards that object. Objects which were closer to the center would gain more from size 
increments than others. The correlations between our fixation data and demand for attention 
resulted in substantially stronger correlations than all other measures. Consequently, the model of 
demand for attention performed better than pure surface size measures. This supports the idea that 
size effects depend on other factors as well such as set size and position. Our model of demand for 
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attention predicts that fixations are equally distributed when objects are equal in size and distance. 
However, increasing the size of one object, leaving distances equal, should result in more fixations 
for the larger object. This prediction is in line with previously mentioned findings that crowding 
effects are dependent on size effects (Kooi, et al., 1994; Levi & Carney, 2009; Nazir, 1992). In 
support of our model, demand for attention without visual acuity loss (DAno_acuity) performed better 
than the other competition for attention measures, saliency and distance to the center. Still, this 
measure was considerably weaker correlated with fixation measures than DAi and surface size. A 
potential explanation for robust the performance of DAno_acuity could be the strong effect of the 
central bias assumption since it is the major difference between demand for attention and the 
competition for attention models. If this is true, then measuring distance from the target object to 
the center and to all other objects is one of the major features that need to be taken into account 
when explaining size effects.  

Based on our findings, size effects on attention can be explained by an object’s signal-strength 
which is a function of visual acuity loss and distance to the center. Increased signal-strength serves 
as a proxy for visual attention. When observing a visual scene, the center will be the focal point of 
attention. Surrounding objects compete for attention with less signal-strength the further they are 
away from the center. Increasing object size according to the acuity loss function however will 
compensate for the distance to the center and enhance visual perception of peripheral stimuli. The 
theoretical model assumes that shifting the position of a stimulus closer to the center, results in an 
increase in signal-strength but to a lesser degree than increasing size. Transferring these results to 
visual advertising research, it means that for an improved layout design, the important information 
could be systematically arranged based on the signal-strength of each element. It needs to be 
considered that size and position of all elements on advertisement influence each other in terms of 
how much attention each object will gain. Increasing size of an object increases its signal-strength 
but imposes competition for attention on other elements. Being located as close to the center as 
possible enhances signal-strength but is also dependent on the location and size of other objects in 
an advertisement. The model of demand for attention that we suggest could serve as a systematic 
approximation to optimize advertising layout in practice which could improve sales through more 
efficient attention allocation. Implementing object signal-strength as a function of visual acuity loss 
and distance to the center is a refinement of the model of competition for attention (Janiszewski, 
1998) which contributes to understand surface size effects on attention. Nevertheless, the 
magnitudes of correlations show that our model can be further improved by other factors involved 
that contribute to explain size effects on attention. Future research could improve the incorporation 
of set size in the model. As of now, the model relaxes the assumption of all objects being fixated 
equally but still does not systematically account for objects not receiving any attention at all. 
However with an increasing number of objects, it is possible that size increments cannot 
compensate for distractor quantity. Overall it can be concluded that size effects on attention depend 
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on their surroundings and can be more effectively predicted when visual acuity loss and distance to 
the center are accounted for in the model. 
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ABSTRACT 
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environmentally labelled food staples, potatoes and ground beef. Data from online choice 
experiments conducted in Canada and Germany are analyzed through latent class choice modelling 
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country under investigation, high subjective and objective knowledge levels drive environmentally 
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INTRODUCTION 

Many dimensions of sustainability are relevant for socio-economic policy making related to 
ecological issues, including the economic, societal and environmental pillars (Krajnc & Glavič, 
2005; Seghezzo, 2009). In this regard, consumers are mainly concerned with favorable economic 
outcomes and the environment, i.e., environmental sustainability (Choi & Ng, 2011). Given 
personal and environmental consequences of choosing sustainable products (e.g., IPCC, 2007), it is 
important for society and policy makers to better understand reasons underlying environmentally 
responsible consumer behavior. For example, recent research shows that many consumers are 
displaying an increasing awareness of and preferences for environmental sustainability, as well as 
an increased willingness to pay for socially and environmentally responsible products (Tully & 
Winer, 2014). Nevertheless, research is lacking as to what drives such preferences and willingness 
to pay. In other words, better understanding of the drivers of consumer choices associated with 
environmentally labelled products is needed. This paper aims to analyze the role of consumer 
knowledge (objective, subjective, and usage experience) regarding environmentally sustainable 
behavior, providing evidence from latent class analysis of preferences towards selected 
sustainability labelled food products, based on investigations in Canada and Germany. 

Sustainability food labels have mainly been developed around the ecological footprint concept of 
Rees (1992) that includes both the amount of CO2 created (carbon emission) and water used during 
production, processing, storage, packaging and distribution. The footprint concept provides an 
intuitive framework for understanding the ecological bottom-line of sustainability (Rees & 
Wackernagel, 1996; Wackernagel & Rees, 1997). A rapidly expanding literature has provided water 
and carbon footprint assessments with corresponding consumer and producer perspectives (e.g.,  
Chapagain, Hoekstra, Aldaya, & Mekonnen, 2011; Finkbeiner, 2009; Grunert, Hieke, & Wills, 
2014). 

To date, a number of countries and retailers have established pilot projects in support of the 
reduction of carbon emissions by providing information through product labelling. The first 
footprint labels were introduced in 2007 in the UK (Economist, 2011), followed by the introduction 
of the first carbon footprint label in food retailing by Tesco in 2009. Tesco cooperated with the 
Carbon Trust to implement the carbon footprint but discontinued labelling products in early 2012 
when it became clear that shoppers were unwilling to pay premiums for labelled products and 
competitors did not follow suit in labelling their products (Financial Times, 2012; Upham, Dendler, 
& Bleda, 2011).  Consequently, even though a majority of individuals were found to favor carbon 
labelling and agreed that this should be mandatory (72% of EU citizens) (Minx, 2007; Upham, et 
al., 2011), there are only a few footprint labels that have continued in the marketplace (e.g., Powers, 
2011; Stancich, 2011). 

Our research extends previous work (e.g., Grunert, et al., 2014; Grunert, Scholderer, & Rogeaux, 
2011; Mesías Díaz, Martínez‐Carrasco Pleite, Miguel Martínez Paz, & Gaspar García, 2012) by 
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accounting jointly for consumers’ subjective and objective sustainability knowledge as well as for 
usage experience (e.g., with regard to previous “green” purchases) in the context of food choices. 
Furthermore, our choice of products allows us to assess possible differences in consumer responses 
for two staple food products by analyzing consumers’ choices for ground beef and potatoes labeled 
for environmental sustainability, using the example of carbon and water footprints. We contribute to 
the literature of sustainable food choices by identifying consumer segments in North America 
(Canada) and Europe (Germany) regarding a variety of characteristics, such as membership in 
environmentally active groups. Finally, we extend single-region focused literature by accounting for 
differences in choice behavior across Europe and North America, thereby contributing to the 
literature that has focused on cross-cultural comparisons (Loose & Remaud, 2013). Specifically, the 
Canadian study was replicated with German consumers to assess possible regional differences. Our 
results show that it is important to use a segmenting approach to analyze choices. We include 
psychometric and demographic variables in latent class choice models, to identify meaningful 
differentiations between segments (Boxall & Adamowicz, 2002), and to provide novel insights on 
the underlying reasons for low self-reported experience, complementing previous conjoint-based 
analyses (Grunert, et al., 2014). 

From a marketing and policy perspective, we derive implications for information provision and 
suggest target groups that can be addressed through distinct marketing strategies. 

The remainder of the paper is structured as follows. The next section reviews relevant literature, 
followed by an outline of the methodological approach. Subsequently we present the estimation 
results and finish with a discussion and conclusions. 

LITERATURE 

Environmental sustainability labels 

The focus of our paper lies on environmental sustainability food labels considering in particular 
ecological footprints for carbon emission and water usage. Carbon emission and water usage are 
credence characteristics that can usually not be verified by the consumer at the point of purchase 
(Darby & Karni, 1973). One way to turn such credence quality attributes into search quality 
attributes (that can be perceived by consumers) is the use of environmental sustainability labels, 
which provide footprint information. However, there is a distinction between different labelling 
schemes. While consumers nowadays are relatively familiar with labels such as the nutrition facts 
panel, they are rather unfamiliar with the primary unit of carbon labelling, lacking commonplace 
experience that would enable them to contextualize CO2 equivalents (e.g., Hartikainen, Roininen, 
Katajajuuri, & Pulkkinen, 2014; Van Loo, Caputo, Nayga Jr, & Verbeke, 2014). The level of 
consumer awareness and understanding related to carbon labelling therefore more closely resembles 
that found in eco-labelling (e.g.,Teisl, 2003) or ethical labeling, rather than in nutritional labelling 
(Upham, et al., 2011). Interestingly, studies usually find a high degree of self-reported use of 
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nutrition labels but only a low observed use of nutrition labels (Grunert, Fernández-Celemín, Wills, 
Storcksdieck genannt Bonsmann, & Nureeva, 2010).With regard to environmental labels, 
consumers generally report not using them in the first place (Grunert, et al., 2014). This raises the 
question of whether labels carrying specific information, such as carbon and water footprints, could 
be an alternative to more general environmental labels in order to support sustainable consumer 
behavior. 

The literature on environmental sustainability labels has improved understanding of various 
different drivers that may lead consumers to choose such labels and corresponding products. 
Schumacher (2010) has shown that consumers’ stated preferences for eco-labelled goods increase 
with environmental consciousness and decrease with price-orientation. Some studies have linked 
individuals’ values to their preferences for footprint labeled foods (e.g.,Grebitus, Steiner, & 
Veeman, 2013; Grebitus, Steiner, & Veeman, 2015). Kempton (1991) demonstrates that consumers’ 
desire to preserve the environment for one’s descendants is a key concern to U.S. consumers when 
choosing products carrying eco-labels. However, knowledge levels and understanding of 
environmental labels have been found to be low, which could deter adoption of these labels when 
making food choices (Grunert, et al., 2014). To address this issue, we investigate consumer 
sustainability knowledge, namely subjective and objective knowledge as well as usage experience.  

Carbon and Water Footprint Labelling 

Consumer preferences for water usage footprints have been investigated for various products and 
markets, including global cotton consumption (Chapagain, Hoekstra, Savenije, & Gautam, 2006), 
coffee and tea (Chapagain & Hoekstra, 2007), pork (Galloway et al., 2007), tomatoes (Chapagain & 
Orr, 2009), as well as pasta sauce and candy (Ridoutt & Pfister, 2010), suggesting widespread 
interest in the application of this labelling concept. Research related to carbon labelling includes a 
food-based labelling survey of Japanese undergraduate students (Kimura et al., 2010), suggesting 
that willingness to pay is higher if information has to be obtained actively. Recent carbon label 
studies have been conducted on locally grown fresh apples, applying an equilibrium displacement 
model on US consumer responses to labels (Onozaka, Hu, & Thilmany, 2015), and a double 
bounded dichotomous choice analysis for fluid milk and bread in Chile (Echeverría, Moreira, 
Sepúlveda, & Wittwer, 2014). Closest to our analysis are two articles that focus on the power of 
human values to predict Canadians’ choices of unprocessed ground beef products labelled for 
environmental footprints (Grebitus, Steiner, et al., 2013), and Germans’ choices of potatoes labeled 
for environmental footprints related to human values and trust (Grebitus, et al., 2015). Although 
those articles also employ attribute-based choice experiments, they differ from this analysis in 
focusing on only one country and one product, while considering only individuals’ value orientation 
and trust, rather than focusing on the role of other psychometric variables and assessing groupings 
of consumers with similar preferences as consumer segments. Our focus on the two selected 
countries and staple foods was primarily motivated by our goal to analyze the robustness of our 
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predictions, irrespective of the cultural background of the respondents. Furthermore, in contrast to 
the previous studies, which conducted multinomial and mixed logit analyses, we use latent class 
analysis to identify distinct segment classes based on choice behavior and psychometric variables. 
The results can be used to infer recommendations for marketers to target potential customers and 
policy makers to develop socio-economic policies related to ecological issues.  

Consumer Knowledge 

We focus on consumer knowledge in this paper, assessing the relationship between preferences 
for environmental labeling and three aspects of consumer knowledge: subjective knowledge (i.e., 
what individuals think they know), objective knowledge (i.e., what is actually memorized) and 
usage experience (Brucks, 1985; Carlson, Vincent, Hardesty, & Bearden, 2009; Lee & Lee, 2009; 
Raju, Lonial, & Glynn Mangold, 1995).  

Previous work has shown that subjective knowledge affects the quality of consumers’ choices 
(e.g., Moorman, Diehl, Brinberg, & Kidwell, 2004). Consumers make an effort to achieve 
consistency between subjective and objective knowledge such that objective knowledge increases 
the likelihood that consumers will locate themselves close to stimuli consistent with their subjective 
knowledge (Moorman, et al., 2004). This leads to substantial correlation between both types of 
knowledge (Brucks, 1985; Raju, et al., 1995), although this was found to be stronger for products 
relative to non-products (e.g., financial or medical services) and public relative to private goods 
(Carlson, et al., 2009). Divergence between subjective and objective environmental knowledge has 
been observed, with subjective knowledge having more influence on actual environmental behavior 
(Aertsens, Mondelaers, Verbeke, Buysse, & Van Huylenbroeck, 2011; Ellen, 1994). In contrast, 
early adoption of new labels, such as carbon or water footprint labels, was attributed more to 
objective knowledge (Thøgersen, Haugaard, & Olesen, 2010), leading us to assess both types of 
knowledge in this study. Improving knowledge in general by educating consumers with regard to 
carbon footprint information was shown to increase intentions to purchase products with a lower 
carbon impact (Wikoff, Rainbolt, & Wakeland, 2012).  

The role of knowledge has also been assessed in the context of the nature of product attributes, 
distinguishing extrinsic (e.g., price) from intrinsic (e.g., functional) attributes, and was found to play 
a significant role in consumer decision making (Park & Lessig, 1981; Raju, et al., 1995; Rao & 
Monroe, 1988). Rao and Sieben (1992) have identified a U-shaped relationship between knowledge 
and extrinsic/intrinsic attributes, suggesting that with increasing levels of knowledge, importance of 
extrinsic attributes first decreases, then subsequently increases relative to intrinsic attributes. In the 
context of our analysis, we focus on consumers’ preferences for the key extrinsic attribute (price) 
relative to the attribute which is the major functional aspect of the products under consideration, 
namely their carbon and water footprint levels. Therefore we are most interested in benchmarking 
our findings with those of Rao and Sieben (1992), who find that low-knowledge consumers place a 
greater weight on extrinsic attributes relative to intrinsic ones, as well as with Raju et al. (1995), 
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who suggest that high-knowledge consumers may attend to both intrinsic and extrinsic attributes in 
a more balanced fashion than consumers with lower levels of knowledge.  

Previous work has also assessed the role of consumer knowledge in the context of usage 
experience, in particular, relative to consumers’ previous environmentally friendly behavior and the 
lifestyle characteristics associated with such behavior (e.g., Ellen, Wiener, & Cobb-Walgren, 1991; 
Thøgersen, et al., 2010). In particular, consumers who had previously purchased environmentally 
friendly products were observed to show a greater likelihood of choosing products with lower 
carbon and water footprints (Thøgersen, et al., 2010). Similarly, consumers who were members of 
environmentally active groups were found to be more likely to choose products with lower carbon 
and water footprints (e.g., Ellen, et al., 1991). Further, in their cluster analysis of a survey that asked 
U.S. respondents to recall a recent opportunity to purchase a green product, Gleim, Smith, Andrews 
and Cronin Jr (2013) found that one of the main barriers to green consumption is consumers’ lack 
of shopping expertise (perceived understanding about green products). 

Against this background, this study aims to assess the impact of these three types of knowledge 
on environmentally sustainable choices via four hypotheses:  

Our first hypothesis is that higher levels of subjective and objective knowledge increase the 
likelihood to choose products with lower carbon and water footprints, because both subjective and 
objective knowledge increase consumers’ ability to assess and select products (Moorman, et al., 
2004) .1   

To benchmark our work to previous analyses, our second hypothesis is that subjective and 
objective knowledge have a different effect on consumers’ decision making associated with 
footprint labeling. More specifically, our second hypothesis is that subjective knowledge is more 
important in driving environmentally sustainable choices than objective knowledge (Aertsens, et al., 
2011; Alba & Hutchinson, 1987; Moorman, et al., 2004).2   

Considering usage experience (Brucks, 1985; Raju, et al., 1995) regarding previous 
environmentally sustainable purchases (Thøgersen, et al., 2010) and membership in environmental 
groups (e.g., Ellen, et al., 1991), our third hypothesis is that consumers who are characterized by 
higher levels of such usage experience are more likely to choose products with lower carbon and 
water footprints (Ellen, et al., 1991; Thøgersen, et al., 2010). 

Benchmarking our analysis to Raju et al. (1995), our fourth hypothesis is that high-knowledge 
consumers weigh intrinsic and extrinsic attributes more evenly than consumers with lower 
knowledge levels. 

1 The authors argue that subjective knowledge can influence decision making by increasing the likelihood that 
consumers will search in locations consistent with subjective knowledge (Moorman, et al., 2004). 

2 Moorman et al. (2004, p. 674) suggest that it is not necessary to have objective knowledge to act consistently. 
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METHODS 

Sample description 

This study applies data from two online surveys—Grebitus et al. (2013) and Grebitus et al. 
(2015) have used these surveys in the past—one conducted in Canada between December 2010 and 
February 2011 and a second similar survey applied in Germany between December 2011 and 
January 2012. Our aim was to compare responses from North America to responses from Europe. 
While both, Canada and Germany, are developed countries, they differ in features of their economic 
structure, history and culture. Germany, the largest economy in Europe in GDP terms, is a major 
exporter of finished and industrial goods, with much less dependence on fossil fuel use domestically 
than Canada, which has a smaller population, a larger land base, and a high dependence on the 
export of raw materials and fossil-fuel based energy. In this paper, we use the data of a set of 
questions that asked respondents to indicate their knowledge and usage experience relative to 
environmental issues and products, and related this to respondents’ choices of two staple food 
products. These staple products, namely ground beef and potatoes, were chosen since there are 
considerable differences in carbon emissions and water usage between different groups of food such 
as meats and vegetable produce. 

The survey was pretested with an initial focus group comprised of 14 randomly recruited adult 
members of the public in Edmonton, Canada. Data were subsequently collected by an international 
marketing company. This company was responsible for sample recruitment in both countries and 
charged with collection of a reasonably representative sample of adult grocery buyer respondents in 
each case. Surveys were completed by n=1551 participants in Canada and n=1579 participants in 
Germany. An overview of the demographic characteristics of the two samples is provided in Table 
1. The share of female participants is 52% in the Canadian sample and 55% in the German sample.
On average, Canadian respondents were 48 years old and the average age of German participants
was 45 years, relative to an average age of 41 years for the total Canadian population, indicated by
the 2011 Census of Canada (Statistics Canada, 2011) and an average of 44 years from the 2011
German Census (Statistisches Bundesamt, 2014). Household size ranged from 1 to 9 individuals in
Canada (Mean=2.5) and from 1 to 7 individuals in Germany (Mean=2.2), which compares to a
mean census household size of 2 in both countries (Statistics Canada, 2011). In both countries at
least one child was present in approximately 20% of the households in the sample. Roughly one
third of respondents in both the Canadian and German samples held a university degree.
Consequently the Canadian sample is slightly more highly educated than the total Canadian
population: in 2011 some 26% of Canadian adults aged 25 to 65 held a university degree, according
to Canada’s National Household survey (Statistics Canada, 2015a, 2015b). The German sample is
also slightly better educated than the German population (German statistical office year 2005).
Average annual household income before taxes reported for respondents was CAD $42,500
(Canada) or 28,000 Euros (Germany), whereas the respective 2012 census gross household income
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in Germany is 3,989 Euro/month (Destatis, 2015) and the median after-tax household income for all 
households was CAD $47,100 in 2010 (Statistics Canada, 2011). 

Socio-demographic characteristics of the two samples Table 1  
Canada Germany 

n 1551 1579 
Female 52 % 55 % 
Age groups 

18-24 5.8 % 4.9 % 
25-34 16.8 % 20.9 % 
35-44 18.3 % 24.8 % 
45-54 23.9 % 25.2 % 
55-64 23.4 % 17.3 % 
65-74 9.5 % 6.0 % 

>74 2.2 % 0.9 % 
Education* 

Volks-/Hauptschule (low school education) N/A 13.8 % 
Mittlere Reife (modest school education) N/A 31.3 % 

High School Diploma (Germany: University entrance 
diploma, i.e., high school education) 22 % 21.5 % 

University degree N/A 29.4 % 
Some college 22 % N/A 

Technical School Diploma 17 % N/A 
Bachelor’s Degree 24 % N/A 

Master’s Degree 7 % N/A 
Doctorate 1 % N/A 

Other 7 % N/A 
Mean household size 2.5 2.2 
Households with at least one child under 12 years of age 20.1 % 18.9 % 
Average annual household income  € 30,4213 € 28,000 
Note: *Germany and Canada differ in their education systems. Therefore, education levels were measured based on 

country specifications. 

Choice experiments 

In the following empirical analysis, we use data from attribute-based choice experiments 
(Louviere, Hensher, Swait, & Adamowicz, 2000). By presenting respondents with a set of product 
choice alternatives, described in terms of product attributes, the preferred product choices allow 
attribute preferences to be revealed without directly asking participants about their subjective 
valuation of specific product attributes. This approach reduces social desirability bias (Norwood & 
Lusk, 2011), which can be expected to be an issue in investigations of green consumer behavior, 
given increasing societal awareness of this topic. Since there are considerable differences in carbon 
emissions and water usage between different groups of food such as meats and produce, we 
consider two staple foods, ground beef and potatoes. In the choice experiments, participants could 
choose between different product options described by combinations of three attributes, price, 

3 We assume an exchange rate of 0.7158 CAD/Euro. 
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carbon emission equivalents and water usage. Each attribute has three levels (Table 2) which were 
randomly varied among the choices presented to participants. The figures that are presented as 
carbon emission equivalents and water usage measures are based on estimates from previous 
research (see e.g., Chapagain & Hoekstra, 2004). To identify the prices used in the experiment we 
collected actual market prices for ground beef and potatoes at different grocery stores in a major 
city in each of the two countries chosen for the study (Edmonton, Canada and Bonn, Germany). 
Based on these observations we identified price levels based on an assessment of the mean price, in 
addition to plus and minus one standard deviation (see e.g.,Grebitus, Jensen, Roosen, & Sebranek, 
2013).4

Design of Choice Experiments (prices in Euro for Germany and in CAD $ for Canada) Table 2  

Product Quantity Price Carbon 
emission 

Water 
usage 

Categorical 
level 

Levels 

Ground 
beef 

1 kg 5.19 € 
6.11 € 
7.02 € 

/CAD$ 6.75 
/CAD$ 7.95 
/CAD$ 9.14 

19.49 kg 
22.93 kg 
26.37 kg 

13175 l 
15500 l 
17825 l 

Low 
Medium 

High 

Potatoes 1 kg 0.72 € 
0.85 € 
0.98 € 

/CAD$ 1.63 
/CAD$ 1.92 
/CAD$ 2.20 

0.51 kg 
0.60 kg 
0.69 kg 

173.66 l 
204.30 l 
234.95 l 

Low 
Medium 

High 

A random parameter panel efficient design with 20 choice sets was generated using Ngene 
software (Choice Metrics, 2014). We used a block design with 10 blocks containing two choice sets 
each to avoid fatigue effects, where a given respondent was randomly assigned to one block for 
each product category.5 Each choice set consisted of three alternatives: alternative A, alternative B 
and the “no choice” option of choosing “None of These” (allowing opting-out). The order of 
presentation and allocation to respondents of the various choice sets was randomized. Figure 1 
presents an example choice set. 

4 It should be noted that the point of sale prices we collected were for products that were not labelled for water usage or 
carbon emission equivalents. 

5 Since this study was part of a larger project, there were four product categories in total. Here, we report results on 
ground beef and potatoes; two product categories tested (a household essential and dairy) are not reported on. 
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Figure 1  Example choice set in the Canadian survey  
Imagine you are in your usual grocery store and you would like to purchase 1 kg of ground 
beef you usually buy: Do you choose Alternative A, Alternative B or Alternative C? 
1 kg of ground beef Alternative A Alternative B Alternative C 
Carbon (CO2) 
emission equivalents 

22.93 kg 26.37 kg 

None of these Water usage 13175.00 l 13175.00 l 
Price 6.75 CAD $ 9.14 CAD $ 
I would choose: 

In line with similar work (e.g., Grebitus, Lusk, & Nayga Jr, 2013), carbon emission and water 
usage were described prior to the choice experiments to provide a common definition of the 
concepts:  

“Carbon emission equivalents are the amount of Carbon Dioxide (CO2) created by the grocery 
product and refer to greenhouse gas emissions over the whole life of a product. [For example, from 
the time an apple was grown and picked from a tree until its presentation at the point of sale, e.g., 
in a supermarket]. The lower the emissions, the better for the environment.” 

“Water usage refers to the water used to produce, store and distribute a grocery product. [For 
example, the water used in the orchard to grow an apple until it is picked from a tree and then until 
its presentation at the point of sale, e.g., in a supermarket]. The lower the water usage, the better 
for the environment.” 

Knowledge assessment 

To assess respondents’ subjective knowledge, questions were asked on how well informed 
respondents considered themselves to be about various ways to reduce greenhouse gas emissions, 
climate friendly food production, and carbon footprint in production, as well as water usage in 
production, prior to the experiment. Each item was rated on a scale ranging from 1 = no knowledge, 
to 5 = very knowledgeable, similar to Grebitus, Jensen, Roosen and Sebranek (2013). These values 
were averaged for each participant to create a “subjective knowledge index” intended to measure 
subjectively perceived knowledge (e.g., Flynn & Goldsmith, 1999).  

To assess objective knowledge, participants were asked, after completion of the choice 
experiments, to indicate the extent of their agreement with four statements about climate friendly 
production, water usage and carbon footprint, using a scale ranging from 1 = do not agree, to 
5 = fully agree. Responses were re-coded and averaged for each participant to create an “objective 
knowledge index”. Table 3 displays the statement items used in the questionnaire.  
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We separated the assessment of subjective and objective knowledge in order to prevent carryover 
effects between the two concepts. Subjective knowledge was, therefore, assessed in the earliest part 
of the survey, while objective knowledge was assessed upon completion of the choice task as part 
of a general questionnaire component about knowledge and lifestyle factors. The statements to 
assess objective knowledge were developed to not closely resemble the definitions, so as to prevent 
simple recall of the definitions. Instead, the items were designed to require some transfer of 
knowledge, so that these could only be answered correctly if the concept was understood. 

Statements used to assess objective knowledge about climate friendly production Table 3  
1. Climate friendly products are those products that are low in water usage.
2. Carbon footprint and ecological footprint are the same.
3. A carbon footprint measures the amount of CO2 emitted in producing,

distributing and marketing the product.
4. Climate friendly products are those products that are high in carbon emissions

Note: Items were rated on a 5-point scale, where 1 = do not agree and 5 = fully agree. Items 2 and 4 were reversed to 
calculate the index. 

To assess usage experience, we explored whether participants pursue climate friendly shopping 
behavior by asking whether they had purchased any climate friendly grocery products in the last 
four weeks. In addition, we controlled for whether or not the respondent was a member of a group 
that supports the environment. 

Latent class choice analysis 

Latent class models draw on the assumption of finite mixture modelling, i.e., instead of assuming 
one homogeneous population, it is assumed that a mixture of unobserved segments exists in a 
population (e.g.,Wedel & Kamakura, 2000). These segments are characterized by segment-specific 
sets of identifiable parameters. In latent class choice experiments it is assumed that the utility an 
individual derives from a certain attribute is not individual-specific but depends on the 
unobservable class membership to one of q = 1,2…Q latent classes. The probability of class 
membership q depends on individual i choosing alternative j at time t, which consists of a certain set 
of observable attributes x’ (Greene & Hensher, 2003):   

(1) 𝐼𝐼𝑃𝑃𝐿𝐿𝑃𝑃𝑗𝑗𝑖𝑖𝑖𝑖|𝑞𝑞 = exp (𝑥𝑥′𝑖𝑖𝑖𝑖,𝑗𝑗𝛽𝛽𝑞𝑞)

∑ exp (𝑥𝑥′𝑖𝑖𝑖𝑖,𝑗𝑗𝛽𝛽𝑞𝑞) 𝐽𝐽𝑖𝑖
𝑗𝑗=1

It is assumed that there exist a total of Q latent preference classes, which results in the overall 
log-likelihood:  

(2) 𝑙𝑙𝐷𝐷𝐿𝐿 = ∑ 𝑙𝑙𝐷𝐷�∑ 𝐶𝐶𝑖𝑖𝑞𝑞�∏ 𝐼𝐼𝑃𝑃𝐿𝐿𝑃𝑃𝑗𝑗𝑖𝑖𝑖𝑖|𝑞𝑞
𝑇𝑇𝑖𝑖
𝑖𝑖 �𝑄𝑄

𝑞𝑞=1 �𝑁𝑁
𝑖𝑖=1  

with Ciq being the probability that individual i belongs to class q. While this allows segmenting a 
population based on the observed response pattern, these classes are not informative as to why the 
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utility derived from the given attributes differs. In order to describe the latent classes with the 
consumer characteristics of interest, we follow the approach described by Boxall and Adamowicz 
(2002) to incorporate relevant psychometric constructs and socio-demographic characteristics to 
explain segment membership.  

All product attributes entered the model as effects coded variables. Due to the different scaling 
of the environmental attributes and to ensure comparability of the price level between countries we 
opted for categorical variables instead of linear effects. The underlying utility function we assume is 
as follows: 

(3) Uijt|q = βCO2|q CO2ijt + βH2O|q H2Oijt + βp|q Pijt + Ɛijt|q ,

where CO2 is the level of carbon emission, H2O is the level of water usage and P denotes the 
price level; Ɛ is the error term and subscripts follow the definitions above. 

EMPIRICAL RESULTS 

Descriptive statistics 

Table 4 provides descriptive statistics for the postulated independent variables included in the 
analysis. It is evident that both Canadian and German participants tend to view themselves as 
moderately knowledgeable (subjective knowledge). Participants’ objective knowledge ranges 
around a value of 3.5, also indicating a moderate objective knowledge level. 6  The measured 
constructs were only mildly correlated, with a significant Pearson correlation coefficient of r = .11 
for Germany and r = .17 for Canada. Regarding usage experience, the percentage of respondents 
who claim to buy climate friendly products is twice as high in Germany, with 35 % of the total, 
compared to 17% in Canada. An opposite tendency is observed regarding membership in an 
environmental group. Only 8 % of the German respondents reported being a member, while such 
membership was reported for 12 % of the Canadian sample. 

Descriptive statistics of relevant consumer characteristics Table 4  

Canada (n=1552) Germany (n=1579) 
Index: subjective knowledge7 Mean (SD) 2.46 (0.90) 2.54 (0.86) 
Index: objective knowledge8 Mean (SD) 3.59 (0.52) 3.53 (0.55) 
Shop climate friendly % yes 17 35 
Member of environmental group % yes 12 8 

6 Since we provided information regarding the meaning of high and low carbon emission and water usage, respectively, 
this figure might be higher than had respondents not received such information.  

7 The Cronbach’s alpha for the Canadian sample was 0.89, and for the German sample it was 0.86.  
8 We do not apply and report Cronbach’s alpha values for objective knowledge because it is a formative, not reflective 

construct 
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Econometric results 

All models were estimated using Latent Gold Choice 4.5 software. An aggregate multinomial 
logit (MNL) model was estimated to serve as a reference model for each country and product 
category. As shown in Table 5, all choice attributes of the model – price, carbon and water footprint 
– were significant, suggesting that each was relevant in the decision process. Inclusion of the no
choice option in the model improved model fit substantially in all models. 9 Relative attribute
importance was included as measure of the importance of an attribute in the respondent’s decision.
It is calculated as the ratio of the utility of an attribute to the sum of the utility of all attributes
(Kallas, Realini, & Gil, 2014; Vermunt & Magidson, 2005). It therefore follows that attributes with
a high coefficient will have a higher relative attribute importance. For the no choice option, this
could result in a higher attribute importance relative to the other available choices, even if the no
choice option was not chosen, or in other words if participants derived utility from not choosing the
no choice option. The ratio was highest for price, which explained 27 % to 47 % of variance in
respondents’ choices. Carbon emissions explained between 12 % and 23 %. Water usage explained
24% to 30 % of variance for both countries. The no choice option was of almost no relevance for
German respondents’ stated ground beef choices, but explained about 25 % of the variance of stated
choices for potatoes in both countries.

General results of latent class modelling 
To benchmark findings across the two countries, in this section we describe the results for the 

Canadian sample in more detail and refer to the German sample only where results deviated. 
Empirical results of the latent class modelling are presented in Table 6 for the Canadian sample and 
Table 7 for the German sample. In addition, Figure 2 summarizes the relative importance of 
attributes for each of the product categories and countries. 

9 The no choice option was chosen in 18 % of the ground beef and 7 % of the potato choices in the Canadian sample, 
and in 26 % of the ground beef and 9% of the potato choices in the German sample. 
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Table 5  Aggregated MNL choice models for both countries and product categories 
Canada Germany 

Model for Choices Ground beef Potato Ground beef Potato 
Pseudo-R² 0.21 0.29 0.14 0.21 

n 1552 1552 1579 1579 
Attributes Class1 Wald Importance Class1 Wald Importance Class1 Wald Importance Class1 Wald Importance 
CO2 Low  0.52*** 155.33*** 18% 0.49*** 123.58*** 12%  0.57*** 195.95*** 23% 0.64*** 245.67*** 19% 

Medium -0.17*** -0.18*** -0.18*** -0.19***

High -0.35*** -0.31*** -0.39*** -0.45***

H2O Low  0.69*** 176.67*** 24% 1.05*** 366.98*** 29% 0.73*** 217.44*** 30% 1.04*** 369.37*** 28% 
Medium -0.19*** -0.16*** -0.24*** -0.45***

High -0.50*** -0.88*** -0.50*** -0.59***

Price Low  1.24*** 720.97*** 47% 1.28*** 716.36*** 36%  1.03*** 537.53*** 43% 0.85*** 414.56*** 27% 
Medium -0.10* -0.17*** -0.23*** -0.15***

High -1.13*** -1.12*** -0.79*** -0.70***

No choice option -0.28*** 128.47*** 11% -0.81*** 528.66*** 23% -0.08***  13.90*** 4% -0.77*** 549.34*** 26% 
LL = -2689.57, AIC(LL) = 5393.15, 
AIC(LL)/N = 3.48, BIC(LL) = 4727.23, 
BIC(LL)/N = 3.05 

LL = -2226.28, AIC(LL) = 4466.56, 
AIC(LL)/N = 2.88, BIC(LL) = 4503.99, 
BIC(LL)/N = 2.90 

LL = -3022.02, AIC(LL) = 6058.05, 
AIC(LL)/N = 3.84, BIC(LL) = 6095.60, 
BIC(LL)/N = 3.86 

LL = -2474.37, AIC(LL) = 4962.75, 
AIC(LL)/N = 3.14, BIC(LL) = 5000.3, 
BIC(LL)/N = 3.17 

Note: *p<0.05; **p<0.01; ***p<0.001 
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Table 6  Latent class models for both product categories, Canadian sample 
Model for Choices Ground beef Potato 

Class1 Class2 Class3 Class4 Overall Class1 Class2 Class3 Class4 Overall 

Price 
sensitive 

Open to 
environment

alism 

Avid 
environmentalist 

Low 
knowledge 

Price 
sensitive 

Avid 
environmentalist 

Open to 
environment

alism 

Low 
knowledge 

Absolute size 869 264 248 171 1552 931 404 140 78 1552 
Relative size 56% 17% 16% 11% 60% 26% 9% 5% 

R² 0.68 0.06 0.49 0.36 0.75 0.74 0.54 0.06 0.55 0.77 
Attributes Class1 Class2 Class3 Class4 Wald Class1 Class2 Class3 Class4 Wald 
CO2 Low 1.47*** 4.19*** 1.61*** -1.05*** 136.30*** 0.75*** 1.51*** 0.36*** 0.31*** 101.27*** 

Medium -0.33*** 0.26*** -0.16*** 0.39*** 2.23*** -0.25*** 0.30*** -2.01***

High -1.14*** -4.45*** -1.45*** 0.66*** -2.98*** -1.27*** -0.67*** 1.70*** 
H2O Low 2.19*** 3.45*** 0.83*** -0.31*** 114.06*** 3.96*** 2.85*** 0.18*** -2.31*** 73.52*** 

Medium -0.14*** -1.34*** -0.43*** 0.55*** 0.07*** -0.31*** 0.44*** 0.18*** 
High -2.04*** -2.11*** -0.40*** -0.24*** -4.03*** -2.54*** -.62*** 2.13*** 

Price Low 4.21*** 1.51*** 1.05*** 156.64*** 7.65*** 0.67*** 0.60*** -1.10*** 33.86*** 
Medium -0.60*** 1.61*** -0.03*** -0.37*** 0.20*** 0.26*** -2.22***

High -3.60*** -3.12*** -1.02*** -7.28*** -0.87*** -0.86*** 3.33*** 
No choice option -1.16*** 3.32*** -2.09*** -0.78*** 193.95*** -2.54*** -3.49*** 1.07*** -4.49*** 139.12***

Model for Classes 
Intercept -1.44*** -1.43*** -2.63*** 5.49*** 21.12*** 0.48*** -2.66*** -0.25*** 2.43*** 17.24*** 
Index: subjective knowledge -0.21*** 0.11*** 0.12*** -0.02*** 12.62*** -0.22*** 0.10*** 0.09*** 0.02*** 11.22*** 
Index: objective knowledge 0.79*** 0.31*** 0.66*** -1.77*** 32.46*** 0.37*** 0.90*** -0.14*** -1.13*** 30.06*** 
Female -0.10*** 0.08*** 0.04*** -0.02*** 5.50*** -0.06*** 0.33*** 0.15*** -0.43*** 20.87*** 
Shop climate friendly -0.42*** -0.13*** 0.30*** 0.25*** 20.00*** -0.26*** 0.23*** -0.27*** 0.30*** 23.28*** 
Member environmental group 0.00*** 0.09*** 0.07*** -0.15*** 1.08*** 0.03*** 0.20*** 0.16*** -0.38*** 3.15*** 

LL = -2169.48, AIC(LL) = 4426.97, AIC(LL)/N = 2.85, 
BIC(LL) = 4662.25, BIC(LL)/N = 3.00, pseudo-R2 = 0.75 

LL = -1832.22, AIC(LL) = 3829.87, AIC(LL)/N = 2.47, 
BIC(LL) = 4002.41, BIC(LL)/N = 2.58, pseudo-R2 = 0.73 

Note: *p<0.05; **p<0.01; ***p<0.001. Classes are ordered by size, not by name. 



EMPIRICAL RESULTS 

118 

Table 7  Latent class models for both product categories, German sample 
Model for Choices Ground beef Potato 

Class1 Class2 Class3 Class4 Overall Class1 Class2 Class3 Class4 Overall 

Price 
sensitive 

Open to 
environment

alism 

Avid 
environmentalist 

Low 
knowledge 

Price 
sensitive 

Avid 
environmentalist 

Low 
knowledge 

Open to 
environment

alism 
Absolute size 711 426 332 111 1579 632 568 253 126 1579 
Relative size 45% 27% 21% 7% 40% 36% 16% 8% 

R² 0.64 0.06 0.53 0.65 0.75 0.78 0.67 0.05 0.07 0.70 
Attributes Class1 Class2 Class3 Class4 Wald Class1 Class2 Class3b Class4 Wald 
CO2 Low 1.30*** 1.19*** 1.78*** -2.77*** 185.64*** 0.77*** 2.78*** 1.18*** 65.64*** 

Medium -0.27*** -0.13*** -0.33*** 1.28*** 3.20*** -0.18*** -0.06*** 
High -1.03*** -1.06*** -1.45*** 1.49*** -3.97*** -2.60*** -1.12*** 

H2Oa Low 1.70*** 170.41*** 4.25*** 4.86*** 1.52*** 71.51*** 
Medium -0.20*** -1.40*** -0.95*** -1.20*** 

High -1.51*** -2.86*** -3.91*** -0.32*** 
Price Low 3.64*** 0.91*** 0.97*** 210.37*** 7.78*** 0.24*** 0.28*** 0.22*** 55.97*** 

Medium -0.61*** 0.30*** 0.85*** 0.61*** 1.33*** -0.53*** 0.76*** 
High -3.02*** -1.21*** -1.82*** -8.39*** -1.57*** 0.24*** -0.98***

No choice option -1.05*** 1.72*** -1.44*** -3.84*** 621.45*** -3.11*** -5.92*** -0.78*** 1.43*** 114.66***

Model for Classes 
Intercept -0.36*** 0.42*** -1.67*** 1.61*** 10.90** -0.41*** -1.72*** 3.06*** -0.93*** 16.23*** 
Index: subjective knowledge -0.11*** -0.10*** -0.02*** 0.22*** 2.89*** -0.17*** -0.02*** 0.22*** -0.03*** 6.83*** 
Index: objective knowledge 0.33*** 0.08*** 0.51*** -0.92*** 16.30*** 0.35*** 0.64*** -1.09*** 0.11*** 32.30*** 
Female -0.07*** 0.10*** 0.19*** -0.21*** 10.69*** -0.20*** 0.10*** 0.07*** 0.03*** 11.35*** 
Shop climate friendly -0.39*** -0.12*** 0.37*** 0.15*** 43.86*** -0.38*** 0.51*** -0.04*** -0.09*** 61.82*** 
Member environmental group -0.23*** 0.06*** -0.10*** 0.27*** 5.24*** -0.15*** -0.26*** 0.18*** 0.23*** 8.89*** 

LL = -2458.76, AIC(LL) = 4993.51, AIC(LL)/N =  3.16, 
BIC(LL) = 5197.368, BIC(LL)/N =  3.280, pseudo-R2 = 0.75 

LL = -2058.90, AIC(LL) = 4201.80, AIC(LL)/N = 2.66, 
BIC(LL) = 4427.11, BIC(LL)/N = 2.80, pseudo-R2 = 0.70 

Note: *p<0.05; **p<0.01; ***p<0.001; Classes are ordered by size, not by name. 
a Coefficients for H2O were restricted to be equal across segments for ground beef; b Coefficients for CO2 and H2O were restricted to 0 for Class 3 for potatoes 
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Relative importance of attributes for each of the product categories and countries Figure 2  

Note: Relative class sizes are displayed in parentheses following the class name. Classes are ordered by size, not by name. 
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For both samples and products, a four-class model fitted the data best in terms of model selection 
criteria and fit statistics (Table 6 & 7). In the case of ground beef, for the Canadian sample, there 
were no significant differences between attribute levels for price in class 3, leading us to constrain 
these parameters to zero. This reduced the BIC value from 4672.62 to 4662.25 and increased the 
pseudo from R2 0.74 to 0.75. The model of potato choices did not have to be further constrained for 
the Canadian sample. For the German sample, the coefficients for water usage in the ground beef 
model did not differ between classes, so we constrained these to be equal in order to improve model 
fit from a BIC of 5242.34 to 5197.37. For class 3 potato choices, there were no significant 
differences for the attribute levels of the two environmental attributes, consequently these 
coefficients were constrained to zero, reducing the BIC from 4466.04 to 4427.11.  

Overall, latent class modelling improved model fit for both product categories and countries 
relative to the baseline MNL models. For all non-constrained attribute levels, the Wald statistic 
confirmed significant differences both between attribute levels as well as between latent classes. As 
can be seen from Table 6 and Table 7, participants overall preferred low prices and low values of 
the environmental attributes. In the following we first describe results for ground beef choices and 
then for potato choices. In both cases we describe results for Canada in-depth and then point out 
similarities and differences between Canada and Germany. 

Ground beef choices 
For ground beef, the largest class comprised 56 % of respondents, which we label the “price 

sensitive class”. Members of this class 1 derived the highest utility from the lowest price level and 
disutility from the two higher price levels. Participants in this class were more likely to report 
feeling less knowledgeable, compared to the other classes, as indicated by the negative coefficient 
of the subjective knowledge index. However, they were more likely to score high on the objective 
knowledge questions as indicated by the significant positive coefficient of the objective knowledge 
index. These consumers also preferred the environmentally friendlier option, lending support to 
hypothesis one that knowledge increases green choices as primarily indicated by the positive 
coefficient for objective knowledge. However, low prices were even more important for participants 
in this class, suggesting that a high level of objective knowledge is not sufficient to buy green 
products irrespective of price. The negative coefficient on subjective knowledge lends support to 
hypothesis two indicating that subjective knowledge is more important for behavior than objective 
knowledge. Unsurprisingly, participants in this price-sensitive class were less likely to state that 
they had bought climate friendly products in the last four weeks, thus scoring low on usage 
experience. Male respondents were slightly overrepresented in class 1.  

Table 6 shows further that the second largest class (17 % of respondents) derived highest utility 
from the lowest levels of environmental attributes and preferred other attributes and attribute-level 
combinations (the “no choice” option). Members of class 2 were more likely to derive disutility 
from the highest price level, but were indifferent towards the two lower price levels, indicating 
members of this group are less price sensitive than those in the first segment. This segment could be 
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described as “open to environmentalism”, since they score high on the objective knowledge index, 
relative to the two remaining segments, were less price sensitive and gained utility from low 
footprint levels.  

The third largest class, accounting for 16 % of the sample, could be considered as “avid 
environmentalist.” Class 3 members derived high utility from the lowest levels of the environmental 
attributes of carbon and water use, and prices did not play a significant role in their stated choices 
for the beef product. Members of this class were more likely to claim to have shopped for 
environmentally friendly products, to have high subjective knowledge and to score high on the 
objective knowledge questions. This group seems to be ready to adopt a carbon and water footprint 
label to guide environmentally responsible choices. With regard to hypothesis four, we would have 
expected participants in this class to weigh extrinsic and intrinsic attributes evenly, which is, 
however, not the case. Price, an extrinsic attribute, was mostly ignored for ground beef choices by 
those in this class.  

The smallest class 4, which represented 11 % of the sample, appeared to derive utility from high 
levels of carbon emission and medium levels of water use. Class 4 was characterized by a negative 
coefficient for the objective knowledge index. Participants in this group, termed the “low 
knowledge” class, stated that they shop for climate friendly products; however, this is contradicted 
by the stated choices that they made, which were indeed for the less climate friendly options. It is 
possible that consumers in this group misinterpreted the environmental label specifications, or 
wanted to signal a greater environmental consciousness than is actually the case, by over-stating 
their past environmentally-friendly shopping behavior. 

Overall, Figure 2 shows that price was the most important attribute for Canadian consumer 
ground beef choices in the “price sensitive” class, accounting for 46 % of variance. For the “open to 
environmentalism” class, the environmental attributes accounted for 56% of variance. The next 
largest segment of “avid environmentalist” made their decisions irrespective of price. For the “low 
knowledge” segment, price was the most important attribute, accounting for 33 % of variance.  

Table 7 and Figure 2 show that generally the same classes applied for the German sample, 
however, this sample included a smaller share of “price sensitive” consumers and a considerably 
higher share of both “open to environmentalism” and “avid environmentalist” consumers than the 
Canadian sample. This could have been expected from the higher share of Germans that indicated 
shopping for climate friendly products and is also reflected in the relatively more evenly balanced 
weighted average attribute importance shares in Figure 2. With regard to the German classes, Figure 
2 shows that price was the most important attribute for the “price sensitive” segment, as expected. 
For both the “open to environmentalism” and “avid environmentalist” segments, water usage is the 
most important attribute, a major difference relative to the Canadian sample. The much smaller 
German “low knowledge” class is far less price sensitive than is the Canadian “low knowledge” 
class. Overall, German consumers were less price sensitive than the Canadian sample, which was 
not anticipated as GDP per capita is higher in Canada than in Germany for the period under 
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investigation. 10 Notably, for the German sample, participants in the “Low knowledge” segment 
were more likely to indicate membership of an environmental group, suggesting that this may not 
be a good proxy for environmental behavior. Furthermore, the results suggest that usage experience 
is not closely related to subjective and objective knowledge, as was also found in previous studies 
(Raju et al. 1995).  

Potato choices 
As shown in Table 6 and Figure 2, and as was the case for ground beef, participants preferred 

low prices as well as low carbon emission and water usage values for their potato choices. The 
largest segment for the Canadian sample was comprised of 60 % of the participants; these derived 
highest utility from the lowest price level and disutility from the two higher price levels. This “price 
sensitive” class also preferred the lowest carbon emission and water usage levels, but to a smaller 
extent compared to price. Similar to the price-sensitive beef consumers, participants in this segment 
were more likely to indicate that they feel less knowledgeable about environmentally friendly 
products, even though they score high on the objective knowledge index. As with ground beef 
choices, in this class with low subjective knowledge, other attributes than carbon emissions and 
water usage are more important. Similar to the case of ground beef, hypotheses one and two are 
supported. In particular, regarding the second hypothesis, subjective knowledge appears to drive 
environmentally friendly behaviors (Aertsens, et al., 2011; Ellen, et al., 1991). 

Participants in the second largest class for potato choices (26 % in this case) were “avid 
environmentalist.” Class 2 members derived highest utility from low footprint values and placed 
less importance on price (Table 6 and Figure 2). Participants in this class were more likely than 
others to state that they shop for climate friendly products and were more likely to be female.  

The third largest class (9 % of participants) showed a pattern for potato choices similar to class 2 
beef choices (see Table 6). This group appeared to derive disutility from high footprint values (i.e., 
from less sustainable levels) and preferred low prices. It seems that this segment, with average 
levels of consumer knowledge, may try to evenly weigh extrinsic and intrinsic attributes as 
suggested by hypothesis four. Members of this segment were more likely to opt out of making a 
choice than those in the other segments, indicating that their preferences were not accommodated 
by the choice alternatives presented to them. They were less likely than those in other segments to 
state that they shop for environmentally friendly products. This suggests that even though they 
derived disutility from high carbon emissions and water usage, they have not adopted a habit of 
environmentally sustainable behavior. We therefore consider this class to be “open to 
environmentalism.” 

Similar to beef choices, we find a fourth class of “low knowledge” consumers who derive utility 
from high footprint values and are likely to score low on the objective knowledge index. Again in 
this class, participants were more likely to indicate shopping for climate friendly products, 

                                                 
10 http://data.worldbank.org/indicator/NY.GDP.PCAP.CD 
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suggesting that either this self-reported assessment is not a good indicator of climate friendly 
behavior or that class members misinterpreted the footprint value characteristics.  

As indicated by Figure 2, and similar to beef choices, price was the most important attribute for 
the Canadian “price sensitive” segment. Interestingly, the “price sensitive” segment is even larger 
than for beef choices. Price played a slightly greater role for the “avid environmentalist” in the 
Canadian sample when deciding between potato choices relative to beef choices, but the combined 
environmental attributes still account for 49 % of variance in this segment. Also, for the “open to 
environmentalism” class, the combined environmental attributes accounted for the larger share of 
explained variance (37 %), but price was more important than for beef choices. Interestingly, for all 
classes, water usage was more important than carbon emissions.  

For the German sample, we found some of the same general patterns as for the Canadian classes, 
although with a considerably smaller “price sensitive” and a larger “avid environmentalist” segment 
than for the Canadian sample (Table 7 and Figure 2). Price was the most important attribute for the 
“price sensitive” class as expected. Members of the “avid environmentalist” class in the German 
sample were significantly less likely to be a member of an environmental group than was the case 
for the Canadian group. The “open to environmentalism” class was less price sensitive than the 
Canadian class—similar to the choices for beef. The German “low knowledge” class was indifferent 
between carbon emission and water usage values. Also, for the “low knowledge” German segment, 
the subjective knowledge coefficient was positive, suggesting that self-judged (i.e., subjective) 
knowledge alone is unlikely to be sufficient to make environmentally friendly choices (see Table 7).  

DISCUSSION  

The main objective of this study was to determine how consumer knowledge (objective, 
subjective and usage experience) affects consumer choices of food labeled for environmental 
sustainability. We conducted similar choice experiments for both ground beef and potatoes in 
Canada and Germany. Using a latent class choice modeling approach, we identified four consumer 
segments that are similar for two countries and two product categories, though with differing levels 
of knowledge and choice behavior. The covariate model in the latent class choice model suggests 
that inclusion of subjective and objective knowledge regarding environmental attributes, as well as 
usage experience, can significantly improve the identification of choice patterns of the identified 
consumer segments.  

Hypothesis one is only partially supported by our findings, in that respondents who scored high 
on the objective knowledge index were not consistently more likely to make environmentally 
friendly choices. However, those consumers who scored low were far less likely to make 
environmentally sustainable choices. This is reflected in the choices by respondents in the “low 
knowledge” class, who appeared to derive utility from high water usage and high carbon emissions. 
While subjective and objective knowledge about environmental issues often diverged as predicted, 
subjective knowledge was found to be more important for environmentally friendly choice 
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behavior, supporting our hypothesis two, which is in line with previous work (Aertsens, et al., 2011; 
Ellen, 1994). In the “low knowledge” segments, a positive coefficient for the subjective knowledge 
index could frequently be found, suggesting that both types of knowledge need to be positively 
aligned to foster environmentally sustainable choices. At the same time, while “price sensitive” 
consumers scored high on objective knowledge, they scored low on subjective knowledge, which is 
consistent with hypothesis two.  

Respondents characterized by low usage experience (who indicated not to have purchased 
environmentally friendly products in the last four weeks) were more likely to be guided by low 
prices. However, reporting having bought environmentally friendly products did not necessarily 
increase the likelihood of choice of low footprint alternatives. Similarly, being a member of an 
environmental group did not contribute to explaining group membership or choice patterns. These 
two findings suggest rejection of hypothesis three, which stated that high usage experience 
(measured both in terms of previous eco-purchases and membership in environmental groups) 
would characterize choices of lower footprint alternatives. To the contrary, we found that for the 
German sample, members of the “low knowledge” class were more likely to be a member of an 
environmental group, suggesting that such self-reported measures may not be sufficient to explain 
environmental behavior. It could be that membership in an environmental group was interpreted 
more broadly or that these participants simply do not see their food choices as an avenue for 
environmentally friendly behavior. Future research could investigate the relationship between 
membership in environmental groups and this influence on food choices more closely to better 
explain the behavioral discrepancy that we observe. 

We did not find support for hypothesis four, that consumers with higher knowledge levels 
balance extrinsic and intrinsic attributes. Quite the reverse, we found that for those segments that 
score high on all three knowledge dimensions, the extrinsic attribute of price was ignored. This 
finding suggests that there is highly price in-elastic demand by highly knowledgeable consumers, 
which is also consistently found for organic food purchasing patterns (Aschemann-Witzel & Zielke, 
2015; Hempel & Hamm, 2016). Relative to the highly knowledgeable consumer segment, the 
segment with an average level of knowledge showed a more balanced pattern of choices, balancing 
both price and environmental attributes. Whether we did not specify a critical price threshold that 
would lead to a tradeoff between price and footprint values for “avid environmentalist” remains 
subject to future research. 

Overall, while we observe a generally similar pattern of segments for the two product categories 
and countries, some interesting differences can be observed. The Canadian sample, for example, 
was somewhat more price sensitive than the German sample. This cross-cultural feature is 
interesting in the context of another eco-label study, which found European consumers to be more 
willing to pay price premiums for eco-labeled wood and paper products than North American 
consumers (Aguilar & Cai, 2010). For potatoes, in particular, the German “price sensitive” class 
was 20 % smaller than in the Canadian sample and the “avid environmentalist” class was larger in 
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the German sample for both product categories, suggesting a generally higher ecological orientation 
in this sample. 

Water usage was the more important environmental attribute for the “avid environmentalist” 
segment for potato choices in both countries. For the German “open to environmentalist” classes 
and the Canadian “price sensitive” classes, water was more important for both product categories. 
Possibly participants were more sensitive to the higher numerical values cited for water usage 
relative to carbon emissions and weighted these more in their choices. 

In terms of policy and marketing implications, our results suggest that both subjective and 
objective knowledge need to be positively aligned for footprint labels to have the anticipated effect 
of influencing choices. Increasing both subjective and objective knowledge levels – rather than 
focusing on higher levels of usage experience per se – appears likely to increase the effectiveness of 
using carbon footprint labels to enhance environmentally sustainable consumption patterns.  

In line with previous research from Germany, Spain, Sweden and Poland (Grunert, et al., 2014), 
we find that price sensitive segments are slightly overrepresented by men, while segments 
characterized by consumers for whom prices are not major drivers but who derive high utility from 
the choice of low levels of carbon emitted and water usage (our “avid environmentalist”) were 
slightly dominated by women. The “avid environmentalist”, who account for some 20 % of the 
Canadian sample and about 30 % of the German sample, can clearly be identified by positive 
coefficients for both knowledge indices (thus supporting hypothesis one) as well as by high usage 
experience, based on claims to have recently shopped for environmentally friendly products. These 
characteristics are also consistent with the previous finding that early adopters of new labels are 
well informed and indicate intent to purchase a product carrying the new label (Thøgersen, et al., 
2010). 

The class we called “open to environmentalism” has some similarities to the “avid 
environmentalist” segment in terms of their responses to water and carbon levels, although they are 
more responsive to lower prices than are “avid environmentalist”. Also, the “open to 
environmentalism” group tended to opt out of the choice when they encountered alternatives that 
did not correspond to their preferences. However, the results from the covariate model indicate that 
this “open to environmentalism” group generally does not feel highly knowledgeable about 
environmental issues and does not buy this type of products. Nonetheless, members of this class 
may be possible targets for footprint labelling, in that our analysis suggests that they have 
understood the concept and are less price sensitive than the “price sensitive” class. Providing 
information that increases these consumers’ subjective knowledge may influence the choices they 
are making. A useful future research avenue could be to investigate the means to increase 
consumers’ subjective knowledge levels and determine the features that led them to opt out of many 
of the choices presented to them. Addressing these issues by future research on environmental 
sustainability labeling might aid in determining whether providing more information about 
environmental labelling, and different label designs, might encourage environmentally friendly 
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choices. Clarification of why some participants chose to opt out would aid in understanding 
motivations for stated choices to prevent information-overload and confusion. Future research could 
prompt participants with an open-ended question of why they chose the no choice option every time 
they do. These insights could then be used to interpret results and design future studies more 
appropriately.  

It could also be worthwhile to assess consumers’ reactions to the display of one critical footprint 
value only (e.g., only the value for water if this is the more critical attribute). Determination of 
specific critical thresholds could therefore be another avenue for future research.  

CONCLUSIONS  

This study set out to explore to what extent consumer knowledge affects environmentally 
sustainable behavior. It identifies distinct benefits from target marketing of footprint-labelled food 
products focusing on knowledge and lifestyle factors. Focusing on the role of consumers’ subjective 
and objective knowledge and usage experience, and contrasting large samples of consumers from 
Canada and Germany, we show that including psychometric and demographic variables in latent 
class choice models allows for a novel and meaningful differentiation between consumer segments 
in the context of environmentally sustainable choices. Our results also indicate a general preference 
among many consumers towards products labeled with carbon and water footprints. Contrary to 
nutrition labelling (see Grunert, et al., 2010), where it is found that understanding of label 
information is high but motivation or expected utility from purchasing the healthier option is low, 
our results suggest that knowledge of environmental issues is low, indicating an issue of importance 
for public policy.  

We find that environmentally friendly choices are observed mostly for segments with high 
objective and subjective knowledge. For segments with only high objective knowledge, we find that 
price is the most important attribute. These segments show a preference for environmentally 
friendly alternatives, but only if prices are low. For those classes with high objective and subjective 
knowledge, we find that price plays only a minor role. Usage experience – measured both in terms 
of previous eco-purchases and membership in environmental groups – as third dimension of 
consumer knowledge, was found to be less important in influencing environmentally sustainable 
food choices. The relatively large shares of segments characterized by low objective knowledge 
indicate that educating consumers in terms of environmentally friendly behaviors is still an 
important task for those who want to encourage environmentally sustainable choice behavior. In 
terms of education, it is likely important not only to improve objective but also subjective 
knowledge. Keeping in mind that subjective knowledge was observed to be a stronger driver for 
environmentally friendly choices, it appears relevant not only to provide information for the target 
consumers, but also to raise general awareness to make shoppers feel that they are informed and 
equipped to make a better choice for the environment. Roughly one fifth of the respondents can be 
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termed “avid environmentalist,” who can be expected to be appreciative of a label which could 
guide their choices toward sustainability.  

Our findings suggest specific avenues of action for marketers to improve consumer targeting 
with a focus on consumer knowledge and awareness of environmental issues. In sum, our 
comparative analysis of consumer samples from both North America and Europe suggests that 
footprint information may be a useful tool for food marketers to help consumers make 
environmentally sustainable choices, especially in countries where the general level of awareness 
and knowledge of environmental issues is already high. It is, however, crucial to use a targeted 
campaign that addresses both objective and subjective knowledge.  
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