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Abstract 
The aim of the present study was to develop methods to model preferences at the individual� 
or even contextual�level. Such model may increase the explanatory power of the data and 
thereby be a stronger tool for understanding the consumer variation, the contextual variation 
and the cultural variation. A better understanding of these variations may replace the concept 
of “best product” by a portfolio of good products and give input to new product development. 
As the study object we applied ready meals, the appearance of such products being very 
important for our choices of convenient food products. A conjoint layout using 32 pictures as 
a 25 design was constructed: Collation (modern/traditional), Meat cutting (medallions or 
pieces), Vegetables (wok or root fruits), Herbs (with or without), and Sauce (with or without). 
A Total of 880 consumers were interviewed in three different towns in Denmark and at two 
different stores. The method of scoring the pictures makes it possible to analyse the results as 
an analysis of variance (ANOVA). The statistical analyses showed that is it possible to estimate 
the variability of preferences according to the five different aspects in the conjoint layout and 
furthermore to estimate trade-offs between different aspects. Finally, the analyses indicated 
the amount and type of products in a product portfolio. 
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1. INTRODUCTION 
The overall aim of the study was to investigate consumer preference for the appearance of a 
meal in a situation of buying convenience food. These products are sold at a rather low and 
stagnant rate in Denmark compared to, for example, the rest of Europe where they are sold at 
a high and increasing rate. The meals can be targeted at various consumer groups.  

When we buy a ready meal, the appearance is very important for our choice. However, the 
knowledge of how the plates should be arranged is scarce and mainly empirical. The preferred 
appearance may depend on geographical location, gender, age, and many other factors. This 
knowledge can be used in product development and in the design of the meal according to 
consumer groups: The busy high income family who do not have time to cook themselves, but 
still want some well tasting food; the singles who do not want to cook for themselves; the 
family with children who do not have time to cook in everyday life etc.   
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However, often it is in practice impossible to connect preferences to segments and one has to 
consider the distribution of preferences in the targeted market to decide the characteristic of 
products, price level of products and marketing strategies. 

Visually based preferences 
Visual surveys are an inexpensive and quick method for assessing preferences and the 
potential of these surveys have expanded with recent computer and visually based techniques 
in fields such as consumer preference research, convenience meal development, package 
labelling, and advertising.  
Visual surveys are increasingly being applied to methods such as discrete choice analysis 
(Louviere, Hensher, Swait, & Adamowicz, 2000; Train, 2003), which is used to predict 
preferences for goods or services according to choices made between distinct alternatives with 
varying attributes.  

A conjoint design can be used to determine the value placed on attributes by having 
respondents choose between strategically included alternatives characterised by a limited 
number of different attributes, each at levels, which are evenly distributed between the 
alternatives (i.e., orthogonal design). In conjoint design, it is assumed that choice is governed 
by the maximisation of preferences for the attributes (Moskowitz & Silcher, 2006). The use of 
conjoint design in a discrete choice analysis makes it possible to determine the value placed 
on attributes through decomposition of the choices and trade-offs made between alternatives. 
The validity and discriminatory power of using visual surveys instead of real products has 
previously been established for conjoint design in the sense that there is no difference 
between preferences of food products determined by choices made between pictures versus 
tangible food products (Jaeger, Hedderley, & MacFie, 2001). However, it is important that 
alternatives investigated are realistic. Consequently, meal attributes should be well known, 
well-liked, properly organised, and appear palatable to respondents. Despite this, most visual 
surveys investigate relatively few distinct attributes. A visual survey based on multiple 
combinations of attributes might vastly reduce effort and costs associated with investigating 
various attributes. Furthermore, visually-based choices can be rapidly made and used to infer 
preferences and thereby help improve food product development and institutional food 
services. In the present study, the meals seemed to closely resemble each other, but were in 
fact strategically organised with varying attributes as based on a conjoint design 

Since visual working memory has a limited capacity and the perceptual workload of our task 
was high, it was deemed very unlikely that the results would be based on either short-term 
working memory or long-term visual memory between sessions. Rather, choices were more 
likely to be based on subjects’ previous meal experience (Humphreys & Bruce, 1991; Repovs 
& Baddeley, 2006). Hence, we investigated the reliability of the method by conducting the 
experiment twice. 
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2. MATERIALS AND METHODS  
The investigation was carried out by means of a computerised questionnaire in shopping 
centres in three middle-sized Danish towns: Amager, a suburban part of the Danish capital, 
Copenhagen; Naestved, a town situated on the isle of Zealand about 75 km from Copenhagen; 
and Kolding, situated on the peninsula of Jutland about 225 km from the Danish capital.  

The sample comprised 880 respondents, 542 women and 338 men, who completed the 
questionnaire. Respondents were recruited in shopping centres on location, adjacent to 
supermarkets of interest for the investigator Bilka a relatively large and cheap supermarket 
(three stores), and “Irma,” a small supermarket with a reputation for high-quality food (two 
stores).  

The program was written in microsoft access and functioned interactively, forcing the 
respondents to pick their choice to any question posed by pressing the key marker on one of 
the displayed response options. Consequently, the respondents were allowed progression onto 
the next question that appeared on the interface once the former question had been answered 
and registered in the computer database. 

The program was divided into a pictorial part, which was followed by the regular 
questionnaire that included a total of 26 questions that focused mainly on geographic, 
demographic, sociological and lifestyle variables. The 32 photos were divided into four series, 
and each series of eight photos were displayed on the screen. The series each consisted of 
eight unique pictures of randomised food dishes. For each screen display, respondents were 
instructed to pick their most preferred choice, second most preferred choice and least 
preferred choice, respectively, from eight pictorial variations of a meal presented in 
randomised series (blocks). Having pressed the key marker, the most preferred image was 
removed from the display, and similarly, for the second most preferred choice. When the 
respondent had selected the least preferred image of the displayed series, the sequence was 
terminated, and the screen display shifted with emergence of a new series of another eight 
photos until all of the series had been displayed.  

Figure 1 displays the first of four series that respondents were presented within the program. 
The screen display thus consisted of a 3 � 3 array in which the questions were posed in the 
centre square. In order to obtain an indication of respondents’ degree of overall liking of the 
visually presented stimuli, they were asked to rate two images that were diametrically 
opposed to each other with respect to variations of the component. We chose the first photo 
randomly from a pile of images and subsequently paired it with its opposite. In this way the 
majority of meal components used in the experiment was subjected to a hedonic evaluation. 
We used a hedonic 5-point scale, with values ranking from “like very much the look of the 
meal” to “don’t like the look of the meal at all”.  
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Figure 1: One of four series consisting of eight photos. 

2.1 Meal Components  
The five meal components and their corresponding levels (in brackets) were defined in the 
following way:  

Dish: modern or traditional level; this component denotes the mode of presentation.  
Vegetable mix: root mix or wok mix.  
Meat: slices or pieces of tenderloin pork; this component represents the carving of the 
meat.  
Sauce: dishes with or without sauce.  
Herbs: dishes with or without parsley.  

When selecting the stimuli we were cautious to meet popular Danish choices of meat, 
vegetable mixes, and sauce, this insured that the stimuli reflected Danish cultural aspects. 
Moreover, the energy contents and constitution of macronutrients of the meals largely were in 
accordance with guidelines from Nordic Nutrition Recommendations, NORDEN 2004. 

Three base ingredients were used for all photos: tenderloin pork, potatoes (either white and 
cooked, or fried, brown boats) and vegetables.  
Dish was presented in a modern and traditional collation, respectively. The former was 
defined as a dish with fried potato boats, and glasses were used if the component sauce was 
present. For the component variant meat in pieces, the meat pieces were arranged on spears 
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and whole leaves of parsley were used. The traditional dish was arranged with cooked white 
potatoes and the sauce was arranged in a small puddle, and the parsley had been chopped and 
poured over the potatoes. Two different vegetable mixes were used; root mix and wok mix.  

Regarding meat, the pork tenderloins were cut in 1-cm-thick pieces and weighed 50 g on 
average. The smaller pieces of meat were approximately 1 � 1 cm in size, weighing 10 g on 
average. The slices were fried for 4 min. and the pieces for 3 min, respectively. Averages of 
10 g of virgin olive oil were used for each pan. The meal components, sauce (whisky sauce) 
and herbs (parsley), varied in the series by being either present or absent. The dishes were 
arranged placing the vegetables on the plate approximately between 6:00 and 10:00 a.m., the 
potatoes approximately between p.m., and the meat covering the rest of the plate.  

2.2 Experimental design 
The applied design was a 25 conjoint layout combining a balanced block design and an 
incomplete ranking test. In this factorial design, 25 = 32 photos were allocated into four 
blocks (fractionals, series) of eight, so that each level of each of the five meal components 
appeared equally often on the screen, and at various positions. The same layout was repeated 
for all respondents. Thus, the main and two-way effects were balanced with respect to the 
block, thereby enabling estimation of the main effects and two-way interaction effects of the 
meal components, irrespectively of the block on the individual level as well as on the 
aggregate level. The variable position described the position of the items in the 3 � 3 array 
used for all blocks. 

2.3 Data Analyses  
The study presented a conjoint layout and was analysed by analysis of variance (ANOVA). The 
position of the photos on the screen influenced respondents’ choices and the effect has been 
corrected for as “design” variables. Likewise, respondents were shown only eight photos at a 
time, which resulted in a series effect that has also been corrected for. Age and gender were 
regarded most important variables, and effects related to these variables have been corrected 
for in the analyses of data as categorical variables (factors) in the analysis.  
The five treatment factors (meal components) may be represented as dummies XC ~ the factor 
dish, 0 = traditional and 1 = modem; XV ~ vegetable mix, 0 = wok mix of vegetables and 1 = 
root mix of vegetables; XM ~ meat. 0 = tenderloin meat in pieces and 1 = tenderloin slices; XS 
~ sauce, 0 = without sauce and 1 = with sauce; XH ~ herb, 0 = without herbs and 1 = with 
herbs.  

The 32 photos consisted of the 32 combinations of the five factors and may be indexed by i, j, 
k, l, m. We defined a factor Block (B: b = 1,2,3,4) allocating the 32 photos to the four blocks b 
= b(i, j, k, l, m) indicating to which of the four blocks a photo belonged.  

Dijklm was a dummy indicating the position of the photo (on the screen): 0 = lower right 
comer, 1 = upper left comer, including the diagonal. For convenience, position has been 
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reduced to a two-level “design” factor (level 1 ~ position 1, 2, 3, 4 and 6; and level 2 ~ 
position 5, 7 and 8) because more than 95% of the variation between the eight positions was 
explained by these two levels. As such, the core of the analysis of variance model�with only 
main actions�looked like this:  

E(Yijklms) = � + �b
B + �Dijklm + �CXi

C + �VXj
V + �MXk

M + �SXl
S + �HXm

H

in which E(Yijklms) denoted the expected response of subject s to photo i, j, k, l, m corrected for 
the effect of photos displayed and the effect of the block. The 32 photos were the explanatory 
variables/factors. To fit a model to all the data, each of the 32 photos must have a response. 
Thus, the method used had to take into account the photos not chosen, representative of 
“missing values” in this context.  

The values for the hedonic scores within a block were: 2, 1, 0 and –1, where 2 represented the 
score of the most preferred choice, 1 represented the score of the second most preferred 
choice and –1 represented the score of the least preferred choice. Finally, 0 represented the 
score of each of the five images of a block with no mutual ranking. To calculate the main 
effect of a factor, the difference between the means of the 16 scores on each of the two factor 
levels was used as the sufficient statistic. As the blocks are orthogonal to the (treatment) 
factors, this calculation could be performed across blocks.  

Because of the central limit theorem, therefore, the sufficient statistics for each subject are 
approximately normal. Calculating means across subjects would make the approximation to 
normality even better. Furthermore, the sum of scores for a specific factor level is the fraction 
of times this level is present in the most preferred photo with weight 2 plus the fraction of 
times this level is present in the second most preferred photo with weight 1 plus the fraction 
of times this level is present in the least preferred photo with weight 1. This means that 
although the scores are (incomplete) ranks, the sufficient statistics are means of weighted 
ranks (or smoothed ranks). By using the ranks as scores one theoretical difficulty arose: for 
each subject and each block the rating or scores of the eight photos comprising the block are 
given by the numbers 2, 1, 0, 0, 0, 0, 0, –1. Thus, the mean of the scores in each block is 0.25 
and thereby the mean of the 32 scores given by a subject is also 0.25 (and the grand mean of 
the 32 scores given by the 768 subjects is also 0.25).  

Furthermore, for each subject and each block the SSQ is (2 – 0.25)2 + (1 – 0.25)2 + 5 � (0 – 
0.25)2 + (–1 – 0.25)2 = 5.5. For each subject, therefore, we have the total SSQ = 4 � 5.5 = 22.  

This means that the grand mean is fixed (and no degrees of freedom are used to estimate it). 
Furthermore, the total SSQ is fixed being number of subjects � 22 = 768 � 22 = 16,896. Thus, 
the data can be considered as standardised, having for each respondent the same mean (equal 
to 0.25) and the same SSQ (equal to 22). This implied that from a theoretical point of view the 
usual F-test in the ANOVA is not valid. However, the numerator is still chi-square distributed 
and the usual F-test should have been replaced by a chi-square test. As the number of degrees 
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of freedom in the denominator in the present case is large, the chi-square test and the F-test 
are approximately equal and therefore. We use the F-test as usual.  

3. RESULTS AND DISCUSSION 
Data can be analysed at different levels. Table 2 shows the result of the analyses of variance 
at the aggregated level, assuming, that respondents are randomly drawn from a homogeneous 
population. The most important meal component is Dish and in general the modern collation 
is preferred. This means that the “mean respondent” prefers modern collation just a little bit 
over traditional collation, however, the variation of preferences is very high and therefore 
very few respondents are close to “the mean consumer.” The meal component Dish account 
for only 6 % of the total variation of the preferences. If the other four meal components are 
included in the analyses the explanatory power increases to R2 = 7.2 %. Including all order 
interactions makes the explanatory power increases to 8.3 %, Table 2.  

The remaining variation, 91.7 %, is what is sometimes called the biological variation – 
variation of consumer preferences – and with a remaining biological variation as big 91.7 % it 
has hardly any meaning to talk about a mean consumer.   

Table 2: Main effects – Aggregated level. 
Source of Variation Most preferred Sum of Squares p 
Main effects    
Collation Modern collation 997.1 < 0.0001 
Vegetables Wok-like vegetables 21.7 < 0.0001 
Meat Meat in Pieces 11.3 < 0.0001 
Sauce With sauce 27.0 < 0.0001 
Herbs With herbs 133.5 < 0.0001 
R2 = 7.2 % 
Main effects + all order interactions 
R2 = 8.3 % 

To reduce the biological variation we can try to segment the consumers according to, for 
example, gender, age, etc. The idea of segmenting is that the consumers are clustered into 
“groups” (i.e., segments) and that within segments the consumers are considered as a random 
sample from a homogeneous population and the variation is due to differences between 
segments.  The effect of segmenting after different factors is shown in Table 3. It is seen that 
segmenting the consumers increase the explanatory power of the model to at most 10 % of the 
total variation. 

Table 3: Main effects – Segmented. 
Model R2

Main effects at aggregate level   7.2 % 
Main effects segmented by gender   7.5 % 
Main effects segmented by gender and age    8.7 % 
Main effects segmented by gender and age and geography    8.8 % 
Main effects segmented by gender and age and geography and … ~ 9.5 % 
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At the individual level we can estimate the main effects of the meal component of each 
individual. As the number of respondents is high we can illustrate the distribution of each of 
the main effects - illustrating the unexplained individual variation. The explanatory power of 
main effects estimated at the individual level is R2 = 45.8 %. 

Effects of Dish                                                Effects of Meat 

 

Effects of Herbs                                              Effects of Vegetables 

Effects of Sauce

 
 
 
 

Figure 4: Main effects of meal components. 

Figure 4 shows the distribution of the estimated main effects for the five meal components 
Dish, Meat, Herbs, Vegetables and Sauce.  The variability of all of the meal components is 
large: it does not seem possible to produce a ready meal which satisfies all consumer 
preference concerning the five meal components. The meal component with the most 
interesting distribution of preferences is Dish, where many consumers prefer Modern 
collation; however, there is a long tail of preference towards Traditional. The preference of 
meat is concentrated in the middle of the distribution meaning that most people have no 
preferences concerning the meat being in pieces or medallion. Also the distribution of 
preference of Herbs is concentrated a little towards Herbs, and there is no outspoken 
preference for any Herbs. 

Pieces Medalion 

Wok-like Root fruits 

Traditionel 0 Modern

No herbs  Herbs

No sauce Sauce
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Many consumers have no outspoken preferences concerning Vegetables, however, there are 
consumers who prefers Wok-like and consumers who prefers Root fruits. The distribution of 
the preference of Sauce is heavy tailed in both ends, meaning that there are many consumers 
who prefer sauce and there are many consumers who prefer no sauce. Therefore, it is not 
possible to develop a ready meal satisfying all consumers and an approach in that direction 
will result in a product satisfying the “mean consumer:”  “what fits everybody fits none”. One 
way of approaching this problem is to segment the consumers. However, as seen from Table 3 
the segmenting factors do not reduce the variations very much, which means that we have a 
variation which is not explainable by the usual factors (e.g., lifestyle). A solution, therefore, is 
to develop a portfolio of products each product satisfying some consumers and hope that 
consumers can find the products themselves. 

One way the consumers segment themselves is by the store where they choose to shop. The 
distributions of preferences of Dish segmented into costumers in Bilka and IRMAS, 
respectively, is shown in Figure 5, where it is seen that consumers in IRMA concerning 
preferences on Dish is rather concentrated on Modern being homogeneous whereas the 
costumers in Bilka is more heterogeneous.  
 

Effects of Dish,  Bilka                                 Effects of Dish, IRMA 
                                       
 
 
 
 
 
 
 

Figure 5: Effect of Dish segmented after store. 

4. CONCLUSION 
From a methodological point of view in market research it is important to distinguish between 
measurements error, market variation, and biological variation. The purpose of a market 
research is to explore variations of “preferences,” and, if possible, to determine sources of 
variation of preferences. The sources of variation may be related to, for example, lifestyle, 
culture and family but may also be contextual: “we do not eat the same every day.”  The 
market research should involve both product variation and biological variation and make it 
possible to measure, model and compare both types of variations. One way to achieve this is 
to use a conjoint layout; it can include many objects attributes (meal components) many 
consumer attributes (gender, lifestyle etc.) and by use of a reasonable design it is possible to 
separate different kinds of variation. Furthermore, data can be analysed at different levels 

Traditionel Modern

 

  Modern 
 

Traditionel
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(individual level, family-level, neighbourhood level, country level) such that the variations 
can be attributed to the right level. Often it is appropriate to determine preferences by asking 
respondent to choose between objects (e.g., discrete choice, best / worth). In these cases it is 
often reasonable, if possible, to replace respondent’s choices by respondent’s scores of 
objects.  Furthermore, it is important that the research can be performed cheap and fast. Often 
it is possible to use the internet, and to determine the preference for visually presented 
objects/meals or one can use Hall-test. 
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