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Preface

Preface

This document concerns the master thesis “Consumer preferences regarding planned shopping centers in The 
Netherlands: A choice based conjoint experiment assessing various presentation formats.” In this report, a 
detailed description is provided of an experimental research on Dutch consumers’ preferences regarding design 
characteristics of planned shopping centers in The Netherlands, in which various presentation formats are 
assessed in order to determine the most suitable research methodology for consumer research as such. This 
study is considered as the conclusion of the mastertrack ‘Real Estate Management and Development’ of the 
Faculty of Architecture at the Eindhoven University of Technology.

The motive for this research emerged from a collaboration between the Eindhoven University of Technology 
and the ‘Taskforce Consumer Behavior’; a working group aimed at the accumulation and the promotion of 
knowledge on consumer experience, consisting of members of the Dutch Council of Shopping Centers (DCSC).

In this report are thus described the development and the execution of a choice based experiment, following 
an extensive literature review on the influence of shopping center design on consumer behavior. During this 
process I have gained clear insights into my own skills and the complexity associated with doing extensive 
research. All this together made it a challenging project, which has greatly contributed to the preparation for 
my work in practice.

Through here I would like to thank my main supervisor Aloys Borgers, for his critical look and useful tips he 
has provided me with regarding my activities during this project, even at late hours and in weekends. Also 
I would like to show my gratitude to Ingrid Janssen and Zahra Parvaneh; Ms. Janssen for her guidance and 
assistance at the start of the project and both for their participation in the supervisory committee. Furthermore, 
my thanks go out to Koen Snoeren and Robbert Nagtzaam from GfK Panel Services Benelux, as well as the 
other employees there for the help I have received in the form of freed time, information, advice, and most 
importantly; for making it possible for me to roll out an online questionnaire among their consumer panel 
while taking the related costs for their own account. Finally, I would like to thank my friends and family for the 
necessary support and advice during this major project.

Eindhoven, February 2014

Peter Botter
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Consumer preferences
Knowledge of the characteristics of a shopping center that evoke positive feelings among shoppers is essential 
for the development of marketing strategies that create and strengthen positive shopping experiences. 
Although there are numerous functional aspects (e.g., distance, number of stores, size of the stores, branching, 
accessibility and parking) that influence consumers’ preferences, this study is focused on the appearance, and 
design characteristics of retail environments. It should be noted that the relevant preferences are based on a 
recreational (non-food) shopping trip. 
Information regarding the consumers’ choice process of visiting a certain shopping area can be implemented in 
the (re)design process or management of a retail location, in order to improve the consumers’ experience. This 
shopping experience has already become to play an increasingly prominent role in retail areas, as evidenced 
by stakeholders’ strategies to create and maintain pleasant shopping environments to improve consumers’ 
perception of stores and to attract them to shopping areas.

Relevance
The results of this study are relevant to market participants who engage in the (re)development or restructuring 
of district or neighbourhood centers and main shopping areas. Understanding the preferences of the Dutch 
consumers allows them already at an early stage of (re-)development of a planned shopping center to take into 
account the needs and demands of the targeted consumer groups. This increases the chance of acceptance by 
shoppers, with probably higher visiting rates and consumer expenditures as a result.

Existing research
Although the influence of the physical shopping environment on consumer behaviour has already received 
extensive attention in previous studies, in only some cases has the influence of design characteristics been 
topic of relevant research. However, not all of these studies are focused on just the design and appearance of a 
shopping center, but include other ‒ functional - attributes as well. Moreover, the methods used to present the 
hypothetical shopping centers are insufficient when considering the evaluation of design characteristics (textual 
descriptions of design styles), and / or outdated (almost ten years old).

Research objective
There is little knowledge about the influence that different kinds of elements of retail environments have on the 
visual appeal of the whole in the eyes of today’s consumers. Subsequently, the research objective is as follows:

“To gain insight into the preferences of Dutch consumers regarding design characteristics of planned 
shopping centers in The Netherlands, in order to contribute to the knowledge on consumer experience 
in shopping centers in The Netherlands.”

Because consumer surveys focused on visual aspects of shopping centers are scarce, and in some cases dated, 
the present study also offers excellent opportunities to explore what techniques that are available at present are 
most suitable for a study as such. Therefore, the following is the sub-goal of this study:

“To determine the most suitable and capable visualization technique to create realistically looking 
representations of fictitious shopping streets, in order to increase the respondents’ imaginative power 
in the proposed situations, so as to enable them to thoughtfully state their preference with the most 
careful consideration.”
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The consumers’ preferences that are found in this study are based on a recreational (non-food) shopping trip, 
because in case of a purposeful (utilitarian) trip to a shopping or when doing errands, consumers tend to find 
the physical appearance of the shopping center subordinate to practical factors such as travel distance, price 
range, product supply, branching, parking and tenant mix. Moreover, this study focuses on just a segment of the 
Dutch retail market: the planned shopping centers. These kinds of shopping centers offer the highest flexibility 
regarding design aspects, since they are clusters of (mostly) newly developed shops within an architectural 
unity. Generally, this concerns district and neighbourhood centers.

The in!uence of shopping center design on consumer behaviour
Before the research design can be determined, it is essential to understand how consumers percieve shopping 
centers and to identify what design characteristics thereof influence consumers’ behaviour. Individuals that 
engage in a shopping activity are typically driven by a combination of hedonic (recreational) and utilitarian 
shopping motives. Consumers nowadays tend to be attracted more and more by shopping centers that offer 
unique experiences, which are derived from an interactive context, in which personal circumstances, socio-
cultural aspects and physical surroundings define the value of the experience. The way individuals encounter 
a place and the behavior that follows from that, is greatly determined by their perception of the surroundings: 
information signals from the real world are picked up by their senses, and subsequently are transformed by the 
brain into a mental image of the place. Every situation evokes a combination of emotional states, which results 
in either approach or avoidance behavior. Bitner (1992) designed a framework ‒ which has later been expanded 
in other studies - that captures a wide variety of atmospheric variables that have proven to be influential on 
consumer behavior. The so-called external atmospheric variables on this list are the subject of this study, since 
these capture the main design characteristics and appearances of shopping centers.

Research Methodology
In order to measure Dutch consumers’ preference structures regarding the design characteristics of planned 
shopping centers in The Netherlands, a choice based conjoint analysis is performed. For this, a fractional 
factorial design is constructed consisting of 27 profiles or, as in this study, hypothetical shopping environments, 
composed of nine attributes with three levels each: (a) curvature of the street, (b) width of the street, (c) height of 
the ground !oor storey, (d) number of !oors, (e) recession of the ground !oor façade, (f) roof, (g) green, (h) street 
furnishings, and (i) materialization. The attributes and corresponding levels are derived from existing planned 
shopping centers in The Netherlands.

The profiles are visualized using architectural modelling software and subsequently rendered as interactive 
panoramas. Since the profiles that are evaluated are regarded as design alternatives of a planned shopping 
center, they have an inherent aesthetic value; in a simulation as such, it is important to produce impressions of 
the alternatives as realistic as possible. With the use of computer generated models, physical presence can be 
simulated in places in imagined worlds, a so-called Virtual Reality (VR). 

Investigated shopping center design characteristics 

Attribute Level 1 Level 2 Level 3

A Curvature of the street None Slight Strong

B Width of the street 7.5 meters 10 meters 14 meters

C Height of ground floor 4 meters 5 meters 6 meters

D Number of floors 2 3 4

E Recession ground floor 0 meters 1 meter 2 meters

F Roof None Awnings Complete

G Green None Plants Trees

H Street furnishings None Few Many

I Materialisation Warm Cool Dark
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A 3-dimensional simulation technique as such is expected to be of interest: users have an active involvement in 
VR, instead of being a passive observer. They become essential participants in the hypothetical environments 
with more freedom to explore it, as opposed to when static images are presented. This is expected to allow for 
a better representation of attributes, most likely increasing the reliability of the measurement. The alternatives 
are also rendered as static images and presented to different groups of respondents, as the consumer preference 
data gathered using static images and interactive panoramas is expected to differ. The camera is positioned at 
one third of the length of the shopping street, because this delivers the most interesting views on the shopping 
streets (in both presentation methods). This results in the following three groups:

1)   360° Panoramas;
2a)  Static images of the short side of the shopping street;
2b)  Static images of the long side of the shopping street.

Logically, this reflects on the sample size, as this requires three sets of 27 profiles to be evaluated. Accordingly, 
three sub-groups of 802 respondents each are addressed to participate in an online questionnaire, which 
has been constructed in collaboration with, and distributed by GfK Panel Services Benelux. In this survey, 
respondents are presented seven unique choice tasks each consisting of two alternatives and a “no preference” 
option. Subsequently, they are asked to choose one option. As people might have a natural tendency to choose 
either the first or the second option in a set consisting of two alternatives, the position of the alternatives as 
they appear on the respondents’ screen in the online questionnaire is randomized. The respondents are a 
representative sample of the shopping population in The Netherlands.

Model Development
In order to create a realistically looking shopping environment, the virtual model must contain a wide variety 
of elements; ranging from walls and floors to store logo containers. Since a large amount of these elements are 
interdependent, even more so when considering changing some defining attribute levels (e.g., curvature of the 
street), it was chosen to program the virtual shopping center by means of parametric- associative modelling 
in Grasshopper, a plugin for the 3D modelling software Rhino3D 4.0. A great advantage of this approach is 

1 2a 2b

1 
/ 3

2 
/ 3

360° panoramas static images static images

Setup of the virtual shopping environments. The eye-icon represents the camera, whereas the red lines and arrows show   
the fields-of-view, which differ across the sub-studies.
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that all of the geometries within the model can be easily adjusted afterwards. Subsequently, the geometry 
data is imported into 3D Studio Max 9 and transformed into solid elements, which allows for the application 
of textures created from real-world objects. After setting up the camera and lighting of the scenes, two sets of 
27 still images are rendered for presentation to respondent groups 2a and 2b. 360° Images of the 27 scenes 
are ‘folded’ into the inside of a cube with Garden Gnome Pano2VR, and converted into the Adobe Flash 9/10 
format (*.swf) for display in web browsers. By clicking on a panorama frame and dragging the virtual camera 
around, respondents can look around to their liking. Also, the panoramas in each choice task are programmed 
to simultaneously auto-rotate back and forth within restricted rotational angles, which prevent respondents to 
look at unimportant parts of the scenes.

Model estimation
The data that was collected is used to estimate random parameter (mixed logit) models, which allow for the 
measurement of taste heterogeneity among respondents regarding the various attribute levels. In addition, 
contrast effects are measured, in order to investigate whether any differences exist in preference structures 
across respondent segments. The following respondents’ characteristics are taken into account: gender (female, 
male), age (under 35 years, 35 to 55 years, over 55 years) and size of municipality (under 50.000 residents, 
50.000 to 100.000 residents, over 100.000 residents).
According to the model, there are differences in preference structures across the respondent groups. However, 
the three groups show consistent values for the utility scores of attributes width of the street and street 
furnishings. The results also show that the preferences regarding design characteristics may vary to a large 
extent across consumers with different personal characteristics. However, the findings in this respect are 
inconclusive.

Conclusions
The results suggest that the attributes are perceived as being of somewhat equal influence on the overall 
attractiveness of a shopping center (regarding design characteristics), since the differences between the 
lowest and highest part-worths of all attributes are close together. The width of the street, the height of the 
ground floor storey, green, and street furnishings are the attributes in this study that are of most influence on 
the attractiveness of shopping centers. The attributes curvature of the street, number of floors, and roof are 
moderately effective. Finally, recession of ground floor and materialization are the attributes with the least 
convincing influence on shopping center attractiveness. Regarding the respondent segments however, there 
are notable exceptions in the order of preference for some of the attributes. Also, there are prominent taste 
differences for several attribute levels.
It appears that the Virtual Reality approach provides less reliable results than when using static images; 
especially the model with the images in which a large portion of the shopping street was shown performed 
better. However, the results suggest that the VR method does allow respondents to better imagine the 
relations between certain objects that comprise the virtual environments and the expressions of the related 
attribute levels, as evidenced by the fact that for five of the nine attributes included in this study, the largest 
differences between the lowest and highest utility scores exist in the respondent group that was presented the 
VR alternatives (group 1). The most reliable results are achieved with the use of static images. However, it is 
important that the images provide a large enough view on the virtual environments, so that the attributes and 
respective attribute levels they comprise are clearly recognizable and thus, comparable. When presented with a 
choice task as such, the most effective way to compare the virtual environments is by means of static images, it 
is relatively difficult for respondent to compare moving images.
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Introduction

This chapter serves as an introduction and forms the basis for the rest of this study. Section 1.1 provides the 
onset for the discussion of the problem description and research objective, in Sections 1.2 and 1.3 respectively. 
Section 1.4 covers the research scope, followed by an account of the relevance of this study in Section 1.5 and a 
reading guide in Section 1.6 subsequently.

1.1 — Research Motive

Creating and maintaining a pleasant shopping environment has become an important strategy to improve the 
perception of the consumer in stores and to attract customers to shopping areas. In order to achieve these 
goals, it is important to know what the consumers’ motives are in the shopping process. Subsequently, insight 
can be gained into the way an individual bases his or her choice for a certain shopping area. This information 
can then be implemented in the design process or management of a retail location, in order to improve the 
consumers’ experience. As a result of increased competition between shopping areas, managers and developers 
are already encouraged to take into account the perception of consumers in retail environments as a possible 
tool to achieve differentiation (Andreu, Bigné, Chumpitaz & Swaen, 2006). 
This shopping experience is a theme that has become to play an increasingly prominent role in retail areas, as 
evidenced by the following quote:

“The consumer does not visit a shopping center for a predictable tour along the well-known retail out-
lets. He wants more. He wants a valuable experience, a day out.”
Oedsen Broersma, in NRW Special 2011

This statement can be illustrated by Thompson’s “Retail Location !eory” (1967), which assumes that 
consumers, when making a choice between several shopping centers, are likely to prefer the location which 
is situated most nearby, assuming all other conditions are equal. The extent to which consumers are then 
willing to travel further to another store location, is inversely related to the degree to which the locally situated 
shopping center meets their shopping needs. From this, it follows that consumers that travel further for a day of 
shopping, do so because the concerning shopping center in their eyes is considered relatively more positive and 
therefore betters meets their needs (Wakefield & Baker, 1998).

There are many factors besides distance that may influence consumer’s preference for a particular shopping 
center over another. Obvious functional characteristics are: the size of the shopping area (total number of stores 
and the floor areas of the shops), the supply of shops (branching) and accessibility (possibility of using different 
modes of transport and parking).
Besides functional aspects, however, consumer also evaluate the non-tangible elements such as color, 
atmosphere, light, smell, etc. (Tiwari & Abraham , 2010) . Oppewal (1995) emphasizes this in his thesis, in 
which he indicates the significance of factors such as appearance, layout and design of the shopping area. 
Besides size and accessibility of a shopping center, Wakefield and Baker (1998) also argue that an attractive 
architectural design of a shopping center is a major contributor to the enthusiasm of consumers while shopping, 
concluding that an increased enthusiasm has a positive effect on return intentions and the desire to continue 
shopping. In short, knowledge of the characteristics of a shopping environment that evoke positive feelings 
among shoppers is essential for the development of marketing strategies that create and strengthen positive 
shopping experiences (D’ Astous, 2000).

Existing Research
The influence of the physical store environment on consumer behavior has already received extensive attention 
of researchers (Andreu et al., 2006; Bitner, 1992; Bohl, 2012; Gilboa & Rafaeli, 2003; Ng, 2003; Wakefield & 
Baker, 1998). However, the physical elements in shopping areas that are most important to consumers in their 
choice process have only been topic of relevant research in a few cases:
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• Borgers and Vosters (2011) integrated in their study on preferences for ‘mega shopping centers’, in addition 
to functional aspects as accessibility, parking and type of shops, also physical components in the form of 
the attributes length of the main shopping street (30 or 45 minute walk), the scale of the shopping streets 
(combinations of number of shops , length and width) and architecture (‘Historical’, ‘Modern’ or ‘Disney‒
style’). The aforementioned attributes were combined to create 81 alternatives of hypothetical mega 
shopping centers. Considering shopping center design characteristics, it was concluded that design style 
was one of the most effective attributes in terms of influencing the attractiveness of such a shopping center, 
followed by total length of shopping streets. The online questionnaire was completed by 312 from a total of 
667 respondents which were recruited in the down town shopping center of Den Bosch and the peripheral 
shopping center Alexandrium in Rotterdam.

In research on design preferences, it is important that respondents can imagine themselves the presumed 
situations quickly and clearly. In the aforementioned study, the configuration of the fictitious shopping centers 
are described textually. Because these terms may have a different meaning for each respondent, alternatives 
can be chosen or rejected unintentionally by the image that the terms evoke for respondents. By visualizing the 
proposed (fictitious) situations, the researcher can control what image is being brought up for the respondents.

• Warners (2010), in his research on consumer preferences regarding urban (indoor) shopping malls, used 
a similar approach as Borgers & Vosters (2011). He described functional aspects such as number of shops, 
parking, presence of catering and travel time textually or with icons. The physical component, however, was 
presented to the respondents by means of 3D render stills of a fictional shopping center. The appearance 
of this physical component is based on combinations of the terms architecture and atmosphere, which are 
derived from existing shopping centers in Europe managed or developed by Multi Development. The two 
design related concepts are constructed by creating combinations of attributes with different values for 
each of the three levels. For example, the attribute atmosphere consists of the following three levels: 
 
Low:  Low natural light, no arti"cial light, no green, no decorations; 
Medium:  Average natural light, little arti"cial light, little green, few decorations;  
High:  Lots of natural light, lots of arti"cial light, lots of green, many decorations. 
 
In this way, there cannot be spoken of a ‘real’ attribute, since the three levels under atmosphere are 
actually in fact stand-alone pro"les; combinations of four different attributes with three levels each. Also, 
this method does not allow for the different (sub)attributes to be presented separately to respondents, with 
the result that no statements can be made about the relative influence of these design characteristics on the 
preference for a particular profile.

• Van Bodegraven (2004) conducted a study in which consumers were asked to assess just the physical 
appearance of eight fictional shopping centers. In total, 42 respondents were asked to rate the profiles, 
using an adapted version of the Emocard diagram, developed by Desmet, Overbeeke & Tax (2001). 
Respondents had the possibility to choose from one of 16 icons that represent different emotional states, in 
terms of varying levels of pleasure and stimulation, in order to choose the card that best suits the emotion 
that a certain alternative evokes. A limitation of this study is that only six aspects of the built environment 
were taken into account: covering, materialization, curvature of the street, width of the street, presence of 
art, and presence of green. In addition to this, given the publication date, the extent to which the results of 
this study are still valid can be questioned, considering the fact that the Dutch retail market has undergone 
rapid and dramatic changes. It can also be argued that the visualization techniques that were available at 
the time of the study dealt with such limitations, that the images produced do not look very realistic (no 
simulation of natural lighting, small viewing angle, unclear materialization). 
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1.2 — Problem Description
The previous section shows that there is very little knowledge about the influence that different kinds of 
elements of retail environments have on the visual appeal of the whole in the eyes of today’s consumers. And 
it is exactly the way in which these design elements are combined, what determines whether or not a shopping 
center is regarded as being aesthetically attractive. The problem definition is as follows:

“What are the preferences of Dutch consumers regarding design characteristics of planned shopping 
centers in The Netherlands?”

This problem definition can be subdivided into the following research questions:

I.        “How are consumers affected in their behavior by the design characteristics of shopping      
           environments?”

II.      “How can consumers’ preferences for design characteristics of planned shopping centers in the             
            Netherlands most accurately be measured?”

III.     “Which physical characteristics of planned shopping centers in the Netherlands are preferred   
           among Dutch consumers?”

IV.      “What is the best presentation format for measuring consumers’ preferences regarding design     
            characteristics of shopping centers?”

1.3 — Research Purpose
The research objective is formulated as follows:

“To gain insight into the preferences of Dutch consumers regarding design characteristics of planned 
shopping centers in The Netherlands, in order to contribute to the knowledge on consumer experience in 
shopping centers in The Netherlands.”

The following is a sub-goal in this study:

“To determine and use the most suitable and capable format for the presentation of fictitious shopping 
streets, in order to increase the respondents’ imaginative power in the proposed situations, so as to 
enable them to thoughtfully state their preference with the most careful consideration.”

1.4 — Research Scope
This study aims to identify preferences of the Dutch consumers regarding shopping center design. Thus, the 
sample for the experiment is a reflection of the Dutch consumer population. In order to be able to discuss 
differences in preference structures between individuals, personal characteristics such as gender, age, place of 
residence, income, etc. are distributed as equally as possible.
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It should be noted that the relevant preferences are based on a recreational (non-food) shopping trip. The 
reason for this is that when visiting a shopping center purposefully or when doing errands, the physical 
appearance of the shopping center is subordinate to practical factors such as travel distance, price range, 
product supply, branching, parking and tenant mix. This study focuses on just a segment of the Dutch retail 
market; the planned shopping centers.

Definition ‘planned shopping center’:

“A retail location consisting of centrally owned or managed facilities. It is planned and operated as an 
entity, ringed by parking, and based on balanced tenancy” (KamCity, n.d.). 
Generally, this concerns district and neighbourhood centers (Locatus, 2008).

The reason for this, is that a planned shopping center is a cluster of newly developed shops within an 
architectural unity. This is mostly the case in district and neighbourhood shopping centers, and additions to 
or redevelopments of parts of the inner city shopping area. These kinds of shopping centers offer the highest 
flexibility of all types of retail areas regarding design aspects. Therefore, the results of this research will be most 
useful for planned shopping centers.

Limitations
Many shopping areas are integrated into existing situations and, therefore, subject to boundary conditions. It 
is therefore not realistic to state that the results of this study are completely applicable to any shopping center 
of choice. Moreover, no one shopping center is the same; there is a large variety of elements that comprise 
a shopping center. Because this study is limited in time and resources, just the most common and important 
elements as they occur in the Netherlands are included in the model.

1.5 — Relevance
Firstly, this research is relevant to market participants who engage in the (re-)development and / or additions 
to district or neighbourhood centers and main shopping areas. Understanding the preferences of the Dutch 
consumers allows them already at an early stage of (re-)development of a planned shopping center to take into 
account the needs and demands of the targeted consumer groups. This increases the chance of acceptance 
by shoppers, with probably higher visiting rates and consumer expenditures as a result. Because consumer 
surveys focused on visual aspects of shopping are scarce, and in some cases dated, the present study also offers 
excellent opportunities to explore what techniques that are available at present are most suitable for a study as 
such.

1.6 — Structure of Research
This thesis continues with a brief introduction on environmental psychology and consumer behavior in 
Chapter 2. Here it is examined how consumers perceive store environments and what the influences are of the 
physical characteristics of shopping streets on consumers’ shopping behavior.

Chapter 3 describes the research methodology. Firstly, the method that is most suitable for measuring consumer 
preferences is chosen and the way in which the required data should be collected is described. Next, the 
structure of the research model is illustrated. Finally, the most suitable visualization technique is chosen 
for the presentation of hypothetical shopping centers to the respondents. For this, the possibilities of both 
the technologies used in comparable studies as well as the techniques that have since been developed are 
examined.
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In Chapter 4, the research model is developed and prepared for data collection. First, the attributes are 
operationalized. To this end, an analysis is made of the most common appearances and building styles of 
planned shopping centers in The Netherlands. Subsequently, the different stages of the visualization process of 
the fictitious shopping centers are described. The chapter ends with the preparation of the data collection as 
well as the construction of the questionnaire.

Chapter 5 deals with the analysis of the collected data. First, the most appropriate method for the analysis of 
the collected data is chosen. The results that are discussed subsequently are then translated into the statements 
on consumer preferences.

The research is concluded in Chapter 6, starting with the evaluation of the results with respect to the proposed 
research questions from Chapter 1. Finally, recommendations are made for future research.　
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Theoretical Background

This chapter describes the way consumers are influenced by shopping center aspects. Section 2.1 shows a 
literature review on environmental psychology with regard to shopping centers and provides an outline of 
relevant external design characteristics. Subsequently, Section 2.2 describes the way consumers are influenced 
by shopping center design characteristics. This chapter provides answers to the following research question:

I.      “How are consumers affected in their behavior by the design characteristics of shopping 
          environments?”

2.1 — Consumer Behavior; Theoretical Background

The foremost and most obvious reason that people engage in a shopping activity is a continuous need for 
goods. This need is the core of consuming and also the main reason for existence of the retail business 
(Heinhuis, 2011).  

2.1.1 Shopping Motives   

This need for goods manifests typically in one of the two following shopping motives: hedonic (or recreational) 
and utilitarian, which are described by Lehtonen (1994; as cited in Irani & Hanzaee, 2011).
Utilitarian shopping is regarded as a means to an end and is most likely to include a deliberate purchase. As the 
trip that is made to a store or shopping center is planned, the shopping activity is driven by functional product 
aspects rather than buying impulses. Examples are microwaves, detergents, minivans, home security systems or 
personal computers. Hedonic shopping, on the other hand, serves as an end itself, in which a purchase is not 
necessarily part of the activity. It is often fueled by an impulse buying drive. Hedonic shopping is recreational 
and browsing-oriented by nature, emphasized by the fact that efficiency is not important and that a shopping 
trip as such does not have a clear beginning and end point. Products that are sought after on such a shopping 
trip are for fun, pleasure and excitement, and provide for experiential consumption. Examples are designer 
clothes, music, sports cars, luxury watches and chocolate. 
Though there are clear differences between both kinds of shopping activities, a shopping trip is almost never 
purely hedonic or utilitarian by nature; in most situations consumers pursue both hedonic and utilitarian values 
(Irani & Hanzaee, 2011; Khan, Dhar & Wertenbroch, 2004). For example, an individual who is looking for a 
pair of dress shoes, could intentionally choose to visit a certain shopping center because of the presence of high 
segment retail outlets.

Since the retail structure in the Netherlands is finely meshed, consumers have a reasonable amount of options 
to consider when it comes to deciding which shopping center to visit. For both kinds of aforementioned 
shopping motives there are usually several shopping centers in the neighborhood that are able to satisfy 
consumers in their shopping needs. As a result of the ongoing decrease of the total amount of free time 
consumers have at their disposal nowadays, it seems only logical that recreational shopping activities are 
subject to time pressure. This, in turn, results in consumers seeking to maximize their shopping trips (I&O 
Research, 2011). This does not mean that, e.g., consumers always tend to visit the most nearby shopping center 
in order to minimize the travel distance and travel time, leaving more time available for the main intended 
activity: shopping. Instead, a wide range of characteristics of shopping centers within a reasonable distance 
are weighed out and evaluated. For instance, consumers tend to be lead on the one hand by the size or 
attractiveness of a shopping center in a positive way, and on the other hand by the distance in a negative way 
(Heinhuis, 2011). 

2.1.2 Shopping Center Characteristics   

Gianotten (2008) divides the characteristics of modern shopping centers in The Netherlands into the following 
categories: supply of products and stores, facilities and services, unicity, ambiance, accessibility, parking, and 
supermarket supply.
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Supply includes the amount, size, quality and branching of stores, variety and price of products offered, and 
service. Facilities and services include leisure and entertainment, catering and food services. Unicity refers to 
the supply of special and surprising stores. Ambiance is comprised of a wide range of variables, such as: color, 
temperature, lighting, music, smell, crowding, tidiness and safety. Accessibility is defined by the distance and 
ease of access, e.g. proximity of public transportation nodes. Parking refers to the presence of sufficient parking 
space and the corresponding costs. 

All of these aspects have, in their own way, an influence on the consumer’s overall perception of a shopping 
center. SSM (2013) performed three surveys among Dutch consumers on the importance and perception of 
statements about shopping centers in 2003, 2008 and 2013. These statements all refer to one or more of the 
aforementioned aspects. The results are shown in Table 2.1. The importance columns present the consumers’ 
rankings of the characteristics in terms of which they regarded as the most important in a shopping center. The 
perception columns show the scores the consumers appointed to these aspects as a means of whether they find 
them to be in order.
It is worth noting that, apart from parking availability and tidiness, the top 10 is made up mostly of aspects 
related to the completeness and quality of the supply. This comes as no surprise, as this is regarded as the 
core quality of a shopping center and with that, the main indicator for customer satisfaction. Additional are 
the facilitating features such as parking (including tariffs), opening hours, safety, day care and accessibility, all 
of which tend to act as ‘dissatisfiers’: these aspects do not directly lead to greater customer satisfaction when 
they are adequate, but can lead to great dissatisfaction if not in order. Dissatisfaction in turn, can easily result 
in avoidance of the shopping center. Complementary aspects, such as leisure and entertainment, catering, and 
design and architecture, however can still lead to greater customer satisfaction and enhance the distinctive 
character of a shopping center (SSM, 2008, 2013).

Tabel 2.1 - Ranking of importance and perception of shopping center characteristics. 
    Adapted from SSM (2013, p. 40)

2013 2008 2003 Shopping center characteristic 2013 2008 2003

1 1 1 It is easily accessible 1 1 1
2 3 4 Here I can buy everything I need 9 12 13
3 2 2 It is clean and tidy 7 9 6
4 5 7 The product supply is complete 4 5 9
5 7 5 I receive sufficient services in the shops 6 7 5
6 10 16 Is close to home 3 4 4
7 12 3 Sufficient parking facilities 8 10 11
8 9 8 It is easy to find the way 2 3 2
9 6 12 There is a sufficient amount of shops 13 11 10

10 4 10 The shops are of decent quality 10 8 3
11 13 13 The atmosphere is pleasant 12 14 16
12 11 14 There is a good variety in shops 17 13 12
13 8 6 The service is good 11 2 8
14 14 9 The parking facilities are free of charge 25 24 20
15 18 15 The security is good 15 18 18
16 15 11 The lighting is good 5 6 5
17 17 17 It looks nice 14 15 14
18 16 19 Opening hours surpass 18:00 22 22 19
19 20 20 There are enough catering facilities 16 16 17
20 21 18 There are enough lowbudget shops 21 23 23
21 23 22 There are surprising shops 26 28 28
22 19 21 There are shops with special products 23 25 26
23 22 23 The design and architecture strikes the eye 18 19 21
24 25 26 Includes a warehouse 28 27 25
25 26 27 There is always something going on 24 26 27
26 29 25 Organises activities like events, etc. 20 22 22
27 24 24 Sufficient amount of commercial amenities 27 21 18
28 28 28 Mostly shops from commercial chains 19 17 15
29 27 30 Toilets etc. are present 32 32 32
30 30 29 Leisure facilities are present, e.g. a cinema 29 29 29
31 31 33 Lots of historical elements 31 30 31
32 32 31 Pleasant background music 30 31 30
33 33 32 Sporting facilities, e.g. swimming, fitness 33 33 33
34 34 34 Daycare facilities 34 34 34

Importance Perception
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2.1.3  Shopping experience

Since shopping centers in The Netherlands tend to become more and more similar in terms of products and 
services offered, it is explicable that consumers have an increasing demand for products and services that offer 
something extra (i.e., appeal emotionally); in order to reach consumers and to be attractive, shopping centers 
try to approach patrons in a way that they create unique experiences.
In order to understand the way experiences are created, it is important to establish that these are derived from 
an interactive context, in which personal circumstances (individual experiences and baggage), socio cultural 
aspects (interactions with other individuals, experiences within various groups and social classes) and the 
physical surroundings altogether define the value of the experience (as depicted in Figure 2.1). As such, the way 
people experience something depends on a wide range of elements (NRW, 2011).

A certain state of mind, however, can lead to two people interpreting the same experience in a completely 
different fashion (NRW, 2011).
This is explained by Hall (2006; as cited in Ghazzi, 2011), depicted graphically in Figure 2.2. The way 
individuals encounter a place and the behavior that follows from that, is greatly determined by their perception 
of the surroundings: information signals from the real world are picked up by their senses, and subsequently are 
transformed by the brain into a mental image of the place. It goes to show that no two individuals will create 
the same image of a certain place based on these signals:

The real world is the source of information which is then filtered through the five main perceptual 
receptors (taste, touch, smell, hearing and sight). In return this information makes sense according to an 
individual value system’ (Holloway & Hubbard 2001, p. 45). Each individual perceives therefore different 
things due to our own psychological mind and membership of a different social group (Ghazzi, 2011, 
p.24).
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Figuur 2.2:  

Het interactieve experience model

Falk en Dierking, 1992

bewerkt door NRW

De interactie tussen deze waarden beïnvloedt wat betekenis en zin heeft en waarde 
vertegenwoordigt en hoe de mens handelt. Daarmee kunnen verschillende waar-
desystemen tegelijkertijd actief zijn met daarbij telkens een omslagpunt. Na de net-
werkrevolutie ontstaat door co-creatie (zowel gericht op persoonlijke als sociaal-
culturele waarden) de experience revolutie waarna uiteindelijk het stadium van 
volledige engagement ontstaat.

De consument als veelkoppig monster

Om de consument beter te begrijpen is aandacht voor de verschillende contexten 
en de psychologische behoefte (waaronder beleving) van cruciaal belang. Een van 
oudsher veel gebruikte methode om vat te krijgen op de consument is een inde-
ling te maken in segmenten op basis van persoonskenmerken als leeftijd, geslacht, 
opleiding en inkomensniveau, ook wel bekend als de sociaal-demogra!sche inde-
ling. Echter, zoals hierboven is betoogd, spelen de laatste decennia psychologische 
behoeften een steeds belangrijker rol in het gedrag van consumenten. In sociaal 
demogra!sche indelingen wordt hier in beperkte mate aandacht aan besteed. Dit is 
dan ook de reden dat in de laatste decennia indelingen aan de hand van onderzoek 
naar waarden, normen en opvattingen steeds meer in zwang zijn geraakt. Op basis 
van zogenaamd psychogra!sch onderzoek hebben diverse bureaus in de jaren ’"# 
leefstijltyperingen ontwikkeld. Deze ‘leefstijlsegmenten’ worden vooral veel toe-
gepast in de woningmarkt. In de winkelmarkt is een leefstijlensegmentatie echter 
vaak lastig te maken omdat winkelgedrag zeer dynamisch is. Een keuze voor een 
woning wordt voor langere tijd gemaakt, terwijl beslissingen ten aanzien van het 
winkelen veel meer op de korte termijn gericht zijn. Het besluitvormingskader van 
de consument ten aanzien van winkelen is veel meer in beweging. 

De algemene trend van individualisering zorgt er bovendien voor dat ‘de consument’ 
minder gemakkelijk is onder te verdelen in segmenten. Er zijn niet alleen meer seg-
menten te onderscheiden, door de snelle ontwikkeling van de samenleving vinden er 
ook voortdurend veranderingen plaats binnen en tussen deze segmenten. 

Als reactie op de geconstateerde veranderingen in de samenleving zijn in de afge-
lopen jaren verbeteringen doorgevoerd in de psychogra!sche segmenteringsmo-
dellen. Diverse bureaus (waaronder Motivaction, Experian en Smartagent) voeren 

personal
context

social
context

physical
context

interactive
experience

Figure 2.1 - Interactive Experience Model.
Reprinted from NRW (2011, p. 13)

Figure 2.2 - Perception of the real world. 
Reprinted from Ghazzi (2011, p. 23).
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2.1.4  Environmental Psychology

The relationship between the physical environment and behavior is described further in the environmental 
psychology model developed by Mehrabian and Russell (1974; in Turley & Milliman, 2000), as shown in Figure 
2.3, which draws from the Stimulus – Organism – Response paradigm (S-O-R). In a retail context, this model 
assumes that the atmospheric elements that are present in a shopping center send out signals or stimuli (S), 
causing a consumer’s evaluation (O), leading to a behavioral response (R). This response is, as explained by 
Turley and Milliman (2000), expressed in one or two behaviors; approach or avoidance:

Approach behaviors are seen as positive responses to an environment such as a desire to stay in a 
particular facility and explore it. Avoidance behaviors include not wanting to stay in a store or to spend 
time looking or exploring it (Turley and Milliman, 2000, p. 193).

2.1.5  Pleasure, Arousal, Dominance

In this model, the emotional effects caused by consumer environments are captured in three dimensions: 
(dis-)pleasure (P), degree of arousal (A), and dominance (D). As Bitner (1992) describes, the emotional values 
that are measured on these dimensions can predict the response with respect to the environment.

For example, environments that elicit feelings of pleasure are likely to be ones where people want to 
spend time and money (Donovan and Rossiter, 1982; Mehrabian and Russell, 1974), whereas unpleasant 
environments are avoided. Similarly, arousing environments are viewed positively unless the excitement 
is combined with unpleasantness. That is, unpleasant environments that are also high in arousal (lots of 
stimulation, noise, confusion) are particularly avoided (Mehrabian and Russell, 1974, p. 63).

The dominance dimension represents the emotion of an individual “controlling as opposed to being controlled 
and being influential as opposed to be influenced. This may be increased by clear signage, or increased 
personal space (Bitner, 1992).” (Bohl, 2012, p. 16).
Summarized, all situations evoke emotional responses that can be described by means of combinations of the 
three aforementioned intertwined emotional states.

2.1.6  Atmospheric variables

Bitner (1992) developed a detailed framework describing the influence of environmental stimuli on consumer 
behavior (as well as employee behavior), that elaborates on the approach and avoidance paradigm. In this 
model, the stimuli are categorized into three environmental dimensions: Ambient Conditions (temperature, 
air quality, noise, music, odor, etc.), Space / Function (layout, equipment, furnishings, etc.) and Signs, Symbols 
& Artifacts (signage, personal artifacts, style of décor, etc.). These dimensions “include all of the objective 
physical factors that can be controlled by the firm [in this context: developers, center management, retailers] to 
enhance (or constrain) employee and customer actions.” (Bitner, 1992, p. 65).
Though, in a retail context, Ambient Conditions can relate to both internal and external settings. This is an 
important differentiation when shopping centers or streets are considered, since the environmental effects 
differ in the various stages of customers approaching a store. Moreover, the internal atmosphere (i.e., a store’s 
interior) is generally speaking more easily amendable than external factors (Bohl, 2012).

Figure 2.3 - The Mehrabian-Russell model of environmental influence.
Adapted from Richardson, Jain & Dick, 1996.

STIMULUS          ORGANISM             RESPONSE 
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Based upon a review of several studies on the 
influence of atmospheric stimuli in retail 
environments on consumers’ evaluations and 
behavioral responses, Berman and Evans (1995; as 
cited in Turley & Milliman, 2000) revised Bitner’s 
model and presented an even larger number of 
atmospheric variables, divided into four distinctive 
categories: Exterior of the Store, General Interior, 
Layout & Design and Point-of-Purchase and 
Decoration. In turn, Turley and Miliman (2000) 
expanded this list with an extra category: Human 
Variables. Table 2.2 shows the extensive listing of 
the variables that comprise the five aforementioned 
categories.
This classification of atmospheric cues serves as a 
resourceful aid for managers in their attempts of 
identifying and controlling important atmospheric 
elements of the retail environment.

The external variables have received limited 
attention in studies on consumer behavior, yet 
are very important, since the exterior is the first 
set of cues normally seen by a consumer. If these 
variables are not managed well, the rest of the 
atmosphere may not matter. These elements must 
be pleasing and induce approach behaviors for a 
retail store or service to be successful (Turley & 
Milliman, 2000, p. 195).

2.1.7  External Atmospheric Variables

The physical aspects of the shopping environment 
as introduced in section 1.1, refer to the variables 
included in category 1 in Table 1.2. Categories 2, 3 
and 4 are out of the scope of this study, since these 
refer to the interiors of the separate retail outlets 
that comprise the shopping center. These interiors 
are tied directly to the tenants, and therefore are 
no matter for stakeholders that engage in the (re)
development of shopping centers.
Although Crowding in the Human Variables category 
could be a debatable variable, since this is related 
to the dimensioning of the shopping center (which 
are linked to the variables in category 1) and 
accordingly influenceable by the aforementioned 
stakeholders, it is self-evident that the dimensioning 
of shopping centers take into account the expected 
amount of passers-by. Therefore, the human 
variables are left out as well.

194 J Busn Res L. W. Turley and R. E. Milliman
2000:49:193–211

Table 1. Atmospheric Variablesnumber of atmospheric stimuli, such as color, music, and
crowding, and noted their influence on evaluations (e.g. satis-

1. External variablesfaction and store image) and on a wide range of behavioral a. Exterior signs
responses such as time spent in the environment, sales, and b. Entrances
impulse buying. c. Exterior display windows

d. Height of buildingBerman and Evans (1995) divide atmospheric stimuli or
e. Size of buildingelements into four categories: the exterior of the store, the
f. Color of buildinggeneral interior, the layout and design variables, and the point- g. Surrounding stores

of-purchase and decoration variables. However, based upon h. Lawns and gardens
the findings in the literature stream that we discuss in this i. Address and location

j. Architectural stylearticle, the authors believe that a fifth category, human vari-
k. Surrounding areaables is needed to complete this typology. Table 1 provides
l. Parking availabilitya listing of the variables that comprise each of these five m. Congestion and traffic

categories. n. Exterior walls
The preceding classification of atmospheric cues presented 2. General interior variables

a. Flooring and carpetingby Berman and Evans, and as revised by the present authors,
b. Color schemesrepresents an attempt to create some organized and logical
c. Lightingstructure to the study of atmospheric variables thought to
d. Music

influence consumer behavior. It is also an attempt to impose e. P.A. usage
some managerial organization on atmospheric stimuli. This f. Scents

g. Tobacco smokeclassification allows managers to begin to identify and tailor
h. Width of aislesappropriate atmospheric elements in order to communicate a
i. Wall compositiondesired image or environment to a particular shopper segment j. Paint and wall paper

or target market and induce a desired result from shoppers. k. Ceiling composition
Thus, these atmospheric variables can be conceptualized l. Merchandise

m. Temperatureas stimuli leading to some cognitive affect within the individual
n. Cleanlinesswhich, in turn, leads to some behavioral response. As dis-

3. Layout and design variablescussed above, we have placed these stimuli into five basic
a. Space design and allocation

categories as shown in Figure 1. This depiction is a slightly b. Placement of merchandise
modified version of the original illustration used by Bitner c. Grouping of merchandise

d. Work station placement(1992) and is used here to illustrate the way store atmosphere
e. Placement of equipmentinfluences shopper behavior. Several factors in this figure are
f. Placement of cash registersnoteworthy. As can be seen, first, the physical environment g. Waiting areas

interacts with the characteristics of individuals to determine h. Waiting rooms
their response. Therefore, an atmosphere that produces a cer- i. Department locations

j. Traffic flowtain response in one individual or group of people at a given
k. Racks and casespoint in time may produce an entirely different response in
l. Waiting quesanother individual or group. For example, an atmosphere that m. Furniture

produces a positive response in teenagers may produce a n. Dead areas
negative response in older shoppers. Second, the store’s atmo- 4. Point-of-purchase and decoration variables

a. Point-of-purchase displayssphere influences both the customers and the store’s employ-
b. Signs and cardsees, who, in turn, through their interactions, influence each
c. Wall decorationsother. As can be seen from Figure 1, there are several possible d. Degrees and certificates

responses exhibited by the customers that can work collec- e. Pictures
tively or severally. f. Artwork

g. Product displays
h. Usage instructions
i. Price displaysThe Purpose of this Synthesis
j. Teletext

This article has a double purpose. First, we briefly review, then Human variables
a. Employee characteristicscompare and contrast the body of knowledge on consumer-
b. Employee uniformsrelated atmospheric effects, which have been published in the
c. Crowdingextant marketing literature. Second, and of equal importance, d. Customer characteristics

we identify common methodologies, major findings, and gaps e. Privacy
in the literature, which identify the opportunities for further

Table 2.2 - Atmospheric Variables.
    Reprinted from Turley & Milliman (2000).
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2.2 — The In!uence of Shopping Center Design on Consumer Behavior
It has been established that shopping center design characteristics indirectly influence consumer behavior. 
The foremost purpose of shopping center design is providing a pleasant environment for consumers to enjoy. 
In the case that an individual does not feel comfortable in a shopping environment, he or she is not likely to 
stay or return another time: “a good design contributes to desirable spending behavior, like a catalyst” (Bolt, 
1995; in Bodegraven, 2004, p. 26). With respect to this, the term ‘atmospherics’ had been introduced by Kotler 
(1973; as cited in Ng, 2003), as a way of designing buying environments that communicate a desired image 
or environment to a particular shopper segment or target market and induce a desired result from shoppers 
(Turley & Milliman, 2000).

Besides providing a pleasant environment, the design of a shopping center can project a sense of unity within a 
shopping center. This unity may be found in the use of uniformous storefronts or materials, for example, and is 
likely to increase the understandability and readability of a shopping center.
In line with this, a shopping center should be designed in such a way that it is distinguishable from other 
centers. The measure of recognisability of a shopping center stands in direct relation with the emotional state 
of the consumer and thus, influences his or her perceived image of the shopping center (Davies, 2002; in 
Bodegraven, 2004). Also, the atmosphere that arises from the design of a shopping center sends out an image 
to consumers. Consequently, this raises a certain expectation regarding the branching of the stores that the 
shopping center is comprised of. Thus, a well- considered design can be helpful in efforts to attract desired 
segments of shoppers. However, high-tech or modern architecture with corresponding materialization of a 
shopping center can result in avoidance behavior rather than approach behavior; design should fit in with the 
tenant mix, as the environment and the décor send out signals that indicate the presence of large expenditures 
and thus expectations of expensive products and services which can retain customers from visiting (and vice 
versa) (Davies & Ward, 2002; in Bodegraven, 2004).

Above all, design plays a supporting role to the retail mechanism within the shopping center. Besides that, 
design can be a resourceful aid in achieving a certain distinguishability by means of special architecture i.e., 
when a shopping center has the ambition to stand out above ‘rivaling’ centers in a competitive market (Bitner, 
1992). Generally speaking, consumers tend to seek an optimum between “the comfort of the unknown” and 
the “excitement of the new” (SSM, 2008, p.35): on the one hand, people prefer things they know and are 
comfortable with, while on the other hand they want to be challenged and experience new things to widen their 
horizon. Of course, the extent to which an individual is inclined to the one or the other, depends on personal 
characteristics and shopping motives. It makes sense that elderly are less attracted by new experiences and 
exciting environments, as opposed to younger individuals. Moreover, involvement with the shopping process 
plays an important role; individuals that are more involved in this activity usually appreciate new impressions.
Also, consumers that purposefully engage in a shopping activity tend to prefer a clear and straightforward 
environment with little variation. They plan their shopping trip out of convenience and do not want to be 
distraught from their goal. They do not want to spend more time than necessary in the shopping center. 
Consumers that are more action-oriented tend to look for a more inspiring, exciting and varied environment. 
For example, this is the case when they engage in a recreational shopping activity wherein not the purchase of 
a certain product stands central, but the shopping activity itself. Figure 2.4 shows a graphical representation of 
the relationship between stimulation from the shopping environment and consumer satisfaction.

The development of the curve shows that a lack of stimulation leads to boredom and low satisfaction, whereas 
a surplus of stimulation results in over-excitement or stress and thus, also a low satisfaction. The optimum per 
individual in this mechanism is defined by the personal characteristics and current state of mind and shopping 
motives. For someone that has a clearly defined purpose of a shopping activity, the figure will show a curve that 
is shifted more or less to the left side, implying that a lower level of stimulation is preferred. Of course, when 
someone engages in a recreational shopping activity, the curve will shift to the right side, implying that a higher 
level of stimulation is preferred (SSM, 2008).
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All in all, maintaining an attractive tenant mix aside, investments in the physical shopping environment are 
likely to have a great payoff in terms of e.g., shopping enjoyment, returning, spending money, browsing and 
exploration; positive (or approach) behaviors influenced by positive perceptions of the shopping environment. 
Naturally, the ability of the physical environment to influence consumer behavior and to create an image is 
limited, as in the end, consumers give more attention to factors such as pricing, advertising, added features 
and special promotions (Bitner, 1992; Wakefield & Baker, 2000). Moreover, the effect of interesting or special 
architecture wears off over time, as most consumers visit a new or revitalized shopping center out of curiosity, 
but in the end only return for the contents: the stores (Bodegraven, 2004).

2.3 — Chapter Summary
Individuals that engage in a shopping activity are typically driven by a combination of hedonic and utilitarian 
shopping motives. The former is explained as being impulsive, an end itself, with the emphasis on pleasure and 
the experiences encountered in the activity. The latter can be described as planned, a means to an end, with 
the emphasis on rationality and efficiency. No one shopping trip is purely of hedonic or utilitarian nature, but is 
rather made up of a combination of shopping values.
Consumers tend to be attracted more and more by shopping centers that offer unique experiences, which 
are derived from an interactive context, in which personal circumstances, socio-cultural aspects and physical 
surroundings define the value of the experience. The way individuals encounter a place and the behavior that 

Figure 2.4 - The relationship between emotional stimulation and consumer satisfaction. Reprinted from SSM (2013, p. 48)
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follows from that, is greatly determined by their perception of the surroundings: information signals from the 
real world are picked up by their senses, and subsequently are transformed by the brain into a mental image 
of the place. This process is described in the Mehrabian- Russell model of environmental influence (1974), 
which states that environmental stimuli cause emotional effects in three dimensions: (dis)pleasure, arousal 
and dominance. Every situation evokes a combination of these three emotional states, which results in either 
approach or avoidance behavior. Bitner (1992) designed a framework ‒ which has later been expanded in other 
studies - that captures a wide variety of atmospheric variables that have proven to be influential on consumer 
behavior. The so-called external atmospheric variables on this list are the subject of this study, since these 
capture the main design characteristics and appearances of shopping centers.
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This chapter provides an overview of the methods that are used for discovering consumers’ preferences 
regarding the design characteristics of shopping environments. Section 3.1 describes the preference 
measurement technique that is used in this study, which serves as the basis for the research design in Section 
3.2 and the specification of the model in Section 3.3. Section 3.4 covers the visualization technique that is used 
to present the alternatives. In Section 3.5 the data collection method is specified.

This study focuses on the external design characteristics of systematically planned shopping environments in 
The Netherlands that are measurable and influenceable by stakeholders and provides answers to the following 
research question:

II.      “How can consumers’ preferences for design characteristics of planned shopping centers in the      
           Netherlands most accurately be measured?”

3.1 — Measuring Consumers’ Preference Structures
A product or service can be regarded as a unique set of objectively measurable characteristics. Which attributes 
are of interest and to what extent, is decided by the consumer. When buying a product, normally a choice is to 
be made from several different alternatives. Only in a very few cases there is one product that is more attractive 
on all characteristics than competing products. Normally, the consumer will weigh out the products’ scores on 
the attributes that are relevant to him/her before the buying decision is made (Steenkamp, 1985).
In a similar fashion, a shopping center can be regarded as a unique set of design characteristics. Consumers’ 
approach and/or avoidance behavior is then determined by the perceived image of the various characteristics 
that comprise the shopping center in question. These perceptions follow from the consumers’ personal 
preferences, which differ from one individual to another.
For stakeholders engaged in the (re)development of systematically planned shopping centers, it is of high 
importance to discover the scores consumers assign to the various external design attributes. Asking consumers 
directly is not likely to yield satisfactory results, since the process of forming preferences takes place to a 
large extent in the sub- consciousness of the respondent (NRW, 2010); it has been established that it is easier 
for respondents to state which from a list of suggested attributes are the preferred instead of naming them 
themselves (Brown et al., 1996; in Breidert, Hahsler & Reutterer, 2006, p. 9).
In traditional consumer research, data is mostly collected from existing shopping centers. However, shopping 
centers comprise of a large range of attributes, and these attributes often correlate to some extent. This is 
illustrated by Oppewal & Timmermans (1999), who stated that: “for example, parking rates at shopping centers 
typically are correlated with the size of the shopping center, because inner-city shopping areas are the most 
expensive areas in which to park” (p. 46). Subsequently, it is difficult to determine the effects of the separate 
attributes of a shopping center on the evaluation of the constituent parts.

3.1.1  Choice Based Conjoint Analysis

Choice based conjoint analysis is a technique commonly used to tackle the aforementioned difficulties and is 
widely used in market research.
It is used to understand how consumers’ preferences are developed for products or services, so as to be able to 
formulate predictions about consumers’ attitudes towards new product or service concepts (Lambin, 2007).
Respondents are presented with a sequence of choice tasks - small sets of options - and are consequently 
asked to state which option they prefer. It allows individuals’ preference structures to be measured by means 
of systematically varying multiple attributes of, in this case, hypothetical shopping environments in an 
experimental design (Oppewal & Timmermans, 1999).
The attributes are considered as “a set of possible realizations, which are referred to as the attribute’s levels” 
(Breidert et al., 2006, pp. 9-10). Figure 3.1 shows an example of attributes with corresponding levels.
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The hypothetical alternatives ‒ or profiles, consisting of different combinations of attribute levels, are presented 
in a limited number of choice sets to respondents, who are subsequently asked to choose the most preferred 
option. When presented with such a choice task, respondents mentally associate a value to each attribute 
level (partial utility), which reflect their personal value system. When tasked with choosing the preferred 
option, respondents mentally combine the values of the attribute levels that are combined in the alternatives 
to determine the total utility of the alternatives and subsequently choose the option with the highest perceived 
utility (Lambin, 2007).
A choice set usually consists of between 2-4 alternatives, whether or not with a ‘no preference’ option included. 
An example of a choice task as such is shown in Figure 3.2.

used conjoint analysis to design a novel suburban luxury brand
outlet mall in South Korea.

This article is structured as follows. In the next section, an
overview of relevant attributes or characteristics of shopping
areas will be presented. In the subsequent section, we will explain
the selection of attributes used in this study. Then, in Section 4,
methodological aspects regarding the experiment to collect data
will be discussed. The model used to reveal the preferences will
be specified in Section 5 and the results of the estimation will be
presented in Section 6. Finally, in the last sections, conclusions
will be drawn, and managerial implications, limitations, and
suggestions for future research will be discussed.

2. Shopping centre attributes

Developing large shopping centres involves many decisions.
The mall must be in reach of sufficient potential customers and
the mall must be able to attract a sufficient number of customers
spending their money. Only if sales meet particular thresholds,
the mall may be profitable. Mejia and Benjamin (2002) reviewed
the literature in their search for determinants of shopping
centre sales. They distinguished spatial (like the shopping centre’s
market, building and site) and non-spatial factors (describing the
shopping centre’s character). The market consists of buyers
(demand) and sellers (supply) in a geographical area. Retail sales
are influenced by the spatial distribution of demand (population,
income, and demographic characteristics) and supply (competi-
tion, agglomeration, and distances). Regarding the site, both
accessibility and visibility may be relevant and regarding the
building, shopping centre size and design and retailer placement
within the shopping centre may affect retail sales. Retail image
(store image, store’s fashion and discount image, anchor retail
image) and retail mix (merchandise categories, substitute vs.
complementary retailers, chain stores vs. independent stores)
may be important non-spatial factors.

Sit et al. (2003) reviewed the literature from another point of
view. They reviewed studies examining shopping centre charac-
teristics affecting the image of shopping centres. Most of these
studies focused on four key attributes: merchandise (assortment,
quality, pricing, styling/fashion); accessibility, both macro (proxi-
mity of the centre from the customer’s place of work or residence,
condition of access roads) and micro (parking facilities, navigation
within the centre, trading hours); services consisting of personal
services (courtesy, knowledge and friendliness of personnel),
ambulance (escalators, elevators, sign boards), as well as ame-
nities (cleanliness, restrooms); and atmospherics (ambiance,
colour, décor, music and layout, air-conditioning, lighting). In
addition to these ‘‘big four’’ attributes, Sit et al. consider three
other attributes: entertainment, both specialty entertainment
(movie theatre, video arcade, game zone) and special event
entertainment (fashion shows, bridal fairs, exhibits); food (food
courts, cafés, restaurants, lunchrooms); security (safe place,
personal security, safe car park). Many characteristics listed above
can be found on the list of shopping centre features composed
by Bellenger et al. (1977), which were adopted or elaborated on
by others, e.g. Shim and Eastlick (1998) and Stoel et al. (2004).
Also Bell (1999), Teller and Reutterer (2008), and Teller and Elms
(2010) used many of these characteristics in their research.

Although the relevance of these attributes or characteristics
has been shown by various researchers (among others Wakefield
and Baker, 1998), questions regarding the preferred architectural
design style, layout, and entertainment facilities are still hard to
answer. This leaves many uninformed decisions to be taken by
developers and designers of shopping malls. However, there are a
few exceptions. In their study on consumer perception of public

space in shopping centres, Oppewal and Timmermans (1999)
investigated the effect of the compactness of the shopping area,
the proportion of pedestrianised area, levels of decorations and
furnishings, amount of greenery, number of cafés and restaurants
in the shopping area, and other variables. Also related to design
and layout is safety in shopping areas. Cozens et al. (2005)
reviewed the findings of place-based crime prevention research
and concluded that crime prevention through environmental
design (CPTED) is effective in reducing crime and fear of crime.
Design guidelines and criteria for various urban spaces, including
shopping centres, have been suggested (Cozens et al., 2008).

3. Selection of attributes

This article concentrates on decision variables relevant in the
first stages of developing a mega shopping centre. A set of
variables was selected from the attributes listed in the previous
section and based on opinions of industry experts (see Table 1).
For each variable (attribute), three levels were defined. The effects
of these attribute levels on shoppers’ preferences for mega
shopping centres will be investigated.

As mega shopping centres are likely to be located in the
periphery of urbanised areas, accessibility by car and public
transport should be guaranteed. Although accessibility can be

Table 1
Attributes and attribute levels.

Attribute Level Description

Accessibility by car A1 1 obstacle between highway exit and
shopping centre

A2 3 obstacles between highway exit and
shopping centre

A3 5 obstacles between highway exit and
shopping centre

Accessibility by public
transport

B1 First PT-stop at 3 min walking from
shopping centre

B2 First PT-stop at 6 min walking from
shopping centre

B3 First PT-stop at 9 min walking from
shopping centre

Parking tariff C1 Free parking
C2 h1.00 per hour
C3 h2.00 per hour

Length of main shopping
streets

D1 15 min walking
D2 30 min walking
D3 45 min walking

Type of shopping supply E1 Well known national chains
E2 Small to medium sized shops
E3 Specialized and exclusive shops

Type of anchor stores F1 Department store
F2 Mega electronics store
F3 Flagship store (fashion)

Type of traffic allowed G1 Pedestrians only
G2 Pedestrians and bicyclists
G3 All transport modes

Design style H1 Historical
H2 Modern
H3 Disney style

Scale of shopping streets I1 Many short and narrow shopping
streets

I2 Some long and wide shopping streets
I3 Mixture of both types

Type of entertainment
activities

J1 Passive, like a restaurant or a cinema
J2 Active, like a fun-fair or a bowling alley
J3 Mixture of both types of activities
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Figure 3.1 - Example of attributes with corresponding levels. 
Adapted from Borgers & Vosters (2011, p. 323)

in which shopping centre he/she was invited to participate in the
research project, and the preferred type of shopping centres for
recreational shopping (down town shopping centres, district
shopping centres, or other types of shopping centres). To encou-
rage participation, five gift coupons (h10.00 each) were raffled
among the participants. It was decided to recruit respondents
among shoppers in large shopping centres such as down town
shopping centres of Dutch cities and large peripheral shopping
centres. The down town shopping centre of Den Bosch and the
peripheral shopping centre Alexandrium, located in Rotterdam,
were chosen to recruit respondents. Both shopping centres attract
customers from a wide region. The down town shopping centre of
Den Bosch is one of the most popular down town shopping
centres in the Netherlands. Alexandrium is one of the largest
peripheral shopping centres in the Netherlands (see also Gorter
et al., 2003). In each shopping centre, respondents were recruited
during three days at the end of June and the beginning of July
2008. Weather conditions were fine. As the Alexandrium is an
indoor shopping centre and the down town of Den Bosch is an
open air shopping centre, rainy days might have reduced the
number of customers in Den Bosch. Customers were personally
asked whether they were willing to participate. If yes, their email-
addresses were registered. Next, these respondents were sent an
email inviting them to visit the website containing the question-
naire. Respondents not responding to the first invitation within
two to three weeks were sent a recall mail.

In total, 667 usable email-addresses were collected in the two
shopping centres. Eventually, 312 (47%) respondents completed the
online questionnaire. Table 2 lists some characteristics of the
respondents. Compared with national statistics regarding recrea-
tional shopping in 2006/2007 (Statistics Netherlands), the male–
female ratio is approximately representative, but the age category of

15–24 is overrepresented and the oldest category (over 65 years of
age) is underrepresented. The number of respondents recruited in
Den Bosch is higher than that in Rotterdam. This was expected as
relatively more shoppers in Den Bosch were willing to provide their
email-address. All pairs of characteristics (gender! age, gen-
der! location, and age! location) are independent of each other
according to Chi2-tests (if the 41–65 and 465 age categories are
merged). However, there is a significant difference between these
subsamples in terms of preferred type of shopping centre. For the
Alexandrium-sample, the ratio of down town centre–district centre
is approximately 50–50, while this ratio is about 85–15 for the Den
Bosch-sample. This may be attributed to the lack of attractive
district or out of town centres in the Den Bosch region.

Information about the characteristics: INFO

Characteristic Shopping centre 1 Shopping centre 2 

Accessibility by car 3 obstacles to the shopping 
centre 

5 obstacles to the shopping 
centre 

Accessibility by public transport First PT-stop at 6 minutes 
walking  

First PT-stop at 9 minutes 
walking 

Parking tariff !2.00 per hour !2.00 per hour 

Length of main shopping streets 30 minutes walking 45 minutes walking 

Type of shopping supply Specialized and exclusive  Specialized and exclusive  

Type of anchor stores Mega electronics store Department store 

Type of traffic allowed All transport modes Pedestrians only 

Architectural design style Disney style Disney style 

Scale of shopping streets Many short and narrow shopping 
streets

Mixture of short/narrow and 
long/wide streets 

Type of entertainment activities Mixture of both passive and 
active activities 

Mixture of both passive and 
active activities 

Which alternative do you prefer?  

O  shopping centre 1 O  shopping centre 2 O no preference 

Fig. 1. Example of a choice task.

Table 2
Respondents’ characteristics.

# % Statistics
Netherlands (%)a

Gender Male 88 29 32
Female 212 71 68
Unknown 12 –

Age 15–24 years 101 34 17
25–40 years 74 25 34
41–65 years 115 38 33
Older than 65 years 9 3 15
Unknown 13 –

Location of Alexandrium, Rotterdam 117 41
recruitment Down town, Den Bosch 167 59

Unknown 28 –

a Note that the age category 0–15 was excluded as children are usually
accompanied by adults.

A. Borgers, C. Vosters / Journal of Retailing and Consumer Services 18 (2011) 322–332 325

Figure 3.2 - Example of a choice task. 
Reprinted from Borgers & Vosters (2011, p. 325)
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The information derived from the consumers’ evaluations can then be used to rank the alternatives and to 
estimate the importance of the attributes that were used. This method aims to compute a scale on which the 
partial utilities are compared. These partial utilities describe the range from the least to the most preferred 
attribute level and combined they make up for the attribute’s total relative importance. Mostly this results in 
an interval scale for the set of items with no natural zero: an attribute level is preferred over another if it is 
assigned a higher number. The differences between the values on the scale represent a quantitative measure 
of preference, i.e. the larger the difference between items, the more one is preferred over another (Breidert 
et al., 2006; Taneva, 2008; Vag, 2007). With this information, a model of consumer judgments can be 
established which can be used to predict consumer acceptance of various combinations of attributes (Dijkstra & 
Timmermans, 1998).

In short, conjoint analysis is performed to find the following:
• The part worths of each level of each attribute that is used to construct the hypothetical shopping 

centers.
• The relative importances of each attribute in the overall evaluation of the hypothetical shopping 

environment.

A large advantage of conjoint analysis is that “the hypothetical alternatives are not restricted to participants’ 
current domains of experience”, and therefore “this approach allows one to obtain estimates that are efficient 
and that are not confounded with characteristics of the current real-world choice situation” (Oppewal & 
Timmermans, 1999, p. 47).
However, conjoint analysis has its limitations. When attributes are new to customers or the number of attributes 
to describe an alternative realistically is too large, it can be difficult to efficiently estimate preferences (Lambin, 
2007).

3.1.2  Attribute Speci!cation

As mentioned earlier, the attributes that are to be used in the conjoint choice experiment must be influenceable 
by stakeholders. Moreover, since this study is aimed at revealing consumer preferences regarding design 
characteristics of the main shopping environment, it follows that the concerning variables should only 
include those that are part of the area where people actually shop. Also, they should be of such a nature and 
dimensions, that they are suitable for a systematical variation in different alternatives. The variables provided 
in section 2.1.5 are not directly useable as attributes in a choice experiment, as most of the variables refer to 
elements that are either too vague, comprised of several sub-elements, or do not meet the requirements as 
stated earlier. Accordingly, this excludes the following variables: exterior signs (too small), entrances (indistinct), 
exterior display windows (not of concern to stakeholders), surrounding stores (branching is no subject of this 
study), lawns (very uncommon in Dutch shopping centers), address and location (not subject to change), 
surrounding area (not a apart of the main shopping environment), parking availability (no subject of this study), 
congestion and tra#c (not measurable in this experiment). Architecture is hard to define, as it is a synthesis of 
numerous aspects; not only materials and shapes, but also the spatiality and dimensioning.
This leaves the following variables: height of building, size of building, color of building, and exterior walls. 
However, these variables still can not be used directly as attributes. For example, height of buildings could be 
considered to vary in number of floors with a fixed height, but also a fixed number of floors with a variable 
height. Color of building and exterior walls refer to (parts of) the materialization of the building facades.
As such, complimentary literature research is performed to narrow down on attributes that are exclusive (not 
influenced by other objects/shapes) and thus, are suitable for systematic variation in a choice experiments. 
Bodegraven (2004) identified the (presence of a) roof to be of influence on consumer behavior, as well as the 
width of the street (varying widths), the oversight in a shopping street (as a product of curvature of the street), 
the materialisation (in the form of predefined schemes), and the presence of green and art. Except for art, since 
this is a very subjective element, all of these attributes are suitable for the experiment. Berkhof (2008) found 
the following relevant aspects to be of influence: dimension (width of the street), layout (curved or straight), 
materialisation, and presence of green.
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It appears that some of these attributes overlap in one way or another. Therefore, a set of planned shopping 
centers in The Netherlands is analyzed, in order to identify other design variables that are present in variying 
expressions in all planned shopping centers. The required information was derived from floor plans from 
books and shopping center websites, satellite images and photos. The resulting list of attributes and their 
corresponding levels are presented in Table 3.1. The 9 attributes in this table together describe the (typical) 
appearances, dimensions and furnishings as found in planned shopping centers in The Netherlands.

3.2 — Research Design
When setting up a conjoint choice experiment, a difficulty arises in deciding which profiles to present to the 
respondents. The most obvious solution would be to offer all possible combinations. A framework as such, 
a so called factorial design, allows for all main effects, first order and higher order interaction effects to be 
estimated. A main effect is the effect of an attribute level on the total preference without taking the other 
attribute levels in consideration. A first order interaction effect shows that the utility level of one attribute (A) 
is so high, that it influences the utility of another attribute’s (B) levels (sometimes even changing the order 
of preference of the levels of attribute B). Higher order interaction effects show three or more attributes to 
influence each other’s effects simultaneously.

Note: in traditional market research, with respect to interaction e$ects, the focus is set mainly on "rst 
order interactions, as higher order interactions seldomly are signi"cant and are di#cult to interpret.

Since the profiles in this study are comprised of 9 attributes of three levels each, in theory, 39, or 19.683 
different combinations are possible. Having such a high number of alternatives to be evaluated is impractical 
and in the light of available resources not feasible. It is possible however, to use a fraction of this amount of 
possible attribute combinations and efficiently estimate the preferences for the different attribute levels. This is 
done by using a fractional factorial design (Lambin, 2007; Steenkamp, 1985).

Attribute Level 1 Level 2 Level 3

A Curvature of the street None Slight Strong

B Width of the street 7.5 meters 10 meters 14 meters

C Height of ground floora
4 meters 5 meters 6 meters

D Number of floorsa
2 3 4

E Recession ground floorb
0 meters 1 meter 2 meters

F Roof None Awnings Complete

G Greenc
None Plants Trees

H Street furnishingsd
None Few Many

I Materialisatione
Warm Cool Dark

c) The materialisation schemes were derived from the shopping centers in the analysis.

Facades (bricks) Pavement (bricks)
Warm: Red Red
Cool: Yellow Yellow
Dark: Anthracite Dark grey

d) None: Nothing
Plants: Concrete containers with flowers, spaced out at 40 meters.
Trees: Concrete containers with trees, spaced out at 40 meters.

e) None: Nothing
Little: Lamp posts spaced out at 40 meters.
Many: Lamp posts, and benches with litter bins, spaced out at 20 meters.

The variable ‘height of building’ is decomposed into variations of the height of the ground floor and the 
number of floors (which have a fixed height).

a)

This attribute was added as it can very much influence the street profile and with that, the sense of 
spaciousness that arises from the proportions street. 

b)

Table 3.1 - The attributes and corresponding levels as used in this study.
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Fractional Factorial Design
A fractional factorial design allows for the use of a fraction of the total amount of theoretically possible profiles, 
while still being able to estimate the main and first order interaction effects. These so-called ‘basic pro"le 
schematics’, developed by Addelman (1962), consist of grids with varying amounts of columns that represent 
the attributes that make up the profiles. The amount of columns in a schematic defines the maximum number of 
attributes that can be used for this. The amount of rows defines the number of profiles that are to be evaluated. 
Consequently, a schematic consists of a collection of p × t numbers, which depict the attribute levels of the 
separate attributes. The number 0 refers to the first attribute level, 1 to the second level, and 2 to the third 
level (Lambin, 2007; Steenkamp, 1985). An example is provided in Figure 3.3.

The numbers in each row represent the attributes levels of the corresponding attributes. In the case of the 
example of Figure 3.3, row one consists of only zero’s. This means that in profile 1, all attributes assume the 
first level.

Within these schematics, the levels of the attributes do not exclude one another and they are not allowed to 
correlate (e.g., a full roof does not rule out the placement of trees). Moreover, the schematics are orthogonal, 
which means that every level of every attribute appears as often within the profiles that are developed; each 
pair of columns within a certain schematic meets the ‘proportionality condition’ (Placket, 1946; in Steetskamp, 
1985):

in which:
n =   number of profiles
ni.  =   number of occasions column 1 assumes level i, i = 1, 2, ... r
nj.  =   number of occasions column 2 assumes level j, j = 1, 2, ... s
nij  =    number of occasions column 1 assumes level i and column 2 assumes level j

This study requires a three-level design, or 3k factorial design, where k factors are considered at three 
levels each. Since the alternatives in this study are comprised of nine attributes, k = 9, which results in a 39 
factorial design. Basic profile schematic 6 (Appendix 1) facilitates the use of up to thirteen 3-level attributes, 
and is adapted accordingly for the nine attributes (Appendix 2). Consequently, the numeric encodings in 
this schematic are replaced with the corresponding levels from Table 3.2. This results in the 27 hypothetical 
shopping centers that are used for respondent evaluation.

0 0 0 0 0 0 0
0 0 0 1 1 1 1
0 1 1 0 0 1 1
0 1 1 1 1 0 0
1 0 1 0 1 0 1
1 0 1 1 0 1 0
1 1 0 0 1 1 0
1 1 0 1 0 0 1

� 
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w
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�   columns of attributes

Figure 3.3 - Example of a basic profile schematic.
Reprinted from Steenkamp (1985, p. 131)
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3.3 — Model Speci"cation
The data that is collected from the choice tasks are used to calculate the relative weights of the attributes. This 
is done by estimating a random utility choice model, which dictates that each alternative (i) has a utility (Ui ), 
consisting of a structural (Vi ) and a random (εi ) component:

Consequently, the structural component is a function of the characteristics (attribute levels) of the alternative: 

where Xik represents the score of alternative i on attribute k and βk is the weight of attribute k.
In this study, the alternatives are defined by combinations of 9 different attributes with three levels each. Since 
the levels themselves can be considered as different characteristics, dummy coding is required in order to be 
able to estimate the partial utilities of each attribute level. For this, each variable is replaced with two dummy 
variables: 18 dummy variables are needed to estimate all partial utilities. Table 3.3 shows an example of how 
an attribute with three levels is dummy coded.

A B C D E F G H I

1 None 7.5 m 4 m 2 0 m None None None Warm

2 None 7.5 m 4 m 2 1 m Awnings Trees Few Dark

3 None 7.5 m 4 m 2 2 m Complete Plants Many Cool

4 None 10 m 5 m 4 0 m None None Few Cool

5 None 10 m 5 m 4 1 m Awnings Trees Many Warm

6 None 10 m 5 m 4 2 m Complete Plants None Dark

7 None 14 m 6 m 3 0 m None None Many Dark

8 None 14 m 6 m 3 1 m Awnings Trees None Cool

9 None 14 m 6 m 3 2 m Complete Plants Few Warm

10 Slight 7.5 m 5 m 3 0 m Awnings Plants None Warm

11 Slight 7.5 m 5 m 3 1 m Complete None Few Dark

12 Slight 7.5 m 5 m 3 2 m None Trees Many Cool

13 Slight 10 m 6 m 2 0 m Awnings Plants Few Cool

14 Slight 10 m 6 m 2 1 m Complete None Many Warm

15 Slight 10 m 6 m 2 2 m None Trees None Dark

16 Slight 14 m 4 m 4 0 m Awnings Plants Many Dark

17 Slight 14 m 4 m 4 1 m Complete None None Cool

18 Slight 14 m 4 m 4 2 m None Trees Few Warm

19 Strong 7.5 m 6 m 4 0 m Complete Trees None Warm

20 Strong 7.5 m 6 m 4 1 m None Plants Few Dark

21 Strong 7.5 m 6 m 4 2 m Awnings None Many Cool

22 Strong 10 m 4 m 3 0 m Complete Trees Few Cool

23 Strong 10 m 4 m 3 1 m None Plants Many Warm

24 Strong 10 m 4 m 3 2 m Awnings None None Dark

25 Strong 14 m 5 m 2 0 m Complete Trees Many Dark

26 Strong 14 m 5 m 2 1 m None Plants None Cool

27 Strong 14 m 5 m 2 2 m Awnings None Few Warm

Pr
of

ile
 #

Curvature of 
the street

Width of the 
street

Height of the 
ground floor

Number of 
floors

Recession of 
ground floor Roof Green

Street 
furnishings Materialization

Table 3.2 - The 27 profiles with corresponding attribute levels.
 

(1)  �� � �� � ���  

(2) �� � ������� 

Table 3.3 - Example of the dummy coding of an attribute (number 2 in this example).
 

Level Value DUMMY 3 (��) DUMMY 4  (��)

1 7.5 meters 0 1
2 10 meters 1 0
3 14 meters 0 0
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From this example, it follows that the partial utilities of the first, second and third level of the second attribute 
are equal to β3 , β4 , and 0 respectively. That is, the parameters β1 to β18 represent the preferences for the 
first and second attribute levels with respect to the third attribute levels. These preferences are likely to differ 
between individuals, and therefore it is of interest to examine to what extent personal characteristics affect the 
utilities of the attribute levels. In this study, interaction effects for gender, age and size of place of residence are 
taken into account.
By assuming a Multinomial Logit Model (MNL), the parameters can be estimated by means of maximum 
likelihood estimation:

The likelihood of a set of data is the probability of obtaining that particular set of data, given the chosen 
probability distribution model. This expression contains the unknown model parameters. The values of 
these parameters that maximize the sample likelihood are known as the Maximum Likelihood Estimates 
(Croarkin & Tobias, n.d.)

The purpose of this calculation is to “find the parameters of the model that best explain the data in the sense 
of yielding the largest probability or likelihood of explaining the data” (Carey, 1998, p. 1). This is done by 
maximising the log-likelihood, since the logarithm is an increasing function.

The probability (pi ) that a certain alternative (i) will be chosen from a set by a certain individual is equal to:

which maximises the predicted probabilities of the chosen alternatives. Using the null-model (all parameters 
are equal to 0.0) as a reference model, a goodness-of-"t measure (Rho2) can be computed (Borgers & Vosters, 
2011). This value indicates how well the observed data fit the statistical model, and provides a measure of how 
well the outcomes are replicated by the statistical model, as a proportion of total variation of the outcomes 
explained by the model (Carey, 1998).

3.4 — Presentation of Alternatives
Typically, conjoint choice experiments are performed using paper and pencil. Alternatives are mostly described 
verbally, although in some occasions pictorial information is included (Dijkstra, van Leeuwen & Timmermans, 
2003). An example is shown in Figure 3.4.

It has been shown that the way in which information is presented to the respondents can be of influence on 
the process of decision making (Schkade & Kleinmuntz, 1994; in Singelenberg, Goetgeluk & Jansen, 2011). 
For example, when an attribute such as “architectural style” is expressed in levels as “modern”, “classical” or 
“experimental”, there is a chance at measurement errors since these styles might be interpreted differently by 
different people. In this case, it is beneficial to include an image (an example of which is shown in Figure 3.5).

(3) �� � ��� �� ���� ��������� 

Figure 3.4 - Example of a textually described alternative with additional pictorial information. 
Reprinted from Sethuraman, Kerin & Cron (2005, p. 604)
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With this, it is possible to include design, styling and aesthetic aspects that describe the characteristics of 
attribute levels. Subsequently, this enables respondents to better understand the hypothetical situations and 
thus make better, or ‘real’, choices. This, in turn, can lead to a more reliable measurement of attribute utilities 
and improve the predictive validity thereof (Dijkstra et al., 2003; Singelenberg et al., 2011).
Moreover, the use of images may enhance the realism of the profiles that are presented. Realism can be 
described as the degree to which the representation of the attributes resembles an actual product, or in this 
case, an environment (Loosschilder, Rosbergen, Vriens & Wittink, 1995; in Strebinger, Hoffmann, Schweiger 
& Otter, 2000). Images can convey more information that is relevant for the decision-making task than 
descriptions that are purely verbal. More information increases almost always the degree of realism in studies 
as such, and therefore pictorial representations can be regarded as being more realistic.
However, there are a few possible limitations to the use of including images in choice tasks. For instance, 
visualization of a hypothetical shopping environment may provide information that is irrelevant to the 
measurement task (Orzechowski, Arentze, Borgers & Timmermans, 2005; in Singelenberg et al., 2011); “images 
may show accidental characteristics that are not intended to be evaluated” (p. 159), such as brand names, 
storefront windows, people walking down the street, etc. These details are essential to visualizing a realistic 
shopping street, but can unintentionally draw the respondents’ attention and accordingly influence their 
evaluations. Also, when using images to visualize certain aspects, it is important to ensure that these images 
portray representative examples of the particular characteristics.

3.4.1  Computer Generated Images

In the context of this study, “pictorial stimuli are a crucial deciding factor” (Strebinger et al., 2000, p. 183), 
since the profiles that are evaluated have an inherent aesthetic value. They are regarded as (architectural) 
design alternatives of a systematically planned shopping center. In a simulation as such, it is important to 
produce impressions of alternatives as realistic as possible, which can be achieved by working with professional 
3D computer graphics software. Architectural modelling tools allow for the visualization of spaces both at 
the urban and building levels that are more accurate than traditional drawings or compositions of photos (an 
example of a computer generated scene is shown in Figure 3.6).

Figure 3.5 - Example of pictorial representations of design styles 
(Top left: “Conservative”, Top right: “Standard”, Bottom: “Modern”).

Reprinted from Warners (2010, pp. 70-71) 
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Virtual Reality
With the use of computer generated models, physical presence can be simulated in places in imagined worlds, a 
so-called Virtual Reality (VR): “a medium composed of interactive computer simulations... giving the feeling of 
being mentally immersed or present in the simulation (a virtual world)” (Sherman & Craig, 2003, p. 13).
In the context of this study, a 3-dimensional simulation technique as such may be of interest: users have an 
active involvement in VR, instead of being a passive observer. They become essential participants in the 
hypothetical environments with more freedom to explore it, as opposed to when static images are presented. 
Moreover, as behavioral aspects of the real world are imitated, e.g. by means of perspective and depth 
perception, simulations as such provide better insights in relationships between visual variables. Also, this 
technique allows users to focus on and explore details in a simulated environment, whereas static images 
only present a certain and limited view on a hypothetical environment. It is important that respondents 
have experience with virtual environments in order to be able to make full use of the technique (Dijkstra & 
Timmermans, 1998; Dijkstra, van Leeuwen & Timmermans, 2003). This should be of no concern, however, 
since 3D simulations are used widely over the internet and in movies nowadays (Singelenberg et al., 2011). 
Dijkstra et al. (2003) summarize the benefits of the use of virtual reality in architectural and real estate 
simulations:

1. A virtual environment is very convenient for exploring virtual objects;
2. Attributes are represented by virtual objects and will be presented from a number of different views;
3. A virtual reality system allows for a better representation of attributes, most likely increasing the 

reliability of the measurement.

3.4.2  Conjoint Analysis with VR

In this study, 3D CAD software will be used to model the 27 hypothetical shopping environments. Theoretically, 
it is then possible to place a camera anywhere in the model and render the environment into a panorama. 
Subsequently, respondents can explore this environment through the use of an online panorama-viewer. An 
example of the final product is shown in Figure 3.7. A simple click-and-drag in the interface allows respondents 
to look around.

Figure 3.6 - Example of a realistically looking computer generated impression (render) of a shopping center (Forum 
Rotterdam, by Multi Development). Retrieved from www.forumrotterdam.nl/design
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It has been decided to position the camera at eye level at one third of the length of the shopping street. 
The reason for this is that this way the potential of the virtual reality interface is utilized more than when 
the camera would be placed in the middle of the street which results in almost identical views in both 
directions. Placing the camera at one third results in greatly differing perspectives and depth perceptions of 
both directions. This gives respondents a better sense of presence and volume. A detailed description of the 
development of the model is given in Chapter 4.
As mentioned before, there have been several studies on the benefits of pictorial stimuli over verbal 
descriptions, and others mentioned potential benefits of virtual environments in architectural and real estate 
simulations (e.g.: Dijkstra et al., 2003; Oppewal & Timmermans, 1998; Strebinger et al., 2000). Since the 
hypothetical shopping environments used for the panoramas in the questionnaire for this research will already 
be modeled in 3D, it has been decided to render static images of the shopping streets as well and present them 
to different groups of respondents. The reason for this is that the consumer preference data gathered using 
static images and interactive panoramas is expected to differ; from the evidence it is likely that the results from 
the questionnaire with panoramas will deliver a more reliable model for estimating consumers’ preferences for 
external design characteristics of systematically planned shopping centers in The Netherlands.

The camera standpoint will be located at one third of the length of the shopping streets. Therefore, an 
additional two sets of images will be added to the panoramas; one set with the camera facing the short section 
of the shopping street and one set with the camera facing the long section of the street (as displayed in Figure 
3.8). This results in the following three groups:

1)      360° Panoramas;
2a)     Static images of the short side of the shopping street;
2b)     Static images of the long side of the shopping street.

Figure 3.7 - Example of different views of profile 23 from within the virtual reality interface.
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3.5 — Data Collection
As determined in section 3.2.1, there are 27 profiles required in order to be able to estimate the partial utilities 
of the 9 attributes. In order to keep the choice tasks simple, choice sets are composed of two hypothetical 
shopping environments as well as a ‘no preference’ option that can be chosen in case a respondent has no 
preference regarding either of the alternatives in the choice set (Borgers & Vosters, 2011). Subsequently, there 
are (27 × 26) ÷ 2 = 351 possible combinations of profiles, as shown in Appendix 3.
Evaluating alternatives in a VR environment most likely is a new approach for the majority of the respondents. 
In order to contain the non-response rate (due to fatigue, boredom or bewilderment), they are therefore 
presented 7 choice tasks each (Lambin, 2007). From this, it follows that each respondent evaluates just more 
than half of the total amount of profiles; two respondents are required to evaluate one whole set of 27 profiles.

3.5.1  Data collection methods

There are various methods that can be used to collect data for conjoint analysis purposes. Melles, Laumann and 
Holling (2000) distinguished between computer-aided and non-computer-aided, personal and non-personal, and 
visual and acoustic (Table 3.3). It seems fairly obvious that acoustic interviews are not suitable for this study, 
as visual representations are used in the questionnaire. Since for this study not only static images are used, but 
interactive panoramas as well, data collection is required to take place by means of a computer. This leaves 
the following methods: computer-aided personal interview (CAPI), disk-by-mail (DBM), and online interview 
(Melles et al., 2000).

For this study the online interview method is chosen, as the other methods have some rather large 
disadvantages; when large amounts of respondents are required, the CAPI method is very time consuming 
and the DBM method is very expensive. When conducting a choice experiment by means of an online 
questionnaire, a large quantity of respondents can be addressed in a short period of time against a relatively 
low cost.

1 2a 2b

1 
/ 3

2 
/ 3

360° panoramas static images static images

Figure 3.8 - A schematic description of the different presentation styles per group.
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Online data collection has other benefits, however. A comparison between web- and post-based multi-attribute 
preference data collection methods has established the former to show superior results in revealing attribute 
preferences in choice based conjoint analysis tasks. This difference can be explained by the fact that online 
respondents tend to focus on more attributes when making a choice between alternatives. This suggests a 
higher state of attention and involvement in a computer- aided questionnaire than in a pen-and-paper setting, 
based on literature on consumer involvement and man-computer interaction of Hoffman and Novak (1996; 
in Sethumaran et al., 2005). Higher involvement can be related to the novelty or high-tech nature of the 
medium/technique used, or from great familiarity with the internet. Also, as mentioned before, the extensive 
visualization capabilities of an internet-based survey play a significant role in this context:

This finding is consistent with the view that ’vividness’ in a computer-mediated environment magnifies 
attention and involvement (Hoffman and Novak, 1996), which, in turn, could amplify the relative 
importance of attributes that are best portrayed visually rather than through written descriptions. These 
explanations seem reasonable for the product category and attributes examined in this inquiry, or other 
investigations of technology-based products and features with a significant visual component (Sethumaran 
et al., 2005, p. 608).

3.5.2  Online Questionnaire

The questionnaire starts with an instruction consisting of some background information on the subject and 
the purpose of the questionnaire. This introductory text is shown in Appendix 4. After this introduction, the 
respondent was, as described before, presented with seven sets of choice tasks consisting of two alternatives 
each (an example is shown in Appendix 5).
Respondents from group 1 had the possibility to look around the panoramic views in each alternative, while 
respondents from groups 2a and 2b could only look at the images as they were presented.

!e online survey environment was constructed in collaboration with research experts from GfK 
Panel Services Benelux, a large research company active in over 100 markets. GfK also distributed the 
survey, through their online portal with a vast and representative database of consumers from all over 
!e Netherlands.

3.5.3  Sample Size

It is recommended to use a sample size of at least 385 respondents to be able to derive statistically valid 
conclusions. This follows from the fact that around this number of respondents the reduction in margin 
of sampling error starts to decrease. A number of around 385 results in a margin of error of 5%, which is 
reasonable to be able to measure statistically significant differences. The development of the margin of sampling 
error relative to sampling size is shown graphically in Figure 3.9 (Murray, 2012).

visual

acoustic

visual

acoustic
non-personal

personal

disk-by-mail (DBM), online-

interview
traditional mail survey

computeraided telephone-

interview (CATI)
telephone-interview

computeraided non-computeraided

computeraided personal 

interview (CAPI)

personal paper-and-pencil-

task

(personal interview)

Table 3.3 - Methods of collecting multi-attributive judgments in conjoint analysis.
    Reprinted from Melles et al. (2000, p. 2)



41P. Botter Master Thesis

Research Methodology

Considering each respondent to evaluate 7 choice tasks, the use of 385 respondents would result in a total of 
385 × 7 = 2,695 evaluations per sub-group. As there are 351 possible choice tasks, this would lead to each 
task to be evaluated 2,695 ÷ 351 = 7.68 times. However, it is not possible to evaluate a choice task partially, 
therefore this implies that some will be evaluated 7 times, and others 8 times. The obvious approach is now to 
set the number of total evaluations per choice task equally, at 8. Accordingly, this produces 351 × 8 = 2,808 
evaluations per sub-group. Separated into sets of 7 choice tasks per respondent, this leads to a required amount 
of 2,808 ÷ 7 = 401 respondents per sub-group. GfK expected the response rate on their online questionnaires 
to be somewhere between 70-75%. In order to eliminate the chance of having too few usable responses due to 
faulty and/or unlikely answers for instance, the minimum required amount of 401 respondents is doubled to 
802 respondents per sub- group.

Randomization
Since 802 respondents are addressed per sub-group, who each evaluate 7 choice sets of 2 alternatives, there 
are 5,614 total combinations per sub-group. There are 351 possible combinations, so accordingly the list as 
shown in Appendix 6 is to be copied 16 times. Subsequently, this list is randomized so that each respondent is 
assigned a unique set of 7 choice tasks. Furthermore, the original list of Appendix 6 is composed in such a way, 
that e.g., alternative 1 only appears in column B, and thus is always displayed as the first alternative; at the top 
of the respondents’ screen. As people might have a natural tendency to choose either the first or the second 
option in a set consisting of two alternatives, the position of the alternatives as they appear on the respondents’ 
screen in the online questionnaire is randomized as well (between columns B and C).

3.5.4  Respondents’ Characteristics

In total, 2,406 respondents were addressed in the online questionnaire in June 2013, divided into three groups 
of 802 each. After removing faulty and unlikely responses, the following response rates were found:

• Group 1:  571 respondents completed the questionnaire, of which 503 were usable;
• Group 2a:  614 respondents completed the questionnaire, of which 574 were usable;
• Group 2b:  638 respondents completed the questionnaire, of which 595 were usable.

These amounts correspond with the following net response rates: group 1 – 63%, group 2a – 77% and 
group 2b – 74%. Table 3.4 shows the respondents’ characteristics per group. Since these data are not 
completely representative for the Dutch shopping population, weighting factors, supplied by GfK, have been 
applied in order to level these differences in the data analysis stage.

Figure 3.9 - Distribution of margin of sampling errors for a range of sample sizes. 
     Reprinted from Murray (2012, p. 15)
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3.6 — Chapter Summary
In order to measure Dutch consumers’ preference structures regarding systematically planned shopping centers 
in The Netherlands, a choice based conjoint analysis is performed. For this, a fractional factorial design is 
constructed consisting of 27 profiles or, as in this study, hypothetical shopping environments, decomposed into 
nine attributes with three levels each. These profiles are visualized using architectural modelling software and 
subsequently rendered as both interactive panoramas and static images, the latter divided into two subsets. 
Logically, this reflects on the sample size, as this results in three sets of 27 profiles to be evaluated. Accordingly, 
three sub-groups of 802 respondents each are addressed to participate in an online questionnaire, which 
has been constructed in collaboration with, and distributed by GfK Panel Services Benelux. In this survey, 
respondents are presented seven unique choice tasks each consisting of two alternatives and a “no preference” 
option. Subsequently, they are asked to choose one option. The respondents are a representative sample of the 
shopping population in The Netherlands.

CBS
# % # % # % %

503 574 595

Male 252 50 274 48 272 46 49.5
Female 251 50 300 52 323 54 50.5

18-24 53 11 59 10 66 11 8.7
25-40 131 26 138 24 142 24 19.7
41-65 233 46 276 48 281 47 35.5

over 65 86 17 101 18 106 18 15.5

under 20.000 62 12 86 15 71 12
20.000-100.000 341 68 321 56 349 59

over 100.000 100 20 167 29 175 29

Group 1 Group 2a Group 2b

Size of place of 
residence

Age

Gender

Total

Table 3.4 - Respondents’ characteristics per group.
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This chapter describes the process to create photorealistic images from the alternatives as described in Table 
3.2. Section 4.1 covers the technique that is used to create a virtual environment that contains geometrical data 
derived from the attributes defined earlier. Section 4.2 describes the process of modelling and texturing of the 
alternatives, and subsequently the conversion into panoramic images. This chapter provides answers for the 
following research question (subsequent to chapter 3):

II.       “How can consumers’ preferences for design characteristics of planned shopping centers in the     
            Netherlands most accurately be measured?”

4.1 — Programming the Alternatives
As has been determined in Chapter 3, a fractional factorial design with a total of 27 profiles serves as the basis 
of the conjoint study in this research. The research design has orthogonal properties, which means that levels 
of the 9 attributes that comprise the profiles are mutually independent. Primarily, this means that if the level of 
one attribute is changed, this should not affect the appearance of any of the other attributes. However, in the 
context of this research, this works out slightly different. The attributes that are researched in this study, have 
properties that have to do with presence or absence, shape and position of objects; a significant difference with 
e.g., a study on consumers’ willingness-to-pay for mobile phones, where characteristics such as price, weight 
and functions are subjects of research.
As the profiles are translated into representations of real world situations, shapes and positions of objects follow 
automatically from other (defining) characteristics. For instance, if in certain cases the level of an attribute 
is changed, the appearance of one or more attributes is affected indeed. This could happen with a change of 
Attribute 1: Curvature of the street, which may indirectly affect the appearance of Attribute 6: Roof; if a profile 
has a curved street, this obviously has consequences for the shape of the roof or awning (if present). Still, it is 
assumed that all effects caused by a curved street are measured by the first attribute.
Apart from the nine main characteristics that define the base appearance of a shopping street, there are other 
complementary elements that are essential in creating a realistic simulation of a real world situation; window-
frames, signboards, entrances, display windows, people, etc. The (relative) placement of these objects is 
dependent upon the size and shape of the main defining characteristics.

4.1.1  Parametric-Associative Modelling

Considering the fact that many elements in a profile are interdependent, it was decided to program the 
environment by means of a parametric design. The underlying logic of this technique is explained by Khabazi 
(2010):

To work with complex objects, a design process usually starts from a very simple first level and then other 
layers are added; complex forms are comprised of different hierarchies, each associated with its own logic 
and details. These levels are also interconnected and their members affect each other and in that sense 
this method is called ‘Associative’ (p. 3).

In this method, design elements or objects are defined by geometric data step-by-step in different hierarchies. 
At each level, there are some parameters that are used as an input or generator for other elements in the next 
level: “so basically the end point of one curve could be the center point of another circle and any change in the 
curve would change the circle accordingly” (Khabazi, 2010, p. 3). This process continues until the whole model 
is produced, resulting in a vast amount of data to be calculated.
One of the greatest advantages of this approach, is that all of the geometries within the model can be easily 
adjusted afterwards. All elements can be accessed from the starting point up to the smallest of details. Since the 
model is basically created by means of an algorithm, a change of the input parameters will result in an update 
of the geometric data of the associated elements accordingly: “It is now possible to digitally sketch a model 
and generate hundreds of variations of a project by adjusting very basic geometrical parameters” (Khabazi, 
2010, p.4). In the context of this study, this means that when one attribute’s level is changed, the shape and 
placement of all (associated) elements is changed accordingly.



46 P. Botter Master Thesis

Model Development

Grasshopper
The software that is used for the programming of the model is a plug-in called Grasshopper, designed to run in 
the commercial 3D modeling software Rhinoceros 4.0 (or: Rhino3D). The interface of Grasshopper consists of 
two main parts: the Canvas and the Object panels. The Canvas is the workspace in which Objects are placed 
and connected by dragging a wire from an output of one Object to an input of another Object. Objects come in 
two main types. Parameters contain data, and thus store information of different kinds (e.g., x-y-z-coordinates 
of points in Euclidean space). Components perform actions, and thus use the incoming data to do something 
(e.g., draw a line between the aforementioned points). A set of Objects is called a de"nition, an example of 
which is shown in Figure 4.1.

The power of this method becomes apparent in the example shown in Figure 4.2. This shows various twisted 
floor variations within a predefined building shape. These versions are created by changing one single 
parameter which defines the total rotational angle between the lowest and top floor.

4.1.2 Programming of the Model

Building on the acquired knowledge on parametric modelling with Grasshopper, the top-down style 
programming of the model initially deals with basic defining elements such as floors, walls and the fronts of the 
buildings. Later on, details are added to these elements so as to create window-frames, placeholders for store 
logos, awnings, etc. Finally, placeholders are added to establish the positions where trees, benches and people 
are to be positioned in the architectural modelling software (as explained in section 4.2.1).

Figure 4.1 - Example of a simple solution in Grasshopper (Miller, 2013).
Right: part of the Canvas with Point Parameters and Line Components. Left: the resulting geometry.

Figure 4.2 - Twisted floor variations within a predefined building shape (Miller, 2013).
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Advantages of the use of this technique in combination with conjoint analysis become even more apparent, as 
in the course of the programming process evaluations can be made of almost the entire shape and size of the 
shopping street. In the model used for this study not only the rough outline of the shopping street, but even 
the smallest details can be adjusted afterwards. The final Grasshopper solution can be found in Appendix 7. 
Appendix 8 shows a few examples that illustrate some of the possible effects that can be achieved in this model.

Minor details such as the thickness of window-frames, the width and height of windows, the division of the 
store fronts and the appearance (grid) of the awnings and roof are chosen in such a way that together they form 
a realistic representation of a real-world shopping street. Subsequently, all adjustable input parameters that are 
linked to the attributes are set at the levels corresponding with the profiles as shown in Table 3.2. 

4.2 — Architectural Modelling and Rendering
The output generated from the Grasshopper solution only contains geometrical information of design elements 
in the form of points, lines and planes in space. Preparatory to creating a realistic rendering of a shopping 
environment, this information needs to be transformed into solid shapes to which textures and lighting can be 
applied. 

4.2.1 Modelling

The transformation as described is done by ‘baking’ the solution in Rhino3D so as to create solid geometries. 
The 27 scenes are exported from Rhino3D (Figure 4.3) into a readable format for Autodesk 3D Studio Max 9 for 
further texturing, modelling and rendering.

Applying textures
After importing the objects in 3DSMax (Figure 4.4), textures can be applied. The focus is on large elements, 
such as pavements and store facades, which together comprise Attribute 9: Materialization, and are defined in 
Table 3.1. Figure 4.5 shows the combinations of textures that represent the three attribute levels.

Figure 4.3 - Flat shaded version with no lighting and textures of profile 19 based on geometrical data from Grasshopper.
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It was decided to keep the appearance of most design elements rather simple to not draw unnecessary 
attention. E.g., window-frames, benches, and placeholders for store logos are done in semi-gloss black 
aluminum, litter bins and lamp posts in grey metal, flower and tree containers in light-grey concrete, etc. 
(Figure 4.6). Furthermore, there are elements that require a higher level of detail in order to look realistic, such 
as people, store displays and logos, and trees (Figure 4.7).

Figure 4.4 - Solid elements (profile 19) in 3DSMax.

Figure 4.5 - Texture combinations as defined in Attribute 9: Materialization. Top: facades. Bottom: pavements.
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Lighting and camera
Lighting can be of great influence on the overall atmosphere of a scene, regardless the context. In order to 
portray an environment as realistic as possible, it was decided to simulate a bright mid-summer sky in The 
Netherlands at 14:00. This ensures sufficient direct and indirect lighting of the scene, with drop shadows which 
may aid in the estimation of sizes and shapes in the environment. 

Figure 4.6 - Design elements with simple appearance.

Figure 4.7 - Design elements with high level of detail (trees, people, store displays, pavement and façades)
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As mentioned in section 3.4.2, the camera is positioned at one-third of the length of the shopping streets, at 
eye-height (estimated at 1.60m). Moreover, the camera is shifted from the central axis so that elements that are 
placed in the center of the street remain visible, even at greater distances from the viewing position.

4.2.2 Rendering

At this stage, all profiles are ready to be set up for rendering - the generation of an image from a digital model. 
This is done with a 3D Studio Max plugin called V-Ray (version 2.0). V-Ray is third-party rendering software 
which is known for its advanced techniques used to create more photo-realistic renders, as lighting effects are 
emulated in a way that is almost true-to-life. 
The size of the final renders is based on a report on average screen resolutions of desktop computer users 
in The Netherlands in December 2012 from independent web analytics company StatCounter. It shows that 
1366x768 pixels (px) is the most used screen resolution at present with 20.4%, followed by 1920x1080 px with 
12.6% and 1280x800 px with 9.5%. From this it follows that the large majority of Dutch computer-owners are 
able to view relatively large images with high levels of detail on their computer screens (StatCounter, 2012). 
After experimentation with different focal lengths of the camera, an aspect ratio of 2:1 is used to create images 
of 1000x500 px. An example is shown in Figure 4.8. A complete overview of the 27 rendered profiles is shown 
in Appendix 9.

Panoramic Images
There are several types of panoramic images, each with different characteristics: cylinder, (full) sphere, sky 
dome and cube (examples are shown in Figure 4.9). 

• A cylindrical panorama is intended to be viewed as if it is rolled up on the inside of a cylinder and 
thus, is restricted to a field of view that is centered on the horizon.

• A spherical panorama represents exactly 360° on the vertical axis and 180° on the horizontal axis. 
Unlike cylindrical images, the top and bottom regions of the field of view are distorted and seem to 
be squashed.

• A sky dome panorama, as the name suggests, provides a view on the top hemisphere of a scene, 
commonly used for planetarium and dome projections.

• A cube panorama contains six separate cube faces which, in themselves, are planar images, with no 
perspective distortion. 

Figure 4.8 - Final render of profile 19
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The cube method is an efficient format for panoramic images, and accordingly optimal for web-applications 
(Rigg, n.d.). Therefore it is the most suitable option for this study, as the questionnaire is conducted online. 
Panoramic images can be viewed in web browsers with the use of a wide variety of small Java- or Adobe Flash-
based web-applications, which allow users to navigate within the virtual environment and look around to one’s 
liking. 

The approach requires capturing 360° views ‒ or so-called equirectangular projections (as shown in Figure 4.10) 
- of the virtual environments from the camera standpoint into flat images (Pixelsonic, 2011). In order to ensure 
graphic quality, the scenes were rendered into 5000 × 2500 px JPEG images.

Subsequently, these equirectangular images are ‘folded’ into a cube with Garden Gnome Pano2VR, and 
converted into a format that is suitable for use online. The file format of choice is Adobe Flash 9/10 (*.swf), as 
this is accessible by 99% of all Internet users worldwide across different operating systems (Adobe, 2011). 
The panoramas are programmed to slowly and simultaneously auto-rotate with 8.5° per second after a two 
second delay, so as to allow respondents to view the whole of both environments at the same time without 
doing anything. Respondents can intervene however, by clicking on a panorama frame and dragging the 
(virtual) camera to any point within the virtual environment. Unfortunately, this is only possible for one 
panorama at a time. After releasing the mouse, the camera will continue with the predefined rotation.

Figure 4.9 - Different types of panoramic images (Rigg, n.d.)
Left: cylindrical - Center: (full) sphere - Right: cube.

Figure 4.10 - Equirectangular projection of profile 19
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Although the complete environment was rendered, the horizontal rotational angle of the camera was limited to 
approximately 200°; when the camera reaches one of the boundaries, the rotational motion is reversed. This 
was done so that in case a respondent does not intervene, he or she will not end up spending a large portion of 
the time (approx. one-third) watching nothing more than a store façade (next to the camera’s position). 

The vertical rotational angle was limited as well, ranging from -35° (from the horizon downwards, to prevent 
respondents from spending time watching unimportant parts of the scene) to +80° (from the horizon upwards, 
to allow respondents to look at the awning or roof, if present). 
The panoramas are shown in Appendix 10. 

4.3 — Chapter Summary
In order to create a realistically looking shopping environment, the virtual model must contain a wide variety 
of elements; ranging from walls and floors to store logo containers. Since a large amount of these elements are 
interdependent, even more so when considering changing some defining attribute levels (e.g., curvature of the 
street), it was chosen to program the virtual shopping center by means of parametric-associative modelling in 
Grasshopper, a plugin for the 3D modelling software Rhino3D 4.0. A great advantage of this approach is that 
all of the geometries within the model can be easily adjusted afterwards. Subsequently, the geometry data is 
imported into 3D Studio Max 9 and transformed into solid elements, which allows for the application of textures 
created from real-world objects. After setting up the camera and lighting of the scenes, two sets of 27 still 
images were rendered for presentation to respondent groups 2a and 2b. For the creation of the panoramas, the 
cube method was chosen; an efficient format for displaying panoramic images online, containing six separate 
cube faces. For this, 360° images of the 27 scenes are ‘folded’ into the inside of a cube with Garden Gnome 
Pano2VR, and converted into the Adobe Flash 9/10 format (*.swf) for display in web browsers. By clicking on a 
panorama frame and dragging the virtual camera around, respondents can look around to their liking. Also, the 
panoramas in each choice task are programmed to simultaneously auto-rotate back and forth within restricted 
rotational angles, which prevent respondents to look at unimportant parts of the scenes.
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In this chapter, the data that was collected as described in chapters 3 and 4, is analyzed and discussed. 
Section 1 covers the methods used to statistically estimate the part-worth utilities for each attributelevel. In 
Section 2, the results from this process are reported and explained. The implications of the different formats to 
present the alternatives used in this study on consumer research as such are discussed as well. This chapter 
provides answers to the following research questions:

III.      “Which physical characteristics of planned shopping centers in the Netherlands are preferred among               
Dutch consumers?”

5.1 — Model Estimation
As introduced in Section 3.3, the structural utility for each of the choice alternatives is defined by equation 
(2). The parameters β1 to β18, as well as parameters measuring contrast effects were estimated by Nlogit 4.0 
(Greene, 2007).
In order to measure interaction effects between attributes and respondents’ characteristics, contrast effects 
are introduced which are to show differences between subsamples of gender, age and size of municipality, 
if present. For the first subsample, X-variables are copied into Z-variables, while for the second subsample, 
negative values of the X-variables are copied into Z-variables. For the middle subsamples of age and size of 
municipality, the contrast effects are set to equal zero. This is done for the 18 main effect parameters as well as 
the ‘No preference’ parameter, which is measured by the constant (which is equal to 1 for the ‘no preference’-
alternative and 0 for the other alternatives in the choice set). 
This results in the following interaction variables: 
gender (females: Zik,gender = -Xik;   males: Zik,gender = Xik), age (18 - 35 years: Zik,age = -Xik;   35 - 55 years: 
Zik,age = 0;   over 55 years: Zik,age = Xik), and size of municipality (under 50.000 residents: 
Zik,size = -Xik;   50.000 ‒ 100.000 residents: Zik,size = 0; over 100.000 residents: Zik,size = Xik).

The multinomial logit model (MNL) assumes taste homogeneity, which means that there is no taste variation 
among the respondents. In order to test for taste heterogeneity among respondents, a random parameter logit 
model, or mixed logit model (ML) is to be estimated. A random parameter model assumes that respondents can 
share the same kind of preference structure, but that they may vary in terms of weights that are attached to the 
different attribute levels:

Such taste differentiation is captured by estimating a distribution for each β-parameter of the utility 
function. For each β-parameter, a normally distributed random component (υk) is added with mean 0.0 
and standard deviation (σk ). The standard deviation will be estimated in addition to the mean effect (βk ) 
(Borgers & Vosters, 2011, p. 326).

In a mixed logit model, choice probabilities are evaluated numerically through simulation, by repeatedly 
applying a multinomial logit model. Random numbers are drawn for the random variables R times for each 
individual, in order to calculate the individual choice probabilities. Subsequently, the probabilities are averaged 
for each alternative. Normally, a very high amount of random numbers is required to be drawn in order to 
achieve an accurate estimation, resulting in long calculation times. To reduce the number of draws needed for 
the estimation of a mixed logit model, a Halton sequence can be used (Train, 1999). A Halton sequence is a 
deterministic sequence of numbers that produces evenly spaced draws from the unit interval [0,1] based on a 
particular prime number. This technique allows for the use of around one tenth of the number of draws (R/10), 
and achieves an estimation at least equally effective as a normal random sequence with the R draws (Borgers & 
Vosters, 2011; Phaneuf, 2012; Train, 1999). The assumption of taste homogeneity under the multinomial logit 
model is regarded to be invalid, in case the random parameter model shows one or more standard deviations 
that significantly differ from zero (Borgers & Vosters, 2011).
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Estimation
First, a multinomial logit model is used to remove the parameters with the highest values for significance 
P[ |Z| > z ] for each respondent group. After the first run, parameters that show a significance of P > 0.8 are 
removed from the model. The threshold is then gradually lowered until only parameters with P < 0.25 remain.
These parameters are subsequently used as input for the estimation of a random parameter model for each 
respondent group, with ( R=750 ) Halton draws. For each parameter (β), the standard deviation (σk) of a 
normally distributed random component (υk) is calculated. Similar to the earlier MNL-estimation, this is also 
performed stepwise. Starting with the parameters significant at the P=0.25-level according to the MNL- model, 
the threshold is lowered gradually to remain with parameters that are significant at the 15% level. Almost all 
estimated parameters are significant at the 10% level, however.

5.2 — Results and Discussion
The estimated parameter values are shown in Table 5.1, with the P-values between brackets. The ‘Overall’ 
column shows the mean and standard deviation estimates ̶ if significant ̶ for all respondents combined per 
respondent group, regardless of the personal characteristics gender, age and size of municipality. The other 
columns show the significant contrast effect for each personal characteristic, subdivided in the three respondent 
groups. For each individual, the values in a contrast effect column are to be either added to or subtracted 
from the mean value for the concerning parameter, depending on which subsample he or she belongs to. As 
mentioned in Section 3.3, the part-worth utility for the third level of all attributes equals zero. By doing so, the 
weights of the first and second level of the attributes can be shown in relation to the third level on an interval 
scale. These relative weights and their standard deviations ̶ if significant ̶ are depicted in Figures 5.1 to 5.3 
for the three respondent groups. The performance of the mixed logit models is reasonable; Rho2

group1 = 0.156, 
Rho2

group2a = 0.159 and Rho2
group2b = 0.175. Compared to the MNL models with the random parameters 

omitted, the mixed logit models perform much better; the values of Rho2 for respondent groups 1, 2a and 2b 
are 0.10, 0.11 and 0.09 respectively.

No preference
The first entries in the ‘Overall’ columns in Table 5.1 show the utilities of the ‘No Preference’ options, which 
were included in each choice task; -2.454 for group 1, -2.314 for group 2a and -2.809 for group 2b. Combining 
the lowest non-random utility scores for all attributes, in order to find the least attractive alternative per 
group, results in the following overall utilities: -0.807 (1), -0.258 (2a) and -0.521 (2b). This means that even if 
respondents are presented two unattractive alternatives, they tend to choose one of the two shopping centers 
over the ‘No Preference’ option.
The contrast effects show that respondents in the category ‘Over 55 years of age’ are more likely to choose the 
‘No Preference’ option than younger respondents. For example, the utility of the ‘No preference’ option is equal 
to -2.454 +0.911 for respondents in group 1 aged 55 years and older, while it is equal to -2.454 +0.911 for 
respondents in group 1 younger than 35 years. However, this effect varies greatly between the three respondent 
groups for this personal characteristic; group 1 shows a contrast effect over three times stronger than group 
2b (0.911 against 0.302). Regarding size of municipality, only group 2a shows that respondents living in a 
municipality containing less than 50.000 residents are more inclined to choose the ‘No Preference’ option, 
while residents living in the largest municipalities are less inclined to choose this alternative.

Top position
The bottom row in the ‘Overall’ columns of Table 5.1 shows the utility scores for the ‘OnTop’ variable, to test 
whether respondents have a tendency to opt for the alternative that is presented on the top of their screen. 
Results from both respondent groups 1 and 2b make clear that actually the opposite is true, and show that this 
tendency does not exist. This could be due to the fact that in case a respondent has a computer with a screen 
resolution that does not allow for the two alternatives in a choice task to be shown in full simultaneously, the 
placement of the choice buttons at the bottom of the screen requires the respondent to scroll down the web 
page in every choice task, which could lead him or her focusing more on the bottom alternative that is then full 
and more prominently in view than the top alternative.
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Table 5.1 - Estimated attribute parameters (significance between brackets).Table 5.1 - Estimated attribute parameters (significance between brackets).

Attribute
1 2a 2b 1 2a 2b 1 2a 2b

Constant
"No preference" -2.454 (.000) -2.314 (.000) -2.809 (.000) 0.911 (.000) 0.639 (.000) 0.302 (.043) -0.409 (.017)

(st.dev) 1.959 (.000) 1.938 (.000) 1.997 (.000)

Curvature of the street
A1 None  0.000 0.000 -0.085 (.080) -0.085 (.085) -0.079 (.100) -0.123 (.069)
A2 Slight -0.119 (.054) 0.097 (.059) 0.000 -0.187 (.020)
A3 Strong  0.000 0.000 0.000

Width of the street
B1 7.5 meters -0.122 (.060) -0.117 (.055) -0.171 (.019) -0.185 (.055)

(st.dev.) 0.382 (.012) 0.377 (.007) -
B2 10 meters -0.147 (.018) -0.106 (.064) -0.108 (.053) 0.112 (.026)
B3 14 meters  0.000 0.000 0.000

Height of ground floor
C1 4 meters 0.154 (.012) 0.000 0.000 -0.072 (.135) -0.180 (.012)
C2 5 meters 0.182 (.009) 0.000 0.089 (.066) 0.102 (.115) 0.150 (.062)

(st.dev.) 0.306 (.075) - -
C3 6 meters  0.000 0.000 0.000

Number of floors
D1 2  0.000 0.118 (.048) 0.000

(st.dev.) - 0.307 (.081) -
D2 3  0.000 0.108 (.067) 0.000 0.097 (.044) -0.133 (.048)

(st.dev.) - 0.299 (.064) -
D3 4  0.000 0.000 0.000

Recession ground floor
E1 None -0.167 (.009) 0.000 0.000 0.087 (.080) -0.153 (.061)
E2 1 meters  0.000 0.000 -0.080 (.095) -0.188 (.004)
E3 2 meters  0.000 0.000 0.000

Roof
F1 None  0.000 0.149 (.004) 0.107 (.056) 0.112 (.119) -0.145 (.025)
F2 Awnings on both sides  0.000 0.000 0.098 (.078) -0.129 (.007) -0.172 (.011)
F3 Completely roofed  0.000 0.000 0.000

Green
G1 None -0.163 (.009) 0.000 -0.083 (.134) -0.108 (.043)
G2 Plant containers -0.100 (.105) 0.000 -0.135 (.025) -0.155 (.002) -0.107 (.044)

(st.dev.) - - 0.492 (.000)
G3 Tree containers  0.000 0.000 0.000

Street furnishings
H1 None -0.105 (.059) -0.141 (.007) -0.101 (.069)

(st.dev.) 0.308 (.079) 0.294 (.086) -
H2 Little  0.000 0.000 -0.105 (.059) 0.142 (.027)
H3 Many  0.000 0.000 0.000

Materialisation
I1 Warm -0.106 (.083) 0.000 0.000 -0.094 (.080) -0.250 (.002)
I2 Cool  0.000 0.000 0.000
I3 Dark  0.000 0.000 0.000

OnTop
Top position -0.162 (.000) 0.000 -0.242 (.000)

a:    Females: � -1,    Males: � +1 Log-likelihood group 1 = -3274.863 Log-likelihood (null) group 1 = -3880.031     Rho2 group 1 = 0.156.
b:    Under 35: � -1,    Over 55: � +1 Log-likelihood group 2a = -3725.484 Log-likelihood (null) group 2a = -4428.222     Rho2 group 2a = 0.159.
c:    Under 50.000: � -1,    Over 100.000: � +1 Log-likelihood group 2b = -3781.534 Log-likelihood (null) group 2b = -4583.757     Rho2 group 2b = 0.175.

Size of municipalityc

1
AgebGenderaOverall

2a 2b



58 P. Botter Master Thesis

Data Analysis and Results

Figure 5.1 - Part-worth utilities and contrast effects ‒ group 1. Figure 5.2 - Part-worth utilities and contrast effects ‒ group 2a.
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Figure 5.3 - Part-worth utilities and contrast effects ‒ group 2b.
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A: ‘Curvature of the street’
Respondents from group 1 prefer either a straight or strongly curved shopping street. Respondents from group 
2a however, prefer a slightly curved street. Respondents from group 2b dislike a straight street. It seems that 
there are quite a few different opinions on this subject. Even more so when regarding respondent segments. 
Females in group 2a appreciate a straight street almost equally as much as a street with a slight curvature, 
while females in group 2b have no preference regarding one of the three levels. Males in group 2a prefer a 
slight curvature and males in group 2b dislike no curvature considerably. Residents of large municipalities from 
group 1 do not appreciate a slight curvature, whereas respondents from the same segment in group 2a dislike 
a straight street. Residents of small municipalities from group 1 have a small preference for a slightly curved 
street. A possible explanation for the differences between the respondent groups was not found.

B: ‘Width of the street’
The utility scores of this attribute picture a clear preference for the widest shopping street (14 meters) across all 
respondent groups. While respondents from group 1 preferred the second level (10 meters) less than the first 
level (7.5 meters), both respondent groups 2a and 2b show an increasing tendency over the attribute levels; 
the first level is the least preferred, while the third level is preferred the most. For males in group 2a however, 
there is a negligible difference in preferences between streets of 10 or 14 meters wide. In contrast, females like 
the 10 meters wide street less than the 7.5 meters and 14 meters wide streets. Also, respondents from group 2b 
that live in a municipality of over 100.000 residents in size, find small shopping streets even less attractive. This 
could be due to the fact that these respondents visit shopping centers in the large cities, more frequently than 
residents of smaller municipalities, and thus are more accustomed to the spacious lay-outs of these shopping 
areas. This can also be explained the other way round, since shopping centers in smaller municipalities 
normally have a much smaller coverage of consumers and therefore are scaled smaller than the large inner city 
shopping centers.

C: ‘Height of the ground !oor’
Regarding the height of the ground floor, respondents from group 1 appreciate a construction height of 4 
or 5 meters. This can be explained by the fact that retail outlets with a ground floor of 6 meters high are 
not very common in The Netherlands. These are most likely to be encountered in the largest cities in The 
Netherlands. The construction of new retail space with a high storey height is very expensive, compared 
to the minimum required storey height; it is quite unlikely that a complete shopping center is built with a 
ground floor of 6 meters in height. The differences in scale and lay-out between shopping centers in large 
and small municipalities might also explain the fact that residents of large municipalities appreciate a ground 
floor of 5 meters in height the most, while residents of small municipalities prefer a ground floor of 4 meters 
high; shopping streets in larger cities are generally larger and layed-out more spaceous and thus, with larger 
storey heights than in shopping centers in smaller municipalities. For group 2a, there seem to be no specific 
preferences in terms of height of ground floor. In group 2b, there is an overall preference for 5 meters high 
ground floors, although males and females differ in their opinion regarding 4 meters high ground floors.

D: ‘Number of !oors’
Overall, the respondents almost equally appreciate shopping streets with 2 and 3 %oors. Females in group 
2b however, prefer 2 and 4 %oors, as opposed to males in the same group, who like to see 3 %oors. Young 
respondents from group 2a have a clear preference for 3 %oors, followed by 2 %oors and 4 %oors. Older 
respondents from the same group, however, like shops with 2 %oors the most, followed by 4 %oors and 3 %oors. 
It is clear that there are significant taste differences regarding the height of the buildings. Note that respondents 
from groups 1 and 2b show no difference in overall preferences for two, three or four floors.

From the utility scores of attributes ‘width of the street’, ‘height of the ground floor’, and ‘number of floors’, 
some statements can be made regarding the most preferred dimensions of a shopping street. From Attribute B, 
it is established that a width of 14 meters is appreciated the most. The results from Attributes C and D conclude 
that the total height of the buildings should lie somewhere between 10 and 14 meters, considering a ground 
floor height of 4 or 5 meters plus 2 or 3 storeys of 3 meters each. From this can be deduced that the preferred 
shopping street profile has a ratio somewhere between 1:0.7 and 1:1 (width:height), and that the height of the 
buildings should not surpass the width of the street.
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E: ‘Recession of the ground !oor’
Considering the respondents from the three groups together, there is a slight preference for a ground floor 
façade that is recessed by 2 meters. Generally, respondents from group 1 do not like a ground floor façade that 
is in line with the higher floors and appreciate a recession of 1 meter equally as 2 meters. Overall, respondents 
from group 2a have no preference for any of the attribute levels and respondents from group 2b dislike a 
recession of 1 meter. Residents of large municipalities from group 1 have a strong aversion of no recession of the 
ground floor facade. Note that residents of large municipalities from group 2a dislike a recession of 1 meter and 
prefer a recession of either 2 meters or none at all, while in the same group, residents of small municipalities 
actually prefer a recession of 1 meter.

F: ‘Roof’
In general, the results show respondents to have a preference for either no roof or awnings on both sides (no 
roof being the most preferred). For males (group 2b), awnings are the least attractive option, while females 
(group 2b) like these the most. There are large differences regarding respondent segments: while young 
respondents from group 1 dislike an open-air shopping street, this is by far their most preferred option in 
group 2a. Moreover, residents of small municipalities from group 2a like to see awnings the most, followed 
closely by no roof, while residents of large municipalities from the same group dislike awnings and prefer an 
open shopping street. The overall preference for no roof may be explained by the fact that in certain cases 
(small streets or low total building height), adding a roof or awnings could make a street look oppressive or 
suffocating.

G: ‘Green’
Respondents from groups 1 and 2b overall do not appreciate %ower containers or no green at all in a shopping 
street. The gender segments however, have a notable influence on the preference structures when comparing 
the three respondent groups. Females in group 1 do not like %ower containers, while males from the same 
dislike no green the most. Females in group 2a appreciate %ower containers, whereas males in group 2a dislike 
%ower containers. Females in group 2b dislike no green more than %ower containers, while males in the same 
group have a strong aversion of %ower containers. A possible explanation for the differences between the 
respondent groups was not found.

H: ‘Street furnishings’
Respondents from all groups do not like to visit a shopping street where there are no street furnishings. 
Respondents from group 2b generally like to see many street furnishings. Younger respondents from this 
group really dislike the presence of just a few street furnishings even more. Older respondents from this group 
however, prefer it if there are a few street furnishings in a shopping street; just a little more than if there are 
many. A possible explanation for the differences between the respondent groups was not found.

I: ‘Materialisation’
Respondents from group 1 generally disapprove of the warm materialisation, while stating no preference over 
either the cool or dark materialisation. There are two notable contrast effects for respondents from this group, 
however. For females in this group, the negative appreciation of the warm materialisation almost disappears, 
while males dislike the warm option even more. Resident of small municipalities from group 1 actually prefer 
the warm materialisation, as opposed to residents of large municipalities, who have a very strong aversion of 
this option. The respondents of groups 2a and 2b appreciate all three materializations equally.

Taste differences
Four attributes (curvature of the street, recession of the ground %oor, roof, and materialisation) showed standard 
deviations not significantly different from zero, meaning that the random variation across respondents regarding 
these attributes is negligible. This variation of course, is in addition to the contrast effects resulting from 
differences between gender, age, and size of municipality. For the remaining attributes (width of the street, 
height of the ground %oor, number of %oors, green, and street furnishings), the standard deviation of at least one 
attribute level in at least one respondent group is significantly different from zero, which indicates that there are 
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taste differences. As can be seen in the bar diagrams in the upper sections of Figures 5.1 to 5.3, the standard 
deviations are rather large with respect to the mean values of the attribute levels they refer to. 
This means that among consumers, there is a great variety in preferences regarding these attribute levels; 
positive average mean values could actually be a negative value for a significant portion of the respondents (and 
vice versa).

Impact of attributes on attractiveness
The absolute difference between the lowest and highest utility scores for an attribute’s levels can be regarded 
as an indication of the influence of that particular attribute on consumers’ preferences regarding design 
characteristics of shopping centers. As Figures 5.1 to 5.3 show, these ranges vary roughly between 0.08 and 
0.18, which means that none of the attributes truly stands out regarding the impact on the overall attractiveness 
of a shopping center regarding design characteristics.
Comparing the utility scores (as shown in Table 5.2 and Figure 5.4) across the three respondent groups 
however, it can be said that for some attributes there is a more outspoken general preference for a particular 
level, than is the case with other attributes. The width of the street, the height of the ground %oor, green, and 
street furnishings are the attributes in this study that are overall of most influence on the attractiveness of 
shopping centers. The attributes curvature of the street, number of %oors, and roof are moderately effective. 
Finally, recession of ground %oor and materialization are the attributes with the least convincing influence on 
shopping center attractiveness.

Attribute Group 1 Group 2a Group 2b

A Curvature of the street 0.119 0.097 0.085
B Width of the street 0.147 0.117 0.171
C Height of ground floor 0.182 0.000 0.089
D Number of floors 0.000 0.118 0.000
E Recession ground floor 0.167 0.000 0.080
F Roof 0.000 0.149 0.107
G Green 0.163 0.000 0.135
H Street furnishings 0.105 0.141 0.105
I Materialisation 0.106 0.000 0.000

Values represent the (absolute) differences between lowest and highest part-worth utility scores.

Table 5.2 - Impact of attributes on shopping center attractiveness (regarding design characteristics)
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63P. Botter Master Thesis

Data Analysis and Results

The fact that differences between the lowest and highest levels of some attributes are not very large, does not 
mean that these are not important; the small differences between the attributes as defined in this study mean 
that these are all of somewhat equal influence on the overall attractiveness of a shopping center (regarding 
design characteristics). This could be due to the fact that the levels for these attributes lie close together in 
expression, leading to the differences between these levels to go somewhat unnoticed by respondents.

Differences between presentation styles
When comparing the three presentation formats used to collect consumer preferences regarding design 
characteristics, there are a few remarkable differences in both performance and outcomes. Considering 
the performance of the mixed logit models for estimating the parameter values, it is notable that group 2b 
stands out when comparing the Rho2 levels: 0.175 against 0.156 (group 1) and 0.159 (group 2a). The model 
estimation of group 2b also resulted in the most significant parameters (excluding the contrast effects), albeit 
with the lowest number of significant standard deviations. Table 5.3 shows the significant parameters and 
standard deviations per respondent group.

Thus, the assumption that the use of interactive panoramic images for measuring consumers’ preferences 
regarding design characteristics (as proposed in section 3.4.2) would result in a model with a better 
performance as opposed to when using static images appears to be incorrect, since the data from respondent 
group 1 resulted in the lowest Rho2 value (0.156) of all three respondent groups. This may be due to the 
fact that comparing two rotating panoramic images is a difficult task to carry out. As the panoramas are 
programmed to simultaneously auto-rotate, not intervening in one of the alternatives is the only way for 
both panoramas to show the same camera angle at once. However, as the panoramas are intendended 
for exploration and close inspection of objects or parts of the scene that seem interesting to the user, an 
intervention in one panorama causes the panoramas not to display the same camera angle. This, in turn, may 
actually be a large negative influence on the respondents’ overall ability to carefully compare the attributes, as 
presented in the two hypothetical shopping streets in each choice task.
Although the panoramas automatically rotate and provide a natural view on the whole shopping street from eye 
height, the camera always follows the horizon. This causes the store windows on the side of the shopping street 
opposite as to where the camera is positioned are prominently in view for quite a large part of the time it takes 
for the camera to rotate from start to endpoint. In case a user decides not to intervene and let the rotation of 
the panoramas run its course, this could actually result in an insufficient possibility to thoroughly explore and 
focus on attributes that are subject to evaluation. Also, the respondent may be distraught by the store displays 
on the opposite side of the street.
Another explanation for the average performance of this model may be the fact that in order to be able to 
state a thoughtful preference for one of two hypothetical shopping streets presented in the form of interactive 
panoramas, it takes the respondent a significant amount of time to inspect both environments, identify the 
differences and subsequently decide which combination of attribute levels is most preferred. The automatic 
rotation of the panoramas was set to approximately 20 seconds for the camera to turn from start to end point, 
after which the camera rotates back to the starting position, and so on. This challenge could lead to disinterest 
and in turn, inconsequent preference statements.

Group 1 Group 2a Group 2b

ML Parameters 0.10 < p < 0.15 1 - 1
p < 0.10 11 8 12

Std. Dev. p < 0.10 4 5 2

Rho2 0.156 0.159 0.175

MNL Rho2 0.099 0.107 0.085

Table 5.3 - Results of the model estimations, excluding the contrast effects.
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A comparison of the ranges between the lowest and highest utility scores of the attribute levels however, 
shows that for five of the nine attributes these are the highest in group 1; curvature of the street, height of 
the ground %oor, recession of the ground %oor, green and materialization. This may actually indicate that the 
Virtual Reality format does prove to be a tool with which certain attributes (in this study: the aforementioned 
attributes) and their levels can be expressed more clearly than with the use of static images, enabling users to 
perform thoughtful evaluations of the attribute combinations in the virtual environments.

From preceding findings, it seems logical to assume that, since the images used for groups 2a and 2b are 
static, respondents in these groups do not encounter these difficulties regarding comparing the expressions 
and presence of attributes in the presented alternatives, and therefore have a better possibility to compare the 
images and thoughtfully state their preference.
Although groups 2a and 2b both made use of static images, there is quite a large difference regarding 
performance: group 2a has a performance similar to group 1, while group 2b performs much better. This may 
be explained by the fact that some of the attributes are expressed less clearly in the images presented to group 
2a, as these images show only a small part of the total shopping street. In the case of the attributes green and 
street furnishings, for example, the images show little variation between the attribute levels. For instance, the 
second levels of attribute green consists of four concrete flower containers, while the third level consists of four 
concrete containers with a large tree in each. However, the camera is positioned in such a way, that the images 
for group 2a can only display one flower container or one tree container can be displayed, as opposed to three 
flower containers or three tree containers in the images for group 2b. This could mean that the attribute levels 
are more distinguishable and expressed more clearly in the images for group 2b, resulting in a better evaluation 
by the respondents and thus, significant parameters that capture their preferences. This is illustrated by the fact 
that for this attribute, none of the parameters are significant for group 2a, while they both are significant for 
group 2b. The images of profile 18 used in group 2a and 2b are shown in Figure 5.5 as an example.

A somewhat similar statement can be made regarding the attribute number of %oors. In this case, only the 
model of group 2a shows significant parameters, while group 2b shows no significant preference parameters 
for any level whatsoever. This also may be due to differences in expression of attribute levels, arising from the 
differences in presentation formats. Comparison of images from all groups that show the three different levels 
(2, 3 or 4 floors total) reveals that the differences between the levels of this attribute is expressed the most 
clearly in the images used for group 2a. This is illustrated in Figure 5.5, which shows a comparison between 
images of profiles 15 (2 floors) and 16 (4 floors) used for both groups 2a and 2b. It shows that the differences 
between the levels of this attribute are portrayed more clearly in the images used for group 2a. A large portion 
of this effect may be due to the fact that the camera in the images for group 2a is focused on the large facade of 
the street perpendicular to the main shopping street which takes up a much larger portion of the image than is 
the case in images of group 2b.

Figure 5.4 - Example of differences between the expressions of attribute green (level 3) in profile 18,
images used for group 2a (left) and group 2b (right).



65P. Botter Master Thesis

Data Analysis and Results

Although in theory, the Virtual Reality approach is expected to perform the best, it appears that, in a study as 
such, the use of static images that show a large portion of a shopping street is likely to lead to more reliable 
results. It all depends on what objects are visible and in which way they can be viewed and compared. 
The images used in group 2b appear to provide the best views of the environments, which show balanced 
expressions of attribute levels (and related objects) with sufficient detail, allowing respondents to thoroughly 
and easily evaluate and compare the virtual environments that represent hypothetical shopping streets.

5.3 — Chapter Summary
During an online questionnaire, respondents were asked to choose the most preferred hypothetical shopping 
street from choice sets that contained two alternatives each (as well as an option for ‘No preference’) in the 
context of a recreational shopping activity. The respondents were subdivided into three respondent groups 
which were presented the same hypothetical shopping streets, but all in a different presentation format. 
Group 1 was presented interactive panoramas. Groups 2a and 2b both were presented static images; the only 
difference is that the camera in images for group 2a show a view of the short side of the shopping street, while 
the images for group 2b provide a view on the long side.
The data that was collected is subsequently used to estimate a random parameter (mixed logit) model, which 
allows for the measurement of taste heterogeneity among respondents regarding the various attribute levels. 
In addition, contrast effects are measured, in order to investigate whether any differences exist in preference 
structures across respondent segments. The following respondents’ characteristics are taken into account: 
gender, age, and size of municipality. 
According to the model, there are a few differences in preference structures across the respondent groups. 
However, the three groups do show similar tendencies of respondents to like or dislike certain attribute levels; 
the results show consistent values  for the utility scores of attributes width of the street and street furnishings in 
the three groups.
Moreover, the results suggest that the attributes are perceived as being of somewhat equal influence on the 
overall attractiveness of a shopping center (regarding design characteristics), since the differences between 
the lowest and highest part-worths of all attributes are close together. The width of the street, the height of the 
ground %oor storey, green, and street furnishings are the attributes in this study that are of most influence on 
the attractiveness of shopping centers. The attributes curvature of the street, number of %oors, and roof are 
moderately effective. Finally, recession of ground %oor and materialization are the attributes with the least 
convincing influence on shopping center attractiveness. Regarding the respondent segments however, there are 
notable exceptions in the order of preference for some of the attributes.

Figure 5.5 - Example of differences in expression of the attribute number of floors (levels 1 and 3) between the images used 
for group 2a (left) and group 2b (right).
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It appears that the Virtual Reality approach provides less reliable results than when using static images; 
especially the model with the images in which a large portion of the shopping street was shown performed 
better. However, the results suggest that the VR method does allow respondents to better imagine the relations 
between the certain objects that comprise the virtual environments and the expressions of the related 
attribute levels, as evidenced by the fact that for five of the nine attributes included in this study, the largest 
differences between the lowest and highest utility scores exist in the respondent group that was presented the 
VR alternatives (group 1). The most reliable results are achieved with the use of static images. However, it is 
important that the images provide a large enough view on the virtual environments, so that the attributes and 
respective attribute levels they comprise are clearly recognizable and thus, comparable. When presented with 
a choice task as such, it seems that the most effective way to compare the virtual environments is by means of 
static images, and that it is relatively difficult for respondent to compare moving images.



 

      Conclusion6
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In this chapter the research objectives are assessed on the basis of the results from the data analysis in chapter 
5. Section 1 provides a short recapitulation of the objectives of this study and the research questions, which are 
answered in Section 2. The managerial implications of this study are stated in Section 3. The chapter concludes 
in Section 4, with a discription of the limitations of this study and recommendations for further research. 

6.1 — Recapitulation of Research Objectives
As introduced in chapter 1, the goal of this study is to determine the preference structures of Dutch’s 
consumers regarding design characteristics of planned shopping centers, in order to provide information that 
is useful for stakeholders that are engaged in the (re)development and/or management of planned shopping 
centers: 

“To gain insight into the preferences of Dutch consumers regarding design characteristics of planned 
shopping centers in The Netherlands, in order to contribute to the knowledge on consumer experience in 
shopping centers in The Netherlands.”

Because consumer surveys focused on this subject are scarce, and in some cases dated, a sub-goal is added to 
this study; 

“To determine and use the most suitable and capable format for the presentation of fictitious shopping 
streets, in order to increase the respondents’ imaginative power in the proposed situations, so as to 
enable them to thoughtfully state their preference with the most careful consideration.”

Concluding, this study provides answers to the following research questions:

I.      “How are consumers affected in their behavior by the design characteristics of shopping          
         environments?”

II.   “How can consumers’ preferences for design characteristics of planned shopping centers in the             
     Netherlands most accurately be measured?”

III.    “Which physical characteristics of planned shopping centers in the Netherlands are preferred 
     among Dutch consumers?”

IV.    “What is the best presentation format for measuring consumers’ preferences regarding design   
     characteristics of shopping centers?”

6.2 — Conclusions
The findings from the literature research and the choice based conjoint analysis culminate in the following main 
conclusions:

I.    “How are consumers affected in their behavior by the design characteristics of shopping    
     environments?”

The way individuals encounter any kind of place and the behaviour that follows from that, is greatly determined 
by their perception of the environment. This perception process works as follows: information signals from any 
object in the real world are picked up by the senses, and subsequently transformed by the brain, according 
to an individual’s value system and personal preferences, into a mental image of the place. Therefore, the 
perception of the environment differs from one individual to another.

The so-called environmental stimuli affect the individual emotionally in three dimensions: (dis)pleasure, 
arousal, and dominance. In turn, the combination of these emotional states that are evoked by any situation 
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result in either an approach or avoidance response; environments that elicit feelings of pleasure are likely to 
be ones where people want to spend time and money, whereas unpleasant environments are avoided. Drawing 
on this theory, stakeholders that are engaged in the (re)development or management of retail locations strive 
to provide pleasant buying environments that communicate a desired image or environment to a particular 
shopper segment or target market and induce a desired result from shoppers. 

The design of a shopping center can project a sense of unity within, which is likely to increase the 
understandability and readability of a shopping center. In line with this, a shopping center should be designed 
in such a way that it is distinguishable from other shopping centers. The measure of recognizability that arises 
from the design of a shopping center stands in direct relation with the emotional state of the consumer and 
thus, influences his or her perceived image of the shopping center. Likewise, the image that is sent out by the 
design and materialization, raises a certain expectation regarding the branching of the stores. Thus, a well-
considered design can be helpful in efforts to attract desired segments of shoppers. 
From this, it follows that investments in the physical shopping environment are likely to have a great payoff in 
terms of e.g., shopping enjoyment, returning, money spending, browsing and exploration; positive (or approach) 
behaviors influenced by positive perceptions of the shopping environment.

Nonetheless, design remains to play a supporting role to the retail mechanism within a shopping center. The 
ability of the physical component of the retail environment to influence consumer behavior and to create an 
image is limited, as in the end, consumers pay more attention to factors such as pricing, advertising, added 
features and special promotions.

II.    “How can consumers’ preferences for design characteristics of planned shopping centers in the   
     Netherlands best be measured?”

In the context of this study, a shopping center is regarded as a unique set of objectively measurable design 
characteristics. For the determinination of the influence of each variable on the overall attractiveness of a 
shopping center, a choice based conjoint analysis is the most suitable measurement technique; it allows for 
respondents to indirectly state their preference regarding design characteristics and it is not restricted to 
participants’ current domains of experience. This allows for a systematical variation of multiple attributes, with 
which completely non-existing (hypothetical) shopping environments can be created. By presenting respondents 
a sequence of choice tasks consisting of alternatives, the influence of the separate design characteristics on the 
attractiveness of the constituent parts can be measured.

For this, a set of independent design characteristics (attributes) is selected that are known to be of influence 
on consumer behaviour, with the precondition that they are amendable by the aformentioned stakeholders (as 
shown in Table 6.1).

Investigated shopping center design characteristics 

Attribute Level 1 Level 2 Level 3

A Curvature of the street None Slight Strong

B Width of the street 7.5 meters 10 meters 14 meters

C Height of ground floor 4 meters 5 meters 6 meters

D Number of floors 2 3 4

E Recession ground floor 0 meters 1 meter 2 meters

F Roof None Awnings Complete

G Green None Plants Trees

H Street furnishings None Few Many

I Materialisation Warm Cool Dark

Table 6.1 - Investigated shopping center design characteristics
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The attribute levels are derived from existing planned shopping centers in The Netherlands, so as to provide 
the respondents with a certain level of familiarity and thus, increasing their imaginative power in the presented 
situations. These attribute levels are subsequently combined in a three-level fractional factorial design, 
consisting of 27 profiles within which each attribute appears as often. Since this study is aimed at revealing 
preferences regarding design characteristics, the most suitable way of presenting the alternatives is achieved 
by creating realistically looking representations of fictitious shopping streets. In order to determine whether 
different presentation formats provide different results, the computer generated models of the alternatives are 
presented as both interactive panoramas (group 1) as well as conventional static images, providing views on the 
short and long sides of the shopping streets (groups 2a and 2b).
A comparison of various data collection methods showed an online questionnaire to be the most suitable for 
this study.  

III.      “Which physical characteristics of planned shopping centers in the Netherlands are preferred among   
      Dutch consumers?”

In total, a sample of 2.406 respondents divided into three sub-groups of 802 each and representing the Dutch 
shopping population, were addressed in an online questionnaire in June 2013, which was constructed in 
collaboration with and distributed by GfK Panel Services Benelux. After removing faulty and unlikely responses, 
the following response rates were found:

• Group 1:  571 respondents, of which 503 were usable (63% net response);
• Group 2a:  614 respondents, of which 574 were usable (77% net response);
• Group 2b: 638 respondents, of which 595 were usable (74% net response);

Three mixed logit models with (R=750) Halton draws were estimated, by gradually lowering the threshold of 
values for significance from 0.8 to 0.15, to reveal the part-worth utility scores for all attributes’ first and second 
levels relative to the third levels.  The performance of the mixed logit models is reasonable; Rho2

group1 = 0.156, 
Rho2

group2a = 0.159 and Rho2
grou2b = 0.175. Group 1 showed 12 out of 20 significant parameters, group 2a: 

8 out of 20, and group 2b: 13 out of 20. The Rho2-values of an estimation of the same significant parameters 
under the MNL model reveal that there are notable taste differences, as evidenced by the better performance 
under the ML model (as shown in Table 6.2).

There is a notable amount of differences in preference structures across the respondent segments, as well as 
a fair amount of taste differences as evidenced by the significant standard deviations. Overall, respondents 
from all groups are strongly inclined to choose one of the two alternatives that are presented in a choice task 
over the “No Preference” option. From this can be conluded that the fictitious shopping streets in general are 
modelled well and that the combinations of attribute levels as presented do not impose avoidance behaviour. 
The influence of the attributes on the overall attractiveness of a shopping center regarding design 
characteristics, ranges roughly between 0.08 and 0.18 across the three respondent groups, which implies that 
none of the attributes truly stands out in this regard.

Group 1 Group 2a Group 2b

ML Parameters 0.10 < p < 0.15 1 - 1
p < 0.10 11 8 12

Std. Dev. p < 0.10 4 5 2

Rho2 0.156 0.159 0.175

MNL Rho2 0.099 0.107 0.085

Table 6.2 - Results of the model estimations, excluding the contrast effects.
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However, the results show that the width of the street, the height of the ground %oor, green, and street 
furnishings are the attributes in this study that are overall of most influence on the attractiveness of shopping 
centers. The attributes curvature of the street, number of %oors, and roof are moderately effective. Finally, 
recession of ground %oor  and materialization are the attributes with the least convincing influence on shopping 
center attractiveness. It should be noted that the relevant preferences are based on a recreational (non-food) 
shopping trip.

IV.      “What is the best presentation format for measuring consumers’ preferences regarding design   
        characteristics of shopping centers?”

Contrary to the assumption that the use of interactive panoramic images would result in a model with better 
performance as opposed to when using static images appears to be incorrect, since the data from respondent 
group 1 resulted in the lowest Rho2 value (0.156) of all three respondent groups. Group 2b, with the use of 
conventional static images, resulted in a model with the most significant parameters (13). 
It appears that an interactive panorama, in the form used in this study, is not the most suitable presentation 
format for measuring preferences regarding design characteristics of shopping centers. The foremost reason for 
this is the fact that comparing objects and spaces in two rotating panoramic images may be a difficult task to 
carry out, due to the significant amount of time required to inspect both environments, identify the differences 
and subsequently decide which combination of attribute levels is most attractive. This challenge could lead to 
disinterest and in turn, inconsequent preference statements. Also, an intervention in one of the alternatives 
leads to asynchronous views on the virtual environments, making it especially difficult to compare the relevant 
attributes. However, the absolute differences between the lowest and highest utility scores are the highest for 
5 out of 9 attributes in the model of group 1: curvature of the street, height of the ground %oor, recession of the 
ground %oor, green and materialization. This indicates that the Virtual Reality format does prove to be a tool 
with which certain attributes (in this case: the aforementioned attributes) and their levels can be expressed 
more clearly than with the use of static images, enabling users to perform thoughtful evaluations of the attribute 
combinations in the virtual environments.
All in all, the results suggest that the images used in group 2b, which provide a large view on the shopping 
streets, show the best balanced expressions of attribute levels (and related objects) with sufficient detail, 
allowing respondents to thoughtfully and easily evaluate and compare the virtual environments that represent 
hypothetical shopping streets in planned shopping centers in The Netherlands.
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6.3 — Managerial Implications
Insights gained by a thorough investigation regarding consumer preferences and consumer behaviour in retail 
environments can prove to be a very useful aid in stakeholders’ efforts to provide and maintain pleasant 
environments, and to improve the attractiveness of shopping centers. This study provides information that can 
be used as a reference to identify the design characteristics that targeted consumer segments appreciate, and 
subsequently apply this knowledge in the redevelopment or renewal of a planned shopping center that shows 
poor performance. Likewise, these insights can be applied in the new development of a planned shopping 
center or an addition to or a conversion of a part of a main shopping area.
Although for some attributes the parameter estimates differ too much across the respondent groups to be able 
to make definitive statements regarding preferences, certain suggestions can be done. 
It is advised to implement a wide street of around 14 meters with buildings that count 2 or 3 floors (of 3 
meters in height each), and have a ground floor height of 4 or 5 meters. The resulting proportions of the street 
profile should be somewhere between 1:0.7 and 1:1 (width:height). Also, a recession of the ground floor façade 
of 2 meters is generally preferred. Moreover, the shopping street should either be completely open-air or have 
awnings on both sides. Regarding green amenities, containers with trees should be placed in the central 
axis of the street.  In addition, there should also be enough lamp posts and benches with litter bins. The 
materialization schemes as included in this study are all suitable to use in a planned shopping center, although 
a minor aversion of the warm materialization should be noted. The attributes and their levels, as included 
in this study, are perceived as being of somewhat equal influence on the overall attractiveness of a shopping 
center. 

6.4 — Limitations and Future Research
This study has a limited scope and can therefore only address a restricted amount of issues. The literature 
review in chapter 2 showed that there are numerous physical characteristics that may be of influence on the 
attractiveness of a shopping center. From these, only nine were included in three variations in the conjoint 
choice experiment, due to the limited amount of attributes and attribute levels this measurement technique 
allows to be taken into account and the precondition that these must be influencable by stakeholders. 
When assessing the most preferred combination of attributes from a range of design alternatives of a proposed 
(re)development, stakeholders should take into consideration that there are always boundary conditions to 
which the inclusion of attributes and corresponding levels should comply;  for example, when (re)developing 
a passage within a main shopping area, it might not be possible to change the width of the street or the height 
of the buildings, which leaves no room for the variation of these attributes. Therefore, not all of the results are 
usable or transferrable to every situation.
Future research may include a set of case-studies in which the same attributes are varied, so as to compare 
the results of this study, which are derived from completely non-existent situations, with findings from real-
world shopping centers that are either proposed or planned to be redeveloped. By means of performing case 
studies and selecting respondent samples from the neighborhoods of the concerning shopping centers, a sense 
of familiarity with the surroundings and boundary conditions can be provided. This, in turn, could lead to 
an increased imaginative power and interest in the experiment and thus, better model performance or more 
outspoken relative influences of attributes.
Furthermore, it may be of interest to perform a choice experiment as in this study in different countries. 
Consumers in other parts of the world are presumably accustomed to shopping centers that differ to some 
extent from those as one may encounter in The Netherlands; a country with a very large density in both the 
built environment, as well as it’s population. Therefore, a similar study in different retail markets may very well 
reveal different preference structures.
Also, future research may include an extension of the VR-method in which respondents are able to walk around 
and navigate through (optionally) larger versions of the shopping center models as used in this study. Choice 
tasks could then consist of two ‘viewports’ with synchronized cameras, in a similar fashion as in this study. 
The position of the camera can then be controlled with the arrow keys on the keyboard and, at the same time, 
the camera’s view can be controlled with the use of the mouse (an approach widely used in computer games).



74 P. Botter Master Thesis

Conclusion

Possible advantages of this method could be respondents’ increased imaginative power and realism of the 
virtual environments, as well as increased interest in the evaluation tasks. 
The results have shown that the preferences regarding design characteristics may vary to a large extent across 
consumers with different personal characteristics. However, since the findings in this respect are somewhat 
inconclusive, it may certainly be interesting to take a more in-depth look at these contrast effects. 
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Appendix 1

Addelman's Basic Profile Schematic 6

9 8 7 6 5 4
1 1 1 1 1 1 1 2 3 4 5 6 7 8 9 10 11 12 13 1 2 3 4 5 6 7 8 9 10 11 12 13

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 1 1 2 1 2 1 2 1 2 0 0 0 0 1 1 0 1 0 1 0 1 0
3 0 0 0 0 0 0 0 0 0 0 2 2 1 2 1 2 1 2 1 0 0 0 0 0 0 1 0 1 0 1 0 1
4 1 1 1 1 1 1 0 1 1 2 0 0 0 1 1 1 1 2 2 0 1 1 0 0 0 0 1 1 1 1 0 0
5 1 1 1 1 1 1 0 1 1 2 1 1 2 2 0 2 0 0 1 0 1 1 0 1 1 0 0 0 0 0 0 1
6 1 1 1 1 1 1 0 1 1 2 2 2 1 0 2 0 2 1 0 0 1 1 0 0 0 1 0 0 0 0 1 0
7 2 2 2 2 2 2 0 2 2 1 0 0 0 2 2 2 2 1 1 0 0 0 1 0 0 0 0 0 0 0 1 1
8 2 2 2 2 2 2 0 2 2 1 1 1 2 0 1 0 1 2 0 0 0 0 1 1 1 0 0 1 0 1 0 0
9 2 2 2 2 2 2 0 2 2 1 2 2 1 1 0 1 0 0 2 0 0 0 1 0 0 1 1 0 1 0 0 0

10 3 3 3 3 1 1 1 0 1 1 0 1 1 0 0 1 1 1 1 1 0 1 1 0 1 1 0 0 1 1 1 1
11 3 3 3 3 1 1 1 0 1 1 1 2 0 1 2 2 0 2 0 1 0 1 1 1 0 0 1 0 0 0 0 0
12 3 3 3 3 1 1 1 0 1 1 2 0 2 2 1 0 2 0 2 1 0 1 1 0 0 0 0 1 0 0 0 0
13 4 4 4 4 3 3 1 1 2 0 0 1 1 1 1 2 2 0 0 1 1 0 0 0 1 1 1 1 0 0 0 0
14 4 4 4 4 3 3 1 1 2 0 1 2 0 2 0 0 1 1 2 1 1 0 0 1 0 0 0 0 0 1 1 0
15 4 4 4 4 3 3 1 1 2 0 2 0 2 0 2 1 0 2 1 1 1 0 0 0 0 0 0 0 1 0 0 1
16 5 5 5 4 3 3 1 2 0 2 0 1 1 2 2 0 0 2 2 1 0 0 0 0 1 1 0 0 0 0 0 0
17 5 5 5 4 3 3 1 2 0 2 1 2 0 0 1 1 2 0 1 1 0 0 0 1 0 0 0 1 1 0 0 1
18 5 5 5 4 3 3 1 2 0 2 2 0 2 1 0 2 1 1 0 1 0 0 0 0 0 0 1 0 0 1 1 0
19 6 6 6 5 4 2 2 0 2 2 0 2 2 0 0 2 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0
20 6 6 6 5 4 2 2 0 2 2 1 0 1 1 2 0 1 0 1 0 0 0 0 1 0 1 1 0 0 1 0 1
21 6 6 6 5 4 2 2 0 2 2 2 1 0 2 1 1 0 1 0 0 0 0 0 0 1 0 0 1 1 0 1 0
22 7 7 6 5 4 2 2 1 0 1 0 2 2 1 1 0 0 1 1 0 1 0 1 0 0 0 1 1 0 0 1 1
23 7 7 6 5 4 2 2 1 0 1 1 0 1 2 0 1 2 2 0 0 1 0 1 1 0 1 0 0 1 0 0 0
24 7 7 6 5 4 2 2 1 0 1 2 1 0 0 2 2 1 0 2 0 1 0 1 0 1 0 0 0 0 1 0 0
25 8 0 0 0 0 0 2 2 1 0 0 2 2 2 2 1 1 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0
26 8 0 0 0 0 0 2 2 1 0 1 0 1 0 1 2 0 1 2 0 0 1 0 1 0 1 0 1 0 0 1 0
27 8 0 0 0 0 0 2 2 1 0 2 1 0 1 0 0 2 2 1 0 0 1 0 0 1 0 1 0 0 0 0 1

This basic profile schematic can be used for the construction of fractional factorial designs, consisting of 27 profiles. The maximum number of attributes depends on the count of attribute levels/

The values in the grey cells refer to the attribute's levels.
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Appendix 2

9 Attributes with 3 levels each

1 2 3 4 5 6 7 8 9

1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 1 1 2 1 2
3 0 0 0 0 2 2 1 2 1
4 0 1 1 2 0 0 0 1 1
5 0 1 1 2 1 1 2 2 0
6 0 1 1 2 2 2 1 0 2
7 0 2 2 1 0 0 0 2 2
8 0 2 2 1 1 1 2 0 1
9 0 2 2 1 2 2 1 1 0

10 1 0 1 1 0 1 1 0 0
11 1 0 1 1 1 2 0 1 2
12 1 0 1 1 2 0 2 2 1
13 1 1 2 0 0 1 1 1 1
14 1 1 2 0 1 2 0 2 0
15 1 1 2 0 2 0 2 0 2
16 1 2 0 2 0 1 1 2 2
17 1 2 0 2 1 2 0 0 1
18 1 2 0 2 2 0 2 1 0
19 2 0 2 2 0 2 2 0 0
20 2 0 2 2 1 0 1 1 2
21 2 0 2 2 2 1 0 2 1
22 2 1 0 1 0 2 2 1 1
23 2 1 0 1 1 0 1 2 0
24 2 1 0 1 2 1 0 0 2
25 2 2 1 0 0 2 2 2 2
26 2 2 1 0 1 0 1 0 1
27 2 2 1 0 2 1 0 1 0

The values in the grey cells refer to the attribute's levels.
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Possible combinations of profiles in choice tasks

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

1 - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 - - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3 - - - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 - - - - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 - - - - - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
6 - - - - - - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
7 - - - - - - - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
8 - - - - - - - - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
9 - - - - - - - - - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

10 - - - - - - - - - - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
11 - - - - - - - - - - - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
12 - - - - - - - - - - - - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
13 - - - - - - - - - - - - - 1 1 1 1 1 1 1 1 1 1 1 1 1 1
14 - - - - - - - - - - - - - - 1 1 1 1 1 1 1 1 1 1 1 1 1
15 - - - - - - - - - - - - - - - 1 1 1 1 1 1 1 1 1 1 1 1
16 - - - - - - - - - - - - - - - - 1 1 1 1 1 1 1 1 1 1 1
17 - - - - - - - - - - - - - - - - - 1 1 1 1 1 1 1 1 1 1
18 - - - - - - - - - - - - - - - - - - 1 1 1 1 1 1 1 1 1
19 - - - - - - - - - - - - - - - - - - - 1 1 1 1 1 1 1 1
20 - - - - - - - - - - - - - - - - - - - - 1 1 1 1 1 1 1
21 - - - - - - - - - - - - - - - - - - - - - 1 1 1 1 1 1
22 - - - - - - - - - - - - - - - - - - - - - - 1 1 1 1 1
23 - - - - - - - - - - - - - - - - - - - - - - - 1 1 1 1
24 - - - - - - - - - - - - - - - - - - - - - - - - 1 1 1
25 - - - - - - - - - - - - - - - - - - - - - - - - - 1 1
26 - - - - - - - - - - - - - - - - - - - - - - - - - - 1
27 - - - - - - - - - - - - - - - - - - - - - - - - - - -

Pr
of
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Appendix 6 
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1 1 2 51 2 27 101 5 8 151 7 17 201 10 13 251 13 18 301 17 22
2 1 3 52 3 4 102 5 9 152 7 18 202 10 14 252 13 19 302 17 23
3 1 4 53 3 5 103 5 10 153 7 19 203 10 15 253 13 20 303 17 24
4 1 5 54 3 6 104 5 11 154 7 20 204 10 16 254 13 21 304 17 25
5 1 6 55 3 7 105 5 12 155 7 21 205 10 17 255 13 22 305 17 26
6 1 7 56 3 8 106 5 13 156 7 22 206 10 18 256 13 23 306 17 27
7 1 8 57 3 9 107 5 14 157 7 23 207 10 19 257 13 24 307 18 19
8 1 9 58 3 10 108 5 15 158 7 24 208 10 20 258 13 25 308 18 20
9 1 10 59 3 11 109 5 16 159 7 25 209 10 21 259 13 26 309 18 21
10 1 11 60 3 12 110 5 17 160 7 26 210 10 22 260 13 27 310 18 22
11 1 12 61 3 13 111 5 18 161 7 27 211 10 23 261 14 15 311 18 23
12 1 13 62 3 14 112 5 19 162 8 9 212 10 24 262 14 16 312 18 24
13 1 14 63 3 15 113 5 20 163 8 10 213 10 25 263 14 17 313 18 25
14 1 15 64 3 16 114 5 21 164 8 11 214 10 26 264 14 18 314 18 26
15 1 16 65 3 17 115 5 22 165 8 12 215 10 27 265 14 19 315 18 27
16 1 17 66 3 18 116 5 23 166 8 13 216 11 12 266 14 20 316 19 20
17 1 18 67 3 19 117 5 24 167 8 14 217 11 13 267 14 21 317 19 21
18 1 19 68 3 20 118 5 25 168 8 15 218 11 14 268 14 22 318 19 22
19 1 20 69 3 21 119 5 26 169 8 16 219 11 15 269 14 23 319 19 23
20 1 21 70 3 22 120 5 27 170 8 17 220 11 16 270 14 24 320 19 24
21 1 22 71 3 23 121 6 7 171 8 18 221 11 17 271 14 25 321 19 25
22 1 23 72 3 24 122 6 8 172 8 19 222 11 18 272 14 26 322 19 26
23 1 24 73 3 25 123 6 9 173 8 20 223 11 19 273 14 27 323 19 27
24 1 25 74 3 26 124 6 10 174 8 21 224 11 20 274 15 16 324 20 21
25 1 26 75 3 27 125 6 11 175 8 22 225 11 21 275 15 17 325 20 22
26 1 27 76 4 5 126 6 12 176 8 23 226 11 22 276 15 18 326 20 23
27 2 3 77 4 6 127 6 13 177 8 24 227 11 23 277 15 19 327 20 24
28 2 4 78 4 7 128 6 14 178 8 25 228 11 24 278 15 20 328 20 25
29 2 5 79 4 8 129 6 15 179 8 26 229 11 25 279 15 21 329 20 26
30 2 6 80 4 9 130 6 16 180 8 27 230 11 26 280 15 22 330 20 27
31 2 7 81 4 10 131 6 17 181 9 10 231 11 27 281 15 23 331 21 22
32 2 8 82 4 11 132 6 18 182 9 11 232 12 13 282 15 24 332 21 23
33 2 9 83 4 12 133 6 19 183 9 12 233 12 14 283 15 25 333 21 24
34 2 10 84 4 13 134 6 20 184 9 13 234 12 15 284 15 26 334 21 25
35 2 11 85 4 14 135 6 21 185 9 14 235 12 16 285 15 27 335 21 26
36 2 12 86 4 15 136 6 22 186 9 15 236 12 17 286 16 17 336 21 27
37 2 13 87 4 16 137 6 23 187 9 16 237 12 18 287 16 18 337 22 23
38 2 14 88 4 17 138 6 24 188 9 17 238 12 19 288 16 19 338 22 24
39 2 15 89 4 18 139 6 25 189 9 18 239 12 20 289 16 20 339 22 25
40 2 16 90 4 19 140 6 26 190 9 19 240 12 21 290 16 21 340 22 26
41 2 17 91 4 20 141 6 27 191 9 20 241 12 22 291 16 22 341 22 27
42 2 18 92 4 21 142 7 8 192 9 21 242 12 23 292 16 23 342 23 24
43 2 19 93 4 22 143 7 9 193 9 22 243 12 24 293 16 24 343 23 25
44 2 20 94 4 23 144 7 10 194 9 23 244 12 25 294 16 25 344 23 26
45 2 21 95 4 24 145 7 11 195 9 24 245 12 26 295 16 26 345 23 27
46 2 22 96 4 25 146 7 12 196 9 25 246 12 27 296 16 27 346 24 25
47 2 23 97 4 26 147 7 13 197 9 26 247 13 14 297 17 18 347 24 26
48 2 24 98 4 27 148 7 14 198 9 27 248 13 15 298 17 19 348 24 27
49 2 25 99 5 6 149 7 15 199 10 11 249 13 16 299 17 20 349 25 26
50 2 26 100 5 7 150 7 16 200 10 12 250 13 17 300 17 21 350 25 27

351 26 27
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Appendix 8
A: The curvature of the street is changed. B: The width of the street is changed
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C: Variations in ground !oor façade.
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D: Variations in higher level façades.
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E: The width of the stores is changed.
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F: The length of the street is changed.
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