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Summary 
 
Introduction 
Nowadays, quality of life is widely discussed topic in literature. Residential satisfaction can 
often be used as an indicator for quality of life. Therefore, the research iƴǘƻ ǇŜƻǇƭŜΩǎ 
neighborhood preference has gained in importance. Especially for policymakers and 
municipalities, the ǊŜǎŜŀǊŎƘ ƛƴǘƻ ǇŜƻǇƭŜΩǎ ƴŜƛƎƘōƻǊƘƻƻŘ ǇǊŜŦŜǊŜƴŎŜǎ has a high priority. 
Because with this information neighborhoods can be adapted to attract a certain target group 
to improve social cohesion within the community. This study was executed to gain more 
knowledge into the overall neighborhood preference of people. In addition, more information 
was gathered about the preferences of socio-demographic sub- groups. By answering the first 
research question (RQ) of this study more insight will be gained into the neighborhood 
preferences of people. 
 
ΨΩWhat are the neighborhood preferences of people and are there observable differences 
between sub-groups?ΩΩ 
 
Stated preference (SP) surveys are the most commonly used survey type to investigate 
neighborhood preferences of people. Due to fast technological advances, more SP research 
surveys are executed using multimedia, deviating from the conventional text surveys. Several 
studies have compared the use of multimedia to text using a SP survey, but their conclusions 
are inconclusive and sometimes contradictory to each other. In order to make compelling 
ǎǘŀǘŜƳŜƴǘǎ ǊŜƎŀǊŘƛƴƎ ǇŜƻǇƭŜΩǎ ƴŜƛƎƘōƻǊƘƻƻŘ ǇǊŜŦŜǊŜƴŎŜǎΣ ōƻǘƘ ƳŜǘhods were compared and 
evaluated regarding their usefulness in neighborhood studies. One group of subjects 
participated in a text-only SP survey about neighborhood preferences while another group 
took part in a video-based SP survey, representing the multimedia part. Furthermore, the 
added value of the use of a video in neighborhood preference studies was investigated.  
 
ΨΩ!ǊŜ ǘƘŜǊŜ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘƘŜ ǇǊŜŦŜǊŜƴŎŜǎ ƻŦ ǘƘŜ video-based group and the text-only 
group? 
 
ΨΩ²Ƙŀǘ ƛǎ ǘƘŜ ŀŘŘŜŘ ǾŀƭǳŜ ƻŦ ǾƛŘŜƻ ōŀǎŜŘ {t ǉǳŜǎǘƛƻƴƴŀƛǊŜǎΚΩΩ 
 
Method 
Based on a literature study, six neighborhood attributes and their levels were selected (Table 
1). All six attributes and their levels can be visually represented in different ways, based on 
ǇŜƻǇƭŜΩǎ imagination, which made the outcomes of the comparison between the two methods 
interesting.  
 
!ǘǘǊƛōǳǘŜǎ ǘƘŀǘ ŎƻǳƭŘ ƴƻǘ ōŜ Ǿƛǎǳŀƭƭȅ ǇǊŜǎŜƴǘŜŘ ƭƛƪŜ ΨƳƻƴŜȅΩ Σ ΨǇǊƻȄƛƳƛǘȅ ǘƻ Ŏƛǘȅ ŎŜƴǘŜǊΩ ƻǊ 
ΨlocationΩ ǿŜǊŜ ƴƻǘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅΦ Lƴ ŀƭƳƻǎǘ ŀƭƭ ǊŜǎƛŘŜƴǘƛŀl SP studies, the attribute 
ΨƳƻƴŜȅΩ ƛǎ ƛƴŎƭǳŘŜŘΣ ǘƻ ƭŀǘŜǊ ƻƴ ŜȄǇǊŜǎǎ Ƙƻǿ ƳǳŎƘ ǇŜƻǇƭŜ ŀǊŜ ǿƛƭƭƛƴƎ ǘƻ Ǉŀȅ ŦƻǊ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ 
ǇǊŜŦŜǊŜƴŎŜ ǇŜǊ ŀǘǘǊƛōǳǘŜΦ IƻǿŜǾŜǊΣ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘ ǘƘŜ Ƴŀƛƴ ŦƻŎǳǎ ǿŀǎ ƻƴ ǇŜƻǇƭŜΩǎ 
neighborhood preference aside from what they would be willing to spend for two reasons. 
Firstly, in the Netherlands there is no municipal fee for the quality level of the neighborhood. 
Therefore, people do not pay for the neighborhood directly (monetary value). The second 
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point is that this study aimed to find the actual neighborhood preference of people aside from 
a monetary value or proximity to a city center. 
 

Table 1. Overview attributes and levels 

Attribute Levels 

Street design 1. Primarily for cars 
2. For cars/pedestrians and bicycles 

Parking type 1. On street 
2. Designated parking places 

Speed slowing measures 1. No 
2. Yes, speedbumps 

Playground in neighborhood 1. No 
2. Yes 

Pond in the neighborhood 1. No 
2. Yes 

Type of green 1. No green 
2. Low (grass) 
3. Medium (bushes) 
4. High (trees) 

 
 
For the multimedia part of this study, the use of four different levels of multimedia; pictures, 
panorama, a video and an interactive VR world were considered. Based on the limited 
timespan of the research and the control of the researcher on what people see the choice was 
made to use a video to represent the neighborhood.  
 
 A fractional factorial design of 16 neighborhoods, instead of 128, was used in this study due 
to practical constrictions of the number of respondents and the time a person would be willing 
to spend filling in the survey. Also, with the use of a fractional factorial design a good 
representation could be presented of the total 128 possibilities.  
 
The drawing package Blender Render was used to produce the videos, because it was available 
as an open source program to increase transparency and reproducibility of the study. In 
addition, Blender Render could be used to create high quality textures in the video 
experiment, to make the environment more lifelike. All rendered movies had the same 
duration and the attributes that were not measured (for instance lampposts) had the same 
location color and amount in every movie. This was done to make sure that these variables 
did not create bias and were not measured in the online survey. 
 
In order to make sure that the experiment methods were comparable, both contained exactly 
ǘƘŜ ǎŀƳŜ ǉǳŜǎǘƛƻƴǎ ŀƴŘ ŀǘǘǊƛōǳǘŜǎΦ .ƻǘƘ ǎǳǊǾŜȅ ǘȅǇŜǎ ǿŜǊŜ ƳŀŘŜ ǿƛǘƘ ǘƘŜ Ψ.ŜǊƎ ŜƴǉǳŜǘŜ 
ǎȅǎǘŜƳΩΣ ǿƘƛŎƘ ƛǎ ŀƴ ƻƴƭƛƴŜ ǎǳǊǾŜȅ ǇƭŀǘŦƻǊƳ that allows to embed movies and/or pictures. The 
(16) ǊŜƴŘŜǊŜŘ ƳƻǾƛŜǎ ǿŜǊŜ ƛƴŎƭǳŘŜŘ ŀǎ ¸ƻǳ¢ǳōŜ ǾƛŘŜƻΩǎ ƛƴǘƻ ǘƘŜ ǎǳǊǾŜȅΦ 
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Since a 10 point rating scale without middle (neutral) option was used to score each 
neighborhood, an ordinal regression was used to analyze the data. In order to perform an 
ordinal regression, the levels of each attribute were recoded as dummy variables. 
 
Results 
The socio-demographics of both experiments were comparable, which allowed to compare 
the outcomes of both experiment types. In total 565 people opened one of the surveys, from 
which 212 respondents completed either one of the surveys. In the video survey the 
completion rate was lower compared to the text experiment. This could be related to the 
duration time, which was a few minutes longer compared to the text-only survey. Another 
reason could be that several respondents that were recruited through a company had to quit 
the video ǎǳǊǾŜȅ ōŜŎŀǳǎŜ ǘƘŜ ŎƻƳǇŀƴȅ ōƭƻŎƪŜŘ ǘƘŜ ¸ƻǳ¢ǳōŜ ǾƛŘŜƻΩǎΦ 
 
Two unexpected findings were detected in the SPSS output of the ordinal regression. Based 
on literature, it was expected that respondents would enjoy the video survey more compared 
to the text-only survey. To test this, all respondent were asked to indicate on a seven point 
Likert scale how much he or she enjoyed to fill in the survey. Unexpectedly, the text-only 
survey scored slightly higher compared to the video experiment, which was the opposite of 
what was initially expected. Secondly, in the video experiment all respondents see the same 
representation of each attribute, while in the text-only experiment they are left to their 
imagination. Therefore, a better model fit was expected for the video experiment. However, 
in this study both experiment types had an overall good model fit, but the text-only 
experiment scored a lot better in terms of model fit (prediction). 
 
The part-worth utilities of both experiments types were converted into the relative 
importance of each attribute, which made them comparable. The ranking of all attributes from 
both methods is shown in Table 2. In boǘƘ ŜȄǇŜǊƛƳŜƴǘ ǘȅǇŜǎΣ ǘƘŜ ŀǘǘǊƛōǳǘŜ ΨƎǊŜŜƴ ǘȅǇŜΩ 
displayed the highest relative importance (±50%). However, the relative importance of the 
other attributes were different between the two experiment types, which resulted in a 
different ranking in attribute importance (Table 2). 
 
In both experiment types, differences were found between different sub-groups. Not all of 
these differences in sub-groups were consistent between the two experiment types. Those 
that were consistent between the survey types are considered as solid evidence. For instance, 
the relative importance of the presence of a playground and the presence of speedbumps was 
higher in a household with children compared to a household without children (in both 
experiment types).  
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Table 2. Relative importance ranking of the attributes 

 
Video experiment Text-only-experiment 

1 Green type Green type 

2 Parking type Presence playground 

3 Street design Speed slowing 
measures 

4 Presence pond Parking type 

5 Presence playground Presence pond 

6 Speed slowing 
measures 

Street design 

 
 
 
Conclusion 
The answer to the first RQ is that there are observable difference between the sub-groups. 
However, the experiment types contradicted each other in some sub-groups and therefore, 
only differences that were found in both experiment types were considered as ΨǘǊǳŜΩΦ The 
differences between experiment types could be caused by the low amount of respondents 
per sub-group. The overview of the overall preference of people is shown in Table 2 for both 
experiment types. The answer to the second question is that there are indeed differences 
between the two experiment types in attribute importance (Table 2).  
 
Researchers need to be very careful when using a multimedia survey and consider if using 
multimedia has added value (RQ 3) for the specific research they want to perform. For overall 
preferences the use of a text-only SP survey should be sufficient. The pitfall in using 
multimedia is that attributes and levels can be shown in multiple ways, which can deviate from 
how the neighborhood is actually going to be. Therefore, using multimedia is advised only in 
situations when the representation of the attributes is the same as how they are going to be 
made in the real neighborhood, or when the attribute cannot be explained in a few words 
(text). 
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Samenvatting 
 

Introductie 
Kwaliteit van leven is tegenwoordig een veelbesproken onderwerp in de literatuur. 
Woontevredenheid kan worden gebruikt als een indicator voor de kwaliteit van leven. 
Hierdoor is onderzoek naar wijkvoorkeuren van mensen belangrijker geworden. Vooral voor 
beleidsmakers en gemeenten heeft onderzoek naar wijkvoorkeuren van mensen een hoge 
prioriteit. Door deze informatie kunnen wijken aangepast worden om bepaalde groepen 
mensen aan te trekken en daarmee de sociale cohesie binnen de wijk te verbeteren. Deze 
studie was uitgevoerd om een beter beeld te krijgen van de wijkvoorkeuren van mensen. 
Daarnaast is meer informatie verkregen over de voorkeuren van socio-demografische 
subgroepen. Door de eerste hoofdvraag van dit onderzoek te beantwoorden is meer inzicht 
verkregen in de wijkvoorkeuren van mensen. 
 
'' Wat zijn de wijkvoorkeuren van mensen en zijn er waarneembare verschillen tussen 
subgroepen? '' 
 
Ψ{ǘŀǘŜŘ ǇǊŜŦŜǊŜƴŎŜ ό{tύΩ Ŝƴǉuêtes zijn het meest gebruikte type als het gaat om het 
onderzoeken van wijkvoorkeuren van mensen. Vanwege de snelle technologische 
ontwikkelingen worden meer SP enquêtes uitgevoerd die gebruik maken van multimedia, 
afwijkend van de traditionele tekst enquêtes. Meerdere studies vergelijken het gebruik van 
multimedia in SP enquêtes met het gebruik van tekst in SP enquêtes, maar hun conclusies en 
resultaten zijn tegenstrijdig. In deze studie worden twee enquêtes vergeleken, namelijk een 
die gebruik maakt van multimedia (video) en een traditionele tekst enquête. 
 
'' Zijn er verschillen tussen de voorkeuren van de video groep en de groep met alleen tekst?ΩΩ 
 
'' Wat is de meerwaarde van op video gebaseerde SP vragenlijsten? '' 
 
Methode 
Op basis van een literatuurstudie zijn zŜǎ ΨŀǘǘǊƛōǳǘŜǎΩ Ŝƴ ŎƻǊǊŜǎǇƻƴderende onderliggende 
levels ƎŜƪƻȊŜƴΦ !ƭƭŜ ȊŜǎ ΨŀǘǘǊƛōǳǘŜǎΩ Ŝƴ Ƙǳƴ ƻƴŘŜǊƭƛƎƎŜƴŘŜ ƭŜǾŜƭǎ ƪǳƴƴŜƴ ƻǇ ǾŜǊǎŎƘƛƭƭŜƴŘŜ 
ƳŀƴƛŜǊŜƴ ǾƛǎǳŜŜƭ ǿƻǊŘŜƴ ǿŜŜǊƎŜƎŜǾŜƴΦ Ψ!ǘǘǊƛōǳǘŜǎΩ ŘƛŜ ŜƴƪŜƭ ŀƭǎ ǘŜƪǎǘ ǿŜŜǊƎŜƎŜǾŜƴ ƪƻƴŘŜƴ 
worden, zoals afstand en geld, zijn niet gebruikt in deze studie. Voor het multimedia gedeelte 
Ǿŀƴ ŘŜȊŜ ǎǘǳŘƛŜ ȊƛƧƴ ǾƛŜǊ ǎƻƻǊǘŜƴ ƻǾŜǊǿƻƎŜƴΤ ŦƻǘƻΩǎΣ ǇŀƴƻǊŀƳŀΣ ǾƛŘŜƻ Ŝƴ ŜŜƴ ƛƴǘŜǊŀŎǘƛŜǾŜ 
virtual reality (VR) wereld. Op basis van de beperkte tijdspanne van het onderzoek en de 
controle van de onderzoeker op wat mensen zien, is ervoor gekozen om een video te 
gebruiken om de wijk te visualiseren. 
 
Het tekenpakket Blender Render werd gebruikt om de video's te produceren, omdat het 
beschikbaar was als een open source-programma om de transparantie en 
reproduceerbaarheid van het onderzoek te vergroten. Daarnaast kan Blender Render worden 
gebruikt om hoogwaardige ΨǘŜȄǘǳǊŜǎΩ te maken in het video-experiment, waardoor de virtuele 
omgeving meer levensecht wordt. Alle filmpjes hadden dezelfde duur en de objecten die niet 
werden gemeten (bijvoorbeeld lantaarnpalen) hadden in elke film dezelfde locatie, kleur en 
aantal. Dit is gedaan om ervoor te zorgen dat deze variabelen niet werden gemeten in de 
online enquête. 5Ŝ ǾƛŘŜƻΩǎ ȊƛƧƴ ŀƭǎ ¸ƻǳ¢ǳōe video verwerkt in de online enquête door middel 
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van het Berg enquête systeem. De respondenten van de enquêtes werden gevraagd om elke 
wijk te beoordelen op een 10 puntenschaal, zonder neutrale (midden) optie. 
 
Resultaten 
De socio-demografische gegevens van beide experimenten waren vergelijkbaar, waardoor de 
resultaten van beide soorten experimenten vergeleken konden worden. In totaal hebben 565 
mensen een van de enquêtes geopend, waarvan 212 respondenten de enquêtes hebben 
ingevuld. In de video-enquête was het voltooiingspercentage lager in vergelijking met de 
tekst-enquête. Dit kan te maken hebben met de duur van de video-enquête, welke een paar 
minuten langer was in vergelijking met de enquête alleen voor tekst.  
 
Op basis van de literatuur werd verwacht dat respondenten het leuker zouden vinden om de 
video-enquête in te vullen. Onverwachts scoorde het tekstonderzoek iets hoger in vergelijking 
met het video-experiment, wat het tegenovergestelde was van wat aanvankelijk werd 
verwacht. Tevens was een betere model fit (voorspelling) verwacht voor het video-
experiment, omdat alle respondenten in het video-experiment dezelfde weergave van elk 
ΨŀǘǘǊƛōǳǘŜΩ te zien kregen. Terwijl respondenten in het experiment met alleen tekst aan hun 
verbeelding worden overgelaten. In deze studie hadden beide typen experimenten echter een 
goede overall-fit, maar het experiment met alleen tekst scoorde duidelijk beter in termen van 
model fit (voorspelling). 
 
De waardes van beide soorten experimenten werden omgezet in het relatieve belang van elk 
ΨŀǘǘǊƛōǳǘŜΩ, waardoor ze vergelijkbaar werden. De rangorde van alle ΨŀǘǘǊƛōǳǘŜǎΩ van beide 
methoden is weergegeven in Tabel 1. In beide soorten experimenten vertoonde het ΨŀǘǘǊƛōǳǘŜΩ 
type groen het hoogste relatieve belang (± 50%). Het relatieve belang van de anderen was 
echter verschillend tussen de twee experimenttypen, wat resulteerde in een andere 
rangschikking in attribuutbelang (Tabel 1) 
 

Tabel 1. Volgorde rŜƭŀǘƛŜŦ ōŜƭŀƴƎ ΨŀǘǘǊƛōǳǘŜǎΩΩ 

 
Video experiment Tekst experiment 

1 Groen type Groen type 

2 Parkeer type Aanwezigheid speeltuin 

3 Straat design Snelheid vertragende 
maatregelen 

4 Aanwezigheid vijver Parkeer type 

5 Aanwezigheid speeltuin Aanwezigheid vijver 

6 Snelheid vertragende maatregelen Straat design 

 
 
In beide experiment soorten werden verschillen gevonden tussen subgroepen. Niet al deze 
verschillen in subgroepen waren consistent tussen de twee experimenten. Degenen die 
consistent waren tussen beide soorten enquêtes worden beschouwd als solide bewijs. Het 
relatieve belang van de aanwezigheid van een speeltuin en de aanwezigheid van 
verkeersdrempels was bijvoorbeeld hoger in huishoudens met kinderen in vergelijking met 
een huishouden zonder kinderen (in beide soorten experimenten). 
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Conclusie 
Het antwoord op de eerste onderzoeksvraag is dat er een waarneembaar verschil is tussen de 
subgroepen. De ǳƛǘƪƻƳǎǘŜƴ Ǿŀƴ ŘŜ ΨŀǘǘǊƛōǳǘŜǎΩ ƛƴ ŘŜ ǘǿŜŜ experimenttypen spreken elkaar in 
sommige subgroepen tegen en daarom worden alleen verschillen die in beide 
experimenttypen naar voren kwamen als 'waar' beschouwd. Het lage aantal respondenten 
per subgroep kan de oorzaak zijn van verschillen tussen de experimenttypen. Het overzicht 
van de algemene wijkvoorkeur van mensen is weergegeven in Tabel 1 voor beide soorten 
experimenten (onderzoeksvraag 1). Het antwoord op de tweede vraag is dat er inderdaad 
verschillen zijn tussen de twee soorten experimenten (video en tekst), zoals weergegeven in 
Tabel 1. 
 
Onderzoekers moeten heel voorzichtig zijn bij het gebruik van een SP enquête die gebruik 
maakt van multimedia en overwegen of het gebruik van multimedia een meerwaarde heeft 
(onderzoeksvraag 3) voor het specifieke onderzoek dat ze willen uitvoeren. Voor algemene 
voorkeuren zou het gebruik van een SP-enquête met alleen tekst voldoende moeten zijn. Een 
valkuil bij het gebruik van multimedia is dat ΨattributeǎΩ en de onderliggende levels op 
verschillende manieren kunnen worden getoond, wat kan afwijken van hoe de buurt er in het 
echt uit komt te zien. Daarom wordt het gebruik van multimedia alleen geadviseerd in 
situaties waarin de representatie van de ΨattributeǎΩ hetzelfde is als hoe ze in de echte buurt 
worden gemaakt, of wanƴŜŜǊ ŘŜ ΨŀǘǘǊƛōǳǘŜǎΩ niet in een paar woorden (tekst) kunnen worden 
uitgelegd. 
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Abstract 
Residential satisfaction is often seen as an indicator for quality of life, which makes research 
ƛƴǘƻ ǇŜƻǇƭŜΩǎ ƴŜƛƎƘōƻǊƘƻƻŘ ǇǊŜŦŜǊŜƴŎŜs an important topic. Traditionally a stated preference 
study (SP) contains written attributes (text), which leave the respondent to make mental 
images for him- or herself. With current progress in virtual reality (VR) applications more SP 
surveys are performed with the use of multimedia. This study adds to the neighborhood 
preference literature, as well to the discussion whether multimedia application in SP surveys 
has added value. In this study six neighborhood attributes have been used and presented to 
two different respondent groups. One group filled in the conventional text-only experiment, 
while the other group carried out the video experiment. Both experiment designs used a ten 
point rating scale to express neighborhood preference and were analyzed using an ordinal 
regression.  
 
In total 215 respondents completed either one of the survey types. The overall model fit of 
the text-only experiment was better compared to the video experiment. Additionally, 
respondents slightly enjoyed the text-only experiment more. In both experiment types the 
attribute Ψgreen typeΩ scored almost 50% on relative importance of the whole attribute set.  
The other five attributes showed a different importance order between the two experiment 
types. The results indicate that respondents that filled in the text-only survey thought more 
about how important they considered the individual attributes, while in the video experiment 
the larger visual attributes gained importance. This raises the question if the application of 
multimedia may lead to incorrect preference scores. Researchers need to be very careful 
when using a multimedia survey and evaluate if using multimedia has added value for the 
specific research they want to perform. For overall preferences the use of a text-only SP survey 
should be sufficient. The pitfall in using multimedia is that attributes and levels can be shown 
in multiple ways, which can deviate from how the neighborhood is actually going to be. 
Therefore, using multimedia is advised only in situations when the representation of the 
attributes is the same as how they are going to be made in the real neighborhood, or when 
the attribute cannot be explained in a few words (text). 
 

 

Keywords:  

Neighborhood preference, attribute visualization, stated preference, presentation style  
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1. Introduction 
 
In this introduction the topic, research questions and aim of the thesis are presented. In 
addition, the research method that was used to answer these research questions is discussed. 
The outline of the introduction is structured in sections to provide a clear overview of the 
research that has been conducted in this study. Therefore, the introduction will discuss the 
problem framework and definition, research goal, research boundaries, research design, the 
social and scientific importance of this study. At the end of this chapter a reading guide is 
added to provide the reader with a clear overview of the organization of this report. 
 

1.1 Problem definition 
Social separation is a problem that often occurs in residential areas where only one layer of 
the population is present (for instance the Dutch ΨǾƻƎŜƭŀŀǊǿƛƧƪŜƴΩύ (Kullberg & Permentier, 
2013). One way to increase social coherence in a neighborhood is to make areas attractive for 
people from other classes of society. This can be done in two ways, namely by changing the 
housing stock or through making the neighborhood attractive for other socio-demographic 
groups. The first method, to change the housing stock, is a rather difficult approach since often 
houses are owned by the people residing there. Secondly, by making the neighborhood more 
attractive for other socio-demographic groups the quality of life of people will indirectly 
increase. The second manner is easier for policy makers to implement, while they do not deal 
with multiple owners. By making the neighborhood more attractive for other socio-
demographic groups, the quality of life of people will increase, even if they already live in the 
type of neighborhood they prefer.  
 
Until now the most commonly used method to gain knowledge about residential preferences 
of different layers of the population have been text surveys. Recently, rapid technical 
advances in the field of virtual reality (VR) have led to the idea to implement multimedia as an 
additional method to investigate the preferences of people. However, the use of multimedia 
for this purpose is under discussion. multimedia ƎƛǾŜǎ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ǘƻ ŦƛƴŘ ǇŜƻǇƭŜΩǎ 
preference more accurate for attributes that are very visual, instead of only using text. For 
example the square meters of a house can probably better be shown as text-only, instead of 
processing in a virtual world. For instance architectural style or types of green can probably 
better be visualized through multimedia instead of text-only, because multimedia is less 
ōƛŀǎŜŘ ōȅ ǘƘŜ ǇŜǊǎƻƴΩǎ ƛƳŀƎƛƴŀǘƛǾŜ ŎŀǇŀōƛƭƛǘƛŜǎΦ 
 

1.2 Research question(s) 
The research problem is twofold, namely the neighborhood preferences themselves and the 
differences in outcomes between the use of multimedia and text-only surveys. In the 
academic literature, researchers do not agree on the use of multimedia in stated preference 
(SP) surveys. By using two survey types (multimedia and text-only), more insight will be 
gathered in the (un)likeness they have. The research will add to the literature on residential 
preferences. The study is divided in a technical part, in which the multimedia model was 
developed, and a part in which the outcome in residential preferences between different 
layers of the population is investigated. 
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¢ƘǊŜŜ Ƴŀƛƴ ǊŜǎŜŀǊŎƘ ǉǳŜǎǘƛƻƴǎ ǿŜǊŜ ŦƻǊƳǳƭŀǘŜŘ ŦƻǊ ǘƘƛǎ ǎǘǳŘȅΦ ¢ƘŜ ŦƛǊǎǘ ŦƻŎǳǎǎŜǎ ƻƴ ǇŜƻǇƭŜΩǎ 
neighborhood preferences, while the second and third question focus on differences between 
the models and the added value of video-based questionnaires. 
 
1 What are the neighborhood preferences of people and are there differences observable 
between sub-groups? 
 
This question contributes to the SP literature on neighborhood choice, which will be discussed 
further on in this report. A lot of research has been performed in this area, except not with the 
use of video application. Hence, this study will add to the already existing literature with the 
use of video as an innovative element. Primarily the influence of house prices, house attributes, 
distances to public transport, work and others on residential preferences are investigated in 
current literature. In this study, neighborhood preferences will be investigated, without taking 
into account housing attributes or using monetary values. 
 
2 Are there differences between the preferences of the video-based group and the text-only 
group?  
 
The second main question focusses on the difference between both survey versions (text-only 
and video). In the literature not all studies agree that there are prominent differences between 
the two tests types. Researchers do not agree on these differences and argue that one method 
might be better than the other, while some say they are a lot alike. Until now only one study 
has been executed with a respectable amount of respondents (Patterson, Darbani, Rezaei, & 
Zacharias, 2017). While others have been done with a lower number of respondents and are 
difficult to base conclusions on.  
 
3 What is the added value of video-based SP questionnaires? 
 
With this research, more information will be gathered on the (un)likeliness of the two methods 
and their applicability in neighborhood studies. By answering this research question the added 
value of using multimedia in SP neighborhood surveys should become evident and it will add 
to a more consistent way of using multimedia. Additionally, previous research focusses on a 
combination of text and multimedia against a text-only study. The aim of these studies was to 
investigate if the use of text is less important in a multimedia study as compared to a text-only 
study. In contrast to this previous research, this study will solely focus on visual attributes and 
therefore compares a multimedia study with a text-only study. 
 
The first research objective is to investigate ǇŜƻǇƭŜΩǎ ǊŜǎƛŘŜƴǘƛŀƭ ǇǊŜŦŜǊŜƴŎŜǎ and compare 
these between different sub-groups of the population. The second objective aims to compare 
the video group with the text-only group, while the third objective examines if the video 
experiment has added value compared to the text-only experiment. The set of attributes in 
this study are subjected to the use of video and the drawing capabilities of the researcher. 
This means that not all attribute types can be used or extreme precaution would be necessary 
when drawing them. In the literature a lot of concerns are expressed ƻƴ ΨƘƛŘŘŜƴΩ ŀǘǘǊƛōǳǘŜǎ 
that could affect peoǇƭŜΩǎ ŎƘƻƛŎŜ. The possible effects of these hidden attributes will be taken 
into account and are minimalized when creating the virtual world.  
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1.3 Research design 
The first step in designing the research is to define the attributes and their corresponding 
levels. After deciding on the attributes the profiles can be determined. Subsequently, the 
surveys are developed (Figure 1). These steps will take less time for the text-only survey 
compared to the video survey. The video survey will require more time, because the virtual 
world has to be created and integrated into the online survey. When both the video and text-
only survey are completed, an expert panel will be asked to compare both survey types and 
evaluate if they are similar and comparable in terms of outcome. When they are not similar, 
the critique will be processed and the improved version is presented to the panel of experts. 
When the surveys are approved, both will be executed. This will take time, because enough 
respondents need to be recruited for both surveys (twice as much respondents are needed). 
Subsequently the socio-demographics of both respondent groups will be investigated using 
descriptive statistics to investigate, whether these are comparable between groups. If the 
socio-demographics are consistent between the respondent groups, the data will be analyzed 
and the preferences between the two methods can be compared and conclusions can be 
drawn.   
 
 
 

 
Figure 1. Research design 

 

1.4 Expected results 
The results of this study can provide municipalities, project developers and other instances 
with a good view on which attributes people value in a neighborhood. The expected 
neighborhood preferences per attribute will be discussed in section 3.2 Attributes survey. In 
addition to neighborhood preferences of different sub-groups, the outcome between the 
traditional text-only and the video-based survey is investigated. Since all of the chosen 
attributes can be visually pictured in many different ways, a difference in neighborhood 
preferences is expected between the two methods. In the text-only survey people have to 
imagine the surrounding, which is likely to deviate from the neighborhood that is used in the 
video experiment. For example, because all attributes can have different sizes, shapes or 
locations. 
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1.5 Research limitations 
At the start of the research project the researcher had limited knowledge on how to design a 
virtual world. Since learning how to build a virtual world requires a lot of time and the project 
was bound to time restrictions, the choice was made to create a video representation. 
Developing an interactive VR world would cost too much time and the control of the 
researcher would be less. A good representation of the neighborhood is sufficient for this 
study, however, the video design may lack supplementary details. Since neighborhood 
preferences are compared between two experiment types, twice the amount of respondents 
are required. Therefore, finding the amount of respondents for two studies will be challenging.  
The research focusses on the environment (neighborhood) and not on housing attributes or 
distances to for example the city center. 
 

1.6 The practical and scientific importance 
This research will provide municipalities, project developers and other instances with better 
knowledge on how to improve neighborhoods and attract specific socio-demographic groups. 
Based on this research, measures can be taken in neighborhoods to improve quality of life, as 
well as attract other socio-demographic groups.  
 
The scientific importance of this study is twofold, ŦƛƴŘƛƴƎ ǇŜƻǇƭŜΩǎ ǇǊŜŦŜǊŜƴŎŜ ŀƴŘ ŦƛƴŘƛƴƎ ǘƘŜ 
differences and added value of video-based survey in comparison with a text-only survey. 
First, with this stǳŘȅ ƳƻǊŜ ƛƴǎƛƎƘǘ ƛƴ ǇŜƻǇƭŜΩǎ ƴŜƛƎƘōƻǊƘƻƻŘ ǇǊŜŦŜǊŜƴŎŜǎ will be gained and 
add to neighborhood preference research. This study is unique because it solely focusses on 
neighborhood attributes aside from non-visual attributes (e.g. money and distances). The 
second important contribution to literature is the comparison between the conventional text-
only and the video survey. Previous research does not agree on whether the use of multimedia 
has added value. With this study more research will be obtained about the similarities and 
differences between the two methods. Subsequently a decision can be made on what the 
added value of using multimedia in SP neighborhood studies is. 
 

1.7 reading guide 
This research paper is divided in four chapters, the current chapter is the first and presents 
the introduction to the problem and the limitations of this study. The second chapter discusses 
previous literature to get a better perspective on the problem and the research that has 
already been performed on this matter. The methodology of the study is explained in chapter 
three of this paper. The fourth chapter presents the outcomes of the analysis and a conclusion 
based on all chapters forms the last fifth chapter. Additionally, this last chapter gives 
directions for future studies in the neighborhood and multimedia field.  
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2. Literature review 
Before the actual experiment can be executed, a literature study needs to be done to discuss 
other research in the field and determine how to perform the research. 
 

2.1 Neighborhood preference 
In this first section the importance of performing neighborhood research will be discussed, as 
well as the factors that influence the preference of people. Additionally an overview of the 
attributes that are used in residential and neighborhood studies will be provided. 
 

2.1.1 The importance of residential and neighborhood satisfaction 
When choosing a place to reside, people want to achieve a good level of quality of life. Housing 
satisfaction is often an indicator of quality of life (Ahn & Lee, 2016) is one of the domains 
under residential satisfaction. Residential satisfaction has been defined in literature as the 
level of pleasure one receives from living in a specific place (Ahn & Lee, 2016). A survey which 
was performed by the Dutch ministry (Het ministerie van Binnenlandse Zaken en 
Koninkrijksrelaties, 2016) showed that 97% of the people who find their residential area (very) 
attractive expressed that their neighborhood is nice and 65% feels attached to their 
neighborhood. Individuals are more likely to have place attachment, when they are more 
satisfied with the physical and social characteristics of the neighborhood (Mesch & Manor, 
1998, p. 514). Also Sirgy and Cornwell (2002) found that neighborhood features affect quality 
of life through the mediating effects of community satisfaction, housing satisfaction and home 
satisfaction (Sirgy & Cornwell, 2002). Thus, when people are less satisfied about their 
neighborhood this results in a lower quality of life. This is the case in multiple neighborhoods, 
as discussed in sub-section 1.1 Problem definition. The ǊŜǎŜŀǊŎƘ ƛƴǘƻ ǇŜƻǇƭŜΩs preferences 
regarding their surroundings is very important to ensure a good quality of life within a 
community  
 

2.1.2 Factors that influence residential and neighborhood preferences 
When choosing a place to live, people need to decide on a type of dwelling in a certain kind of 
residential area (Vasanen, 2012). City management can influence the characteristics of the 
house, neighborhood, and resident, thus the habitability of a residential setting (Erdogan, 
Akyol, Ataman, & Dokmeci, 2007). The topics housing choice and housing preference have 
been studied from various angles. Some of these angles are; life course, family events, 
geographical changes and households seeking housing that corresponds with their needs 
(Vasanen, 2012).  
 
Residential preferences are influenced by many factors. When going through the life cycle 
(e.g., changes in income, education level, age and household composition) people have 
different needs and therefore wishes in their residential state. For example when a child is 
born and a family expands, their wishes and needs change. Larger families need more rooms 
and value a safe environment with a playground for the child (Patterson et al., 2017; Jansen 
et al., 2009; Nijenstein et al., 2015; Heins, 2004, Badland et al, 2012; Vasanen, 2012). Families 
with children prefer to live further away from the city center, while the adolescent and older 
respondents favor to live centrally (Lindberg, Hartig, Garvill, & Garling, 1992). Van 
Cauwenberg et al. (2016) found that among older adults the sidewalk evenness is a very 
important attribute, while the attribute traffic calming device had a very low importance. The 
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neighborhood preferences in the study executed by Badland et al. (2012) are different 
between groups of people. Preference differences are found in the group age, education level 
and household income. However Badland et al. (2012) only focusses on the urban style 
preference of people. Lindberg et al. (1992) looked at the influence of the life cycle stages on 
preferences on housing as well as neighborhood preference. {ƛƴŎŜ ǇŜƻǇƭŜΩǎ ƴŜƛƎƘōƻǊƘƻƻŘ 
preferences change when going through the life cycle it is very important in neighborhood 
studies to include descriptive questions regarding, among others, education level, age and 
household income (Michaelson, 1977). 
 
Patterson et al. (2017) use current dwelling tenure type, while Liao et al. (2015) look at 
multiple neighborhood and dwelling characteristics of the current dwelling of the 
respondents. These studies show that not only socio-demographic groups can be formed, but 
also groups of people, based on their current residential/neighborhood characteristics. 
Additionally, ǘƘŜ 5ǳǘŎƘ Ψ²ƻƻƴ ƻƴŘŜǊȊƻŜƪΩ (Rijksoverheid, 2012), which is a large survey 
executed by the Dutch government, uses demographics to find preferences of groups of 
people. These demographics of the respondents and their preferences can be important 
knowledge for policy makers as well as developers and other instances. Thus, together these 
studies indicate that the current living situation of people influences their residential and 
neighborhood preferences. Therefore when performing neighborhood research it is very 
important to take these into account. In section 3.5 Survey the factors (e.g. socio-
demographics and neighborhood characteristics) that are examined in this study are 
discussed. 
 

2.1.3 Attributes residential and neighborhood preferences 
The attributes in this study are based on a literature study. For this purpose relevant studies 
that used text and/or multimedia methods are reviewed in Table 3. The article title as well as 
the purpose of each research is as well summarized in Table 3. In addition, a column showing 
the number of participants was added to give an idea about on how many respondents 
participated in each study. One of the most used attributes is the attribute price, however this 
will not be used as indicated earlier, because the focus of this research lies on the actual 
preferences, without the influence of price. Another attribute that is often used, is the 
proximity or distance to something, this can be city center, park, supermarket, transit. Only 
visual attributes will be used in this study, therefore the proximity or distance attribute will 
not be used. Some studies in Table 3 only focus on housing attributes and others on a 
combination of housing and neighborhood attributes. the attributes that have to do with 
housing will not be examined further.  
 
Louviere and Timmermans (1990) use multiple neighborhood attributes, such as greenery, 
playgrounds and the amount of traffic in the neighborhood. Liao et al. (2015) and Tian et al. 
(2015) use in their studies the neighborhood attributes; street design and the parking 
availability in the neighborhood. The type of car parking is used as a neighborhood attribute 
by Molin et al. (1996). Traffic calming device is an attribute used by Van Cauwenberg, et al. 
(2016), which is an attribute that can be placed in the category of safety related attributes 
within the neighborhood. Vos et al. (2016) use in their study the neighborhood attributes 
presence of bike lanes and the presence of green, which have been mentioned earlier, 
because other studies also used these attributes. 
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Additionally in the study performed by Heins (2004), respondents were asked which attributes 
they considered important in a rural residential environment (Appendix A ς Frequently stated 
preferences). Typical characteristics of the rural landscape such as nature, open spaces, water 
and animals are much valued among the characteristics of the residential environment (Heins, 
2004). Quietness and safety are considered very important social characteristics of the 
residential environment, as can be seen in Appendix A ς Frequently stated preferences. Both 
were considered as reject-inducing attributes by almost all respondents and even 90% 
considered them essential (Heins, 2004).  
 

Table 3. Attributes other studies 

Article Participants Purpose Key Attributes Methods 
Alternate methods of conjoint 
analysis for estimating 
housing preference functions: 
Effects of presentation style 
 
(Orzechowski, Arentze, Borgers, 
& Timmermans, 2005) 

35 Text only 
29 multimedia 

Whether the two 
different 
presentation styles 
result in different 
housing preference 

-Price 
-Number of bedrooms 
-Dormer window 
-House (incl. 
extensions) 

-Text only   
-Multimedia  
 
-Discrete choice model 

Comparing text-only and virtual 
reality discrete choice 
experiments 
of neighbourhood choice 
 
(Patterson, Darbani, Rezaei, & 
Zacharias, 2017) 

184 Text only 
184 multimedia 

Compare the 
statistical choice 
model results 
obtained from two 
DCEs with different 
representation 
methodologies 

-Dwelling type 
-Space between 
buildings 
-Depth front yard 
-Travel time work (car) 
-Travel time work (PT) 
-Travel time to shops  
-Home value 

-Text only 
-Multimedia 
Respondent can 
navigate through 
environment 
 
-Discrete choice model 

The effects of pre-experimental 
training on the 
validity and reliability of conjoint 
analysis: the case 
of housing preference 
 
(Maciej, Arentze, Borgers, & 
Timmermans, 2012) 

64 participants Examine the 
effects of 
pre-experimental 
training on the 
internal, external 
and predictive 
validity of the 
estimated 
conjoint choice 
model. 

-Price 
-Number of bedrooms 
-Dormer window 
-House (incl. 
extensions) 

-Text only 
-Multimedia 
 
-Discrete choice model 

The impact of including images in 
a conjoint 
measurement task: evidence 
from two small-scale studies 
 
(Jansen, Boumeester, Coolen, 
Goetgeluk, & Mollin, 2009) 

28 respondents examine the 
impact of including 
images in a 
conjoint 
measurement task 

-Dwelling type 
-Architectural style 
-Costs 
-Residential 
environment 
-Number of rooms 
 

-Text only 
-Images combined 
with text 
 
-Discrete choice model 

Beyond demographics: human 
value orientation 
as a predictor of heterogeneity in 
student housing preferences 
 
(Nijenstein, Haans, Kemperman, 
& Borgers, 2015) 

667 participants choice 
heterogeneity in 
ǎǘǳŘŜƴǘǎΩ ƘƻǳǎƛƴƎ 
preferences in the 
Netherlands 

-Price 
-Dwelling size 
-Cycling time 
-Bathroom 
-Kitchen 
-Walking time to park 
-Walking time to 
supermarket 
-Outdoor space 
 
 
 
 

-Text only 
 
-Discrete choice 
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Article Participants Purpose Key Attributes Methods 
Hierarchical Information 
Integration Applied 
to Residential Choice Behavior 
 
(Louviere & Timmermans, 1990) 
 

76 participants introduce, discuss 
and apply a 
recently 
proposed research 
approach for 
studying complex 
decision making 
called 
hierarchical 
information 
integration 

-Distance to parking 
-Amount of traffic 
-View 
-Privacy 
-Greenery 
-Playgrounds 

-Text only 
 
-Discrete choice 
 

Rural living in city and 
countryside: Demand and supply 
in 
the Netherlands 
 
(Heins, 2004) 
 

112 participants Most frequently 
stated preferences 

See Appendix A ς 
Frequently stated 
preferences 

-Indicate most 
important attribute 

Association of neighbourhood 
residence and preferences with 
the built environment, work-
related travel behaviours, and 
health implications 
for employed adults: Findings 
from the URBAN study 
 
(Badland, et al., 2012) 

1616 participants Association of 
neighbourhood 
residence and 
preferences with 
the built 
environment, 
work-related travel 
behaviours, and 
health implications 
for employed 
adults 

-Walkability 
-Urban style 
 

-Interview 

Compact development and 
preference heterogeneity in 
residential location choice 
behaviour: A latent class analysis 
 
(Liao, Farber, & Ewing, 2015) 

1053 respondents comparing 
preferences with 
actual residential 
locations and 
travel patterns 
in the two 
distinctive 
subregions 

-Distance to work 
-Distance to PT 
-Street design 
-Dwelling price 
-Distance to shops etc. 
-Housing types 
-Parking availability 
 

-Discrete choice model 
 
-Internet survey 

Desire for Smart Growth: A 
Survey of Residential Preferences 
in the Salt Lake Region of Utah 
 
(Tian, Ewing, & Greene, 2015) 

1227 households How do 
preferences vary 
from region to 
region? More 
conservative parts 
of the country, 
such as the Salt 
Lake region of 
Utah, may still 
favor conventional 
suburban 
neighborhoods 

-Proximity to work 
-Proximity to 
destination 
-Housing composition 
-Parking availability 
-Home prices 
-Bicycle/pedestrian 
streets 
-Proximity to transit 

-Discrete choice 
-Online survey 
 
-Text only 

Predicting consumer response to 
new housing : a stated choice 
experiment 
 
(Molin, Oppewal, & 
Timmermans, 1996) 

95 respondents summarize some of 
the methodological 
discussion related 
to alternative ways 
of eliciting 
consumer 
preferences. 

-Tenure 
-Size living room 
-Type building 
-Monthly costs 
-Depth backyard 
-Green space 
-Car park 
-Bedrooms 
-Shopping center 
 
 

-Discrete choice 
Survey 
 
-Text only 
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Article Participants Purpose Key Attributes Methods 
Street characteristics preferred 
for transportation walking among 
older adults: 
a choice-based conjoint analysis 
with manipulated photographs 
 
(Van Cauwenberg, et al., 2016) 

1030 participants investigate 
the perceived 
influence of a large 
set of micro-scale 
environmental 
factors on a 
ǎǘǊŜŜǘΩǎ ŀǇǇŜŀƭ ŦƻǊ 
transportation 
walking using 
manipulated 
photographs of a 
street among a 
large sample of 
older adults 

-Sidewalk 
-Separation from traffic 
-Obstacle on sidewalk 
-Traffic volume 
-Speed limit 
-Traffic calming device 
-Overall upkeep 
-Vegetation 
-Benches 

-Combination text and 
pictures 
 
-Conjoint based choice 
model 

Visual preferences in urban 
street scenes 
 
(Nasar, 1984) 

29 Japan  
17 US 

Perform a cross-
cultural 
comparison 
between Japan and 
the US on visual 
preferences in 
urban street 
scenes 

-Nature 
-Vehicles 
-Cleanliness  
-Orderly/chaotic 
-Closed/open 
-Simple/diverse 

-Video and pictures 
 
-7 point bipolar rating 
scales 

Urban sprawl: neighbourhood 
dissatisfaction and urban 
preferences. Some evidence from 
Flanders 
 
(Vos, Acker, & Witlox, 2016) 

1878 respondents Comparison 
ōŜǘǿŜŜƴ ǇŜƻǇƭŜΩǎ 
preferences and 
their current 
satisfaction 
regarding the 
neighbourhood 

-Traffic safety 
-Presence of bike lanes 
-Presence of green 
-Social safety 
-Proximity of diverse 
activities 

-Internet survey 
 
-Very dissatisfied-Very 
satisfied scale 
 

 
 
 

2.2 Stated preference survey 
The multiple ways that caƴ ōŜ ǳǎŜŘ ǘƻ ƛƴǾŜǎǘƛƎŀǘƛƴƎ ǇŜƻǇƭŜΩǎ ƴŜƛƎƘōƻǊƘƻƻŘ ǇǊŜŦŜǊŜƴŎŜǎ ŀǊŜ 
discussed in this section. 
 

2.2.1 Stated preference and revealed models 
One way to gain more insight in the residential preferences of social groups and on how to 
improve these is by means of performing surveys. There are two modelling approaches that 
can be distinguished in peopleΩs preference, these are revealed choice (RC) and stated choice 
(SC). Revealed models are based on observational data of households' actual (housing) choices 
in real markets, while stated preferences and choice models are based on people's reactions 
to hypothetical (housing) choices (Timmermans, Molin, & Noortwijk, 1994, p. 215).  
 
On first sight the revealed modelling approach seems the most appropriate and accurate. 
However the pitfall is that it does not necessarily say much about how people would actually 
like to live. The stated modelling approach has a better fit with underlying preferences, 
because it looks at how people would like to live. Therefore, in this study the stated preference 
(SP) approach will be applied.  
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2.2.2 The applicability of stated preference surveys 
The SP surveys encompass a large number of research tools (Figure 2) that are designed to 
ƘŜƭǇ ǳƴŘŜǊǎǘŀƴŘ ǇŜƻǇƭŜΩǎ ǇǊŜŦŜǊŜƴŎŜǎΣ ŀƴŘ ǘƘŜȅ ŀǊŜ ǳǎŜŘ ƛƴ Ƴŀƴȅ ŘƛǎŎƛǇƭƛƴŜǎΦ {ƻƳŜ ƻŦ ǘƘŜǎŜ 
disciplines are: marketing; transportation-, environmental- and health-economics; as well as 
land-scape research and urban planning (Patterson, Darbani, Rezaei, & Zacharias, 2017). In 
the field of residential preferences a SP survey is commonly used, as shown in Table 3. For 
instance Van Cauwenberg et al. (2016) use for their research into street characteristics a SP 
survey, to find the underlying preferences. Figure 2 shows two valuation methods that belong 
to SP studies. Public assets, including environmental assets can only be priced using the 
contingent valuation (CV), due to the fact that there is no market and therefore no 
compensation payment (money). In this survey type people are asked how much they are 
willing to pay for an improvement in for instance the neighborhood (Blore, 1996). In this study 
it is not important how much people are willing to pay, but ǘƘŜ Ǝƻŀƭ ƛǎ ǘƻ ŦƛƴŘ ƻǳǘ ǇŜƻǇƭŜΩǎ 
preferences, without the influence of money. Different attributes and their levelΩs importance 
can be retrieved using the multi-attribute valuation (MAV), which can take multiple forms. On 
one side, ƻŦ ǘƘŜǎŜ ŦƻǊƳǎ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘ ƛǎ ŀǎƪŜŘ ǘƻ ǎŜƭŜŎǘ ŀƴ ŀƭǘŜǊƴŀǘƛǾŜ ŀǎ ǘƘŜ ΨōŜǎǘΩ ƻƴŜΦ hƴ 
the other side, attributes need to be numerically scored, between these two, more 
alternatives are possible (Westenberg & Koele, 1994).  
 
There are two different types of MAV SP surveys; preference based conjoint analysis and 
choice modelling (CM). When looking at marketing research, conjoint analysis is the most used 
marketing research method for analyzing consumer trade-offs (Green, Krieger, & Wind, 2001). 
This survey type is based on economic research where housing research has a lot of common 
ground. By making a set of different attributes that consists of multiple levels the underlying 
preferences and magnitudes can be derived. This gives the possibility to make the ideal 
house/area for a certain group of people.  
 
The last years CM has taken over the preference research in urban planning and housing 
research due to the fact that it lets people choose between options (set of attributes), which 
encompasses a better reality (Jansen, Coolen, & Goetgeluk, 2011). While conjoint analysis lets 
the respondent rate each set of attributes individually.  
 

 
Figure 2. SP methods (The royal college of midwives) 

 



29 
 

 2.3 The use of multimedia in stated preference studies 
Traditionally SP studies are performed in text surveys, in recent years all sorts of multimedia 
surveys are used instead of text. In this chapter different studies that use multimedia will be 
discussed, as well as its added value. 
 

2.3.1 Pros and cons multimedia in SP surveys 
Traditionally, the profiles that are used in a SP survey consist of descriptions of attributes (e.g., 
dwelling type) and attribute levels (e.g., detached house) in the format of written text (also 
called verbal descriptions) (Jansen, Boumeester, Coolen, Goetgeluk, & Mollin, 2009). 
Residential attributes are more visibly oriented than most economic research, for instance in 
laptop marketing research, where specs are valued, but cannot be expressed in tangible 
pictures. This led to the incorporation of pictures in housing preference research (Jansen, 
Boumeester, Coolen, Goetgeluk, & Mollin, 2009). The reasons for using images according to 
Jansen et al. (2009) are: 

¶ some attributes, such as architectural style, may be difficult to describe in a few words. 
Thus, one may opt to visualize such attributes; 

¶ by visualizing attributes, respondents may better understand and therefore appreciate 
the various options, thus may make better choices; 

¶ images may enhance the realism of the task, this may increase the external validity of 
the results; 

¶ visualization may lead to a higher homogeneity of perceptions as it is less open to 
individual interpretation compared to written descriptions; 

¶ the task may be more interesting and less fatiguing; 

¶ nowadays respondents may be accustomed to the use of images due to technological 
advances over the years and may feel a lack of images as an omission in the 
measurement task (Jansen, Boumeester, Coolen, Goetgeluk, & Mollin, 2009).  
 

Drawbacks for using images are: 

¶ when text surveys are used, there is more control over the experiment than when 
images are included in the experiment. 

¶ visualization may lead to information being provided differently than the researcher 
actually intended (Jansen, Boumeester, Coolen, Goetgeluk, & Mollin, 2009). 

 
According to the review performed by Jansen et al. (2009) the results of studies are not 
consistent between pictures and text-only (Jansen, Boumeester, Coolen, Goetgeluk, & Mollin, 
2009). Based on their own results they are unfavorably disposed towards using images in a 
conjoint measurement task about general housing preferences (Jansen, Boumeester, Coolen, 
Goetgeluk, & Mollin, 2009). With new upcoming technologies such as VR ǇŜƻǇƭŜΩǎ ǇǊŜŦŜǊŜƴŎŜ 
can be measured in a more lifelike environment. However, as just discussed there are 
proponents and opponents for using VR. Until now a few studies have been performed with 
the use of VR in the housing scene (Orzechowski et al. 2005, 2012; Patterson et al. 2017; 
(Dijkstra & Timmermans, Conjoint Analysis and Virtual Reality ς a Review, 1998) and also in 
other markets (e.g. product preference) VR has already been used (Berneburg, 2007); 
(Dijkstra, Leeuwen, & Timmermans, 2003); (Bateman, Day, P.Jones, & Jude, 2009). A review 
performed by Ernst and Sattler (2001) investigated the use of text vs multimedia in studies 
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across different fields. Their overview determines that the outcomes of the studies differ and 
are not consistent (Ernst & Sattler, 2001). 
 
VR gives the possibility to furthŜǊ ŜȄŀƳƛƴŜ ǇŜƻǇƭŜΩǎ ǇǊŜŦŜǊŜnces. But whether VR gives a better 
representation of reality compared to text-only is still up to debate, due to the lack of research 
and the low numbers of respondents in the literature. The main findings are different between 
studies performed by Patterson et al (2017) and previous studies by Jansen et al. (2009) and 
Orzechowski et al. (2005), where attributes tended to have greater importance when 
ǇǊŜǎŜƴǘŜŘ ǾƛǎǳŀƭƭȅΦ Lƴ tŀǘǘŜǊǎƻƴΩǎ ǎǘǳŘȅΣ Ǿƛǎǳŀƭ ŀǘǘǊƛōǳǘŜǎ ŘƛŘ ƴƻǘ ƘŀǾŜ ƎǊŜŀǘŜǊ ƛƳǇƻǊǘŀƴŎŜ ǘƘŀƴ 
text variaōƭŜǎΦ ΨLǘ ƛǎ ƴƻǘ ƪƴƻǿƴ ŀ ǇǊƛƻǊƛ ǿƘŜǘƘŜǊ ŘƛŦŦŜǊŜƴǘ ǇǊŜǎŜƴǘŀǘƛƻƴ ǎǘȅƭŜǎ ǿƛƭƭ ǊŜǎǳƭǘ ƛƴ όŀύ 
different estimated housing preferences and attribute utilities, (b) equal utilities but with a 
different error variance, or (c) equal utilities and the same error varƛŀƴŎŜΩ (Orzechowski, 
Arentze, Borgers, & Timmermans, 2005).  
 
Just as the pros and cons for using images, the same drawbacks and positive points could be 
translated to VR and other multimedia levels. Most research using multimedia focusses on a 
combination of housing and neighborhood characteristics, while almost none solely focusses 
on housing attributes. One of the studies that focusses on housing preferences is the study 
performed by Orzechowski et al. (2001), this is done by using not only a 3D representation, 
but also a 2D representation Probably the use of multimedia in housing preference research 
is more challenging as compared to neighborhood preference research. This is due to the fact 
that housing preferences mostly contain gross areas which are really difficult for people to see 
and understand through VR. Also the furniture, wall paint etc. will be taken into account by 
the respondent in a VR study. Neighborhood preferences are better suited, because there is 
less chance ǘƻ ƛƴŎƭǳŘŜ ΨƘƛŘŘŜƴΩ ŀǘǘǊƛōǳǘŜǎ ŀƴŘ ǘƘŜǊŜŦƻǊe ƛƴŦƭǳŜƴŎŜ ǇŜƻǇƭŜΩǎ ŎƘƻƛŎŜΦ !ƭǎƻ ƭƻƻƪƛƴƎ 
at literature it can be clearly seen that the inclusion of pictures and VR mostly is applied on 
residential preferences. An example is shown in Figure 3, this is an example of the VR study 
performed by Patterson et al. (2017). VR experiments give the possibility to show an actual 
environment, instead of a little and vague description. Also Bateman et al. have argued that 
the inclusion of visuals can enhance the evaluability of choice tasks (Bateman, Day, P.Jones, & 
Jude, 2009).  
 



31 
 

 

Figure 3. Residential VR application (Patterson, Darbani, Rezaei, & Zacharias, 2017) 

Two built environment studies were executed by Orzechowski et al. (2005, 2012) with VR, 
however both report a low number of respondents. The study performed by Orzechowski et 
al. (2005) was performed on 29 subjects (Orzechowski, Arentze, Borgers, & Timmermans, 
2005). In another study performed by Orzechowski et al. (2012) 36 respondents were included 
in the VR experiment (Orzechowsky, Arentze, Borgers, & Timmermans, 2012). The only study 
with a high(er) number of respondents is the study performed by Patterson et al. and included 
184 respondents in the VR experiment, as can be seen in Table 3. One of the goals of this study 
ƛǎ ǘƻ ŜǾŀƭǳŀǘŜ ŀ ΨƴŜǿΩ ǇǊŜǎŜƴǘŀǘƛƻƴŀƭ ƳŜǘƘƻŘ ŦƻǊ neighborhood surveys. The main goal of this 
study is to find out accurate residential preferences through the application of VR instead of 
text. According to Patterson et al. (2017) these more precise residential preferences will be 
acquired, because respondents are not left to their own interpretation, but a VR model is 
shown. Advancements in how to present (develop) the VR world will be incorporated in this 
study (Patterson, Darbani, Rezaei, & Zacharias, 2017).  
 
Most studies that compare any level of multimedia with text-only, use two different groups 
for both methods. One could opt for using just one group for both methods. The advantage 
of using just one sample is that the socio-demographics are exactly the same between the two 
methods. One of the drawbacks for using just one respondent group is that the task is doubled 
(higher burden) and therefore less sets can be included. Another important drawback is 
formulated in the research performed by Orzechowski et al. (2012), in this study the 
researchers conclude that pre experimental training influences the results. Thus, having just 
one respondent group for both methods is undesirable for this study. 
 

  



32 
 

2.4 Multimedia 
In this section the different types of multimedia and their applicability on this study will be 
discussed. 
 

2.4.1 Multimedia use in studies 
Before a drawing package can be chosen to construct the virtual world, the type of multimedia 
needs to be determined. Four types of multimedia are considered for this study, these are 
based on usage in literature: 
 
1. Pictures (Jansen, Boumeester, Coolen, Goetgeluk, & Mollin, 2009); 
2. Panorama (Van Holle, et al., 2014); 
3. Video (Krysan, Couper, Farley, & Forman, 2009); 
4. Interactive VR world (Patterson, Darbani, Rezaei, & Zacharias, 2017).  
 
The lowest level of multimedia is the use of pictures. Because the study focusses on multiple 
attributes throughout the neighborhood, multiple pictures would be necessary to give a good 
idea of the total neighborhood and the different attributes within it.  
 
Another way of presenting the virtual world is through a panorama. The panorama allows the 
respondent to pan around from 1 viewpoint. Just like the use of pictures multiple panoramas 
would be necessary in order to show the neighborhood in a good manner and display all the 
attributes, of which some will have different locations.  
 
The third type of multimedia, the use of a video to show the neighborhood and all the 
attributes and their levels. Just like the previous two the researcher is in control of what is 
shown and in which manner. Through this way the researcher can make certain that the 
respondent will see all the attributes. However just as the pictures it is not interactive for the 
respondent. 
 
The highest type of multimedia is the use of an interactive VR world. This allows the 
ǊŜǎǇƻƴŘŜƴǘ ǘƻ ΨǿŀƭƪΩ ŀǊƻǳƴŘ ǘƘǊƻǳƎƘ ǘƘŜ ǾƛǊǘǳŀƭ ǿƻǊƭŘΣ ǿƛǘƘ ǘƘŜ ƭƛƳƛǘŀǘƛƻƴǎ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊ Ƙŀǎ 
set. The use of interactive VR should challenge the respondent more, which should lead to 
better results. However the respondent is in control and chooses what he/she sees, instead 
of the researcher. 
 

2.4.2 The applicability of multimedia in this study 
An overview of the four multimedia types that are considered and their applicability on this 
study are shown in Table 4, the explanation of the scoring is discussed after the table. The 
study is restricted by the researchŜǊΩǎ ŘŜǎƛƎƴƛƴƎ ŎŀǇŀōƛƭƛǘƛŜǎΣ ǘƛƳŜ ŀƴŘ ǘƘŜ ŀƳƻǳƴǘ ƻŦ 
respondents. Based on these restrictions the applicability of each multimedia type on this 
study will be evaluated. In addition the goal was to use the highest level of multimedia, due 
to the fact that VR is gaining importance in research.  
 
The scoring on amount of sets is included, because of the low(er) amount of respondents. 
With a lower amount of respondents it is important to let them rate more sets, in order to 
obtain more observations. The duration score is based ƻƴ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ŎŀǇŀōƛƭƛǘƛŜǎ. The 
scoring depends on the expected time the researcher needs to develop the multimedia 
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survey. The third scoring point is the level of interaction between the multimedia level and 
the respondent. Because pŜƻǇƭŜ ŀǊŜ ƎŜǘǘƛƴƎ ΨǘƛǊŜŘΩ ƻŦ ǘǊŀŘƛǘƛƻƴŀƭ ǊŜǎŜŀǊŎƘΣ ŀ ǎǳǊǾŜȅ ƛƴŎƭǳŘƛƴƎ 
interactivity could lead to better results. The scoring is based upon the interactivity scale from 
the article defining virtual reality: dimensions determining telepresence (Steuer, 1992). It is 
important that the respondent sees all attributes, which leads to the scoring point control of 
researcher. The goal was to use the highest multimedia level possible, with the set of 
restrictions, therefore the scoring point proximity to VR is included. The scoring is based upon 
the place of the multimedia level on the vividness and interactivity axis in the research 
performed by Steuer (1992). 
 
 
Table 4. Applicability multimedia research project 

 Pictures Panorama Video Interactive VR  

Amount of sets  ++ + ++ - 

Duration ++ + + -- 

Level of 
interaction 

-- + +/- ++ 

Control of 
researcher 

++ + ++ - 

Proximity to VR -- +/- +/- ++ 

Total ++ ++++ +++++ +/- 

 
 
Amount of sets 
The research is limited through time, which means that the amount of respondents also will 
be limited. The amount of sets each respondent is presented with differs throughout the 
different levels of multimedia, because some ask more time to understand or walk through. 
There is no research done into the time a respondent needs to answer/rate one set for each 
ƻŦ ǘƘŜ ƳǳƭǘƛƳŜŘƛŀ ǘȅǇŜǎΦ ¢ƘŜǊŜŦƻǊŜ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ƪƴƻǿƭŜŘƎŜ ƛǎ ǳǎŜŘ ǘƻ ǎŎƻǊŜ ǘƘƛǎ ǇƻƛƴǘΦ  A 
++ score is given to both the use of either pictures or videos, because both are easy to 
understand and people do not have to be instructed (much). This allows the amount of sets 
to be higher than the other two that score lower and results in higher reliability with the same 
number of respondents. Panorama scores a +, because people need to be instructed a little 
on how it works. Also the respondent needs to go through multiple panoramas to see a whole 
set of attributes. Therefore the amount of sets will be lower compared to the other two that 
were earlier mentioned. Interactive VR scores the lowest, due to the fact that people need to 
be instructed the most. Walking through VR worlds is still no common practice for 
respondents, while the use of videos and pictures is. Also due to the fact that people navigate 
themselves through the world, they will probably take more time to go through one 
environment in comparison to the other three types of multimedia.  
 
Duration (development time) 
The interactive VR type scores the lowest (most time needed), because the world needs to be 
made and afterwards restrictions need to be built in and a way must be found to navigate 
people through. Panorama and video score both +, because for both a virtual world needs to 
be created and afterwards rendering and testing is needed, before the respondents can fill in 
the questionnaire. The use of pictures scores ++ (least time needed), because only a partial 
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world needs to be designed. The respondents will only see a few shots throughout the 
environment, when pictures are used. Also using pictures in the online questionnaire is easier 
and quicker implemented, due to the fact that less testing is needed. 
 
Level of interaction 
Studies show that when the interaction is higher, respondents are more committed, which 
leads to better results in reliability (Patterson, Darbani, Rezaei, & Zacharias, 2017). Pictures 
involve (almost) no interaction with the respondent, which is why it scores low in this 
category. The use of a video has more interaction, but is still not interactive. The panorama 
level lets people look around from one central viewpoint, which leads to a + as score. The 
highest level of interaction is the interactive VR world in which ǘƘŜ ǊŜǎǇƻƴŘŜƴǘ ƛǎ ŦǊŜŜ ǘƻ ΨǿŀƭƪΩ 
around throughout the environment. 
 
Control of researcher 
Also a point that needs to be taken into account is the control that the researcher has on what 
the respondents see. Due to the fact that a whole neighborhood is used and attributes are 
spread throughout it, it is important that the respondent sees all attributes in each set. 
Because the control of the researcher is low, the interactive VR scores the lowest (Patterson, 
Darbani, Rezaei, & Zacharias, 2017). In a panorama the researcher can choose the location(s), 
which allows the researcher to have more control. However the control is more limited than 
with a video or pictures. In a panorama for example people can choose to only pan to the left 
and therefore miss one of the attributes. In a video and with the use of pictures, the researcher 
has control of what is shown and in what way. 
 
Proximity to VR 
One of the goals of this study is to find peopleΩs underlying preferences for neighborhood 
attributes, through the application of VR. The higher the level of VR, the bigger the difference 
is with the text-only questionnaire. Pictures score the lowest (--), due to the fact that there is 
not much VR in a picture. The video and panorama contain virtual reality, however it is still 
less than an interactive VR world where people can participate in themselves. Therefore 
panorama and video are scored +/- and the interactive VR type has a maximum score of ++. 
 

2.5 Conclusion literature 
Lƴ ǘƘƛǎ ŎƘŀǇǘŜǊ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŘƻƛƴƎ ǊŜǎŜŀǊŎƘ ƛƴǘƻ ǇŜƻǇƭŜΩǎ ƴŜƛƎƘōƻǊƘƻƻŘ ǇǊŜŦŜǊŜƴŎŜ was 
ŘƛǎŎǳǎǎŜŘΦ .ȅ ƛƴŎǊŜŀǎƛƴƎ ǇŜƻǇƭŜΩǎ overall neighborhood preference, the quality of life of these 
people will increase too. For municipalities and other instances this study will provide insight 
in how to attract different social groups into specific neighborhoods. The traditional way of 
doing a conjoint analysis is a survey based questionnaire, where the attributes and their levels 
are presented as text. Over the years more researchers used multimedia instead of text to 
present attributes. In the academic literature there is no consensus on whether multimedia 
can be used instead of text. Some studies indicate that there are no differences and that a 
multimedia study increases reliability and repǊŜǎŜƴǘǎ ǘƘŜ ΨǊŜŀƭ ǿƻǊƭŘΩ ōŜǘǘŜǊΦ Others find that 
both study types lead to different results, where through multimedia presented attributes 
gain importance.  
 
Based on the control of a researcher, time restrictions and the level of interaction the choice 
was made to use a video to represent the multimedia part of this study (Table 4). From the 
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literature review (Table 3) interesting/useful attributes such as street design, presence of a 
playground, safety, presence of green and parking were used in neighborhood studies. A set 
of attributes is chosen based upon the literature study in this chapter, the chosen attributes 
are discussed in 3.2 Attributes survey. These chosen attributes and their corresponding levels 
will be shown through a video to the respondents.  
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3. Methodology 
In this third chapter the methodology that was used to execute this research is explained. This 
ranges from the virtual world itself, to the statistics what were ǳǎŜŘ ŦƻǊ ŘŜǊƛǾƛƴƎ ǇŜƻǇƭŜΩǎ 
preferences. 
 

3.1 Introduction 
In the book conjoint measurement (Gustafsson, Herrman, & Huber, 2003, 2007) a flow 
diagram of steps is presented for executing a conjoint analysis. This flow diagram was used as 
starting point for this research, but was slightly changed to fit the current research (Figure 4). 
The second and third step have been exchanged, because in this research the use of a virtual 
world was previously determined (research questions) and based on this the collection design 
was chosen. An additional step of choosing a drawing package was added into the flow chart. 
The remaining steps were not changed in comparison with the original flow chart by 
Gustafsson, Herrmann and Huber (2003, 2007). All steps as shown in Figure 4 will be discussed 
in this chapter, except for how the stimuli were presented, this was already discussed in 
section 2.4 Multimedia. 
 

 

Figure 4. Partial flow diagram adapted from A. Gustaffson, A. Herrmann and F. Huber.  Conjoint Measurement, Fourth Edition, 
Chapter 1, page 5, Springer, 2003, 2007 (Gustafsson, Herrman, & Huber, 2003, 2007). 
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3.2 Attributes survey 
 
The attributes and their levels that are used in this study were based on Table 3 and are 
presented in Table 5. Six attributes were chosen, because more than six attributes in a SP 
survey are too confusing and are too much to process for the respondents (Caussade, Ortuzar, 
Rizzi, & Hensher, 2005).  
 
 
Table 5. Attributes and levels 

Attribute Levels 

1. Street design 1. Primarily for cars 
2. For cars/pedestrians 
and bicycles 

2. Parking type 1. On street 
2. Designated parking 
places 

3. Speed slowing 
measures 

1. No 
2. Yes, speedbumps 

4. Playground in 
neighborhood 

1. No 
2. Yes 

5. Pond in the 
neighborhood 

1. No 
2. Yes 

6. Type of green 1. No green 
2. Low (grass) 
3. Medium (bushes) 
4. High (trees) 

 
1. Street design 
The street outline was expected to be an important attribute for people, because this highly 
influences the appearance of the street and additionally could give a feeling of security. The 
attribute street design was used multiple times in previous studies, as can be seen in Table 3. 
The attribute was divided in 2 levels: 
1) Primarily for cars, with a sidewalk; 
2) For cars, but with separate sidewalk and bicycle lane. 
 
2. Parking type 
In the Netherlands 71.3% of the households own one or more cars (CBS, 2017). However, not 
everyone can park their car on their own property, which means that people have to park in 
public areas. This attribute was less used in literature as parking type, but more in terms of 
parking availability in the neighborhood (Table 3). Since house characteristics were not taken 
into account in this study, two levels were chosen: 
1) On street parking; 
2) Designated parking places next to the road. 
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3. Speed slowing measures 
Safety is an important attribute for people, this can be incorporated by adding speed slowing 
measures for the cars. Heins (2004) showed in their research that safety is even an reject 
inducing attribute. In this case two levels were chosen: 
1) No speed slowing measures; 
2) Speed slowing measures, namely speedbumps. 
 
4. Playground neighborhood 
People with children are expected to exert positive value on a playground in the 
neighborhood. Only one study in Table 3 used the presence of a playground as an attribute 
(Louviere & Timmermans, 1990). This is another reason why this attribute was added, the 
attribute has two levels: 
1) No playground; 
2) Playground in the neighborhood. 
 
5. Pond in neighborhood 
In a lot of neighborhoods in the Netherlands a pond or a river goes through the residential 
area. This can give people a good feeling (nature), but it can also give a feeling of unsafety for  
children, because of safety risks. According to Heins (2004), water is a much valued 
characteristic of the residential environment. Just as the attribute playground, the pond 
consists of two levels: 
1) No pond; 
2) Pond in the neighborhood. 
 
6. Green type 
In a lot of different studies green was taken into account (Heins, 2004), as mentioned in Table 
3. For this study different types of green heights were chosen and not the density or proximity 
of them. Four levels were chosen for this study: 
1) No green; 
2) Low green, namely grass; 
3) Middle green, namely bushes; 
4) High green, namely trees. 
 

3.3 Method 
As previously mentioned in sub-section 2.2 Stated preference survey there are two types of 
SP survey types. In this study a conjoint analysis was used due to the fact that discrete choice 
is a too high burden for respondents filling in the video experiment. This is caused by the fact 
that people first have to go through the first video environment and after this through the 
next before they choose between them. Also, these follow-up environments would probably 
be a high burden for the respondents and lead to people forgetting parts, which results in less 
trustworthy results (bigger variance). The research was performed as quantitative study, to 
contribute with larger number of respondents to the video research in residential preferences. 
The respondents were asked to participate in either the video or the text-only experiment in 
an online survey. In order to compare the results it was important that both sets of 
respondents were alike in terms of socio-demographics and to have a low bias. 
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3.3.1 Factorial design 
The total amount of possibilities with the attributes and levels as shown in Table 5 is 25x41= 
128, which is a so-called full factorial design. A full factorial design includes all possible 
combinations of the attributes levels. In most studies a fractional factorial design is used 
instead of a full factorial design. This design, involves selecting a fraction of the profiles 
constructed in a full factorial design (Rao, 2014). For this experiment it was important to find 
an efficient factorial design, because there were 128 different possibilities (economic use of 
resources (Gunst & Mason, 2009, p. 235)). With the use of the program Statistical Analysis 
System (SAS) the fractional factorial design was created and 16 όѾth) alternatives instead of 
the originally 128 were generated (Appendix B ς Rating sets). All levels of the attributes 
mentioned in 3.2 Attributes survey consist of an even number (two and four in this case), to 
make sure that a fractional factorial would represent the full factorial better (Rao, 2014). Up 
till 20 sets can be used without degradation in data quality, within the range 0-20 there is no 
evidence of increasing random error (Johnson & Orme, 1996). The task complexity (video) and 
respondent burden (duration of the survey) may lead to less valid responses (Hato & 
Timmermans, 2008). Therefore less than 16 sets per respondent would be advisable. 
However, ΨΩdoubling the number of tasks per respondent is about as effective in increasing 
ǇǊŜŎƛǎƛƻƴ ŀǎ ŘƻǳōƭƛƴƎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǊŜǎǇƻƴŘŜƴǘǎΩΩ (Johnson & Orme, 1996). Since for this 
study two separate samples were needed, a low(er) number of respondents was expected. 
Therefore the choice was made to let each respondent rate all 16 sets, with the remark that 
up till 20 sets can be used without degradation in data quality. 
 

3.4 Virtual world 
This section discusses the drawing package that was used, as well as how the 3D model was 
designed and why. 
 

3.4.1 Drawing package 
For the visualization of the neighborhood a drawing program of the Blender Foundation, 
which is a Dutch public-benefit corporation, was used. Blender is a free and open source 3D 
creation suite that is based upon a python script, which can be modified to suit the wishes of 
the designer (Blender Foundation, 2017). Blender version 2.78c was used. Blender has three 
types of drawing/render settings, which are Blender Render, Cycles Render and Blender game. 
Blender game was not used, because the purpose of this study was not to create a game. 
Furthermore this type is not used as often as the other two settings. Blender Render, also 
called Blender Internal, is the default setting. Blender Render was chosen to draw the 
neighborhood environment, because of two main reasons. The first is that Cycles Render is 
more complicated to work with, because it works with nodes and has more functionalities. 
Since the quality does not have to be a 1080p (full HD) video without glitches and taking into 
account time restrictions an easier type had the preference. The second reason is the render 
time, a model created in Cycles Render renders the ray traces in the end video differently, 
which results easily in a more than doubled render time.  
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3.4.2 The Blender model 
Before the virtual world was created in Blender, a sketch was made of how the world should 
look. To make the designing process easier the choice was made to use a repetitive pattern in 
the virtual world. As a drawing guideline the ASVV was used (CROW, 2012). In this guideline 
minimum rules concerning road design are stated. The minimum road width with parking 
on/next to the street is 4.8 meters for traffic in both ways. For the design 5 meters was used 
due to practical reasons. The parking places alongside or on the road need to be at least 2 
meters by 6 meters in order to be able to park a car, these dimensions were also used in the 
design. For the sidewalk the ASVV states that it needs to be at least 1 meter. Due to the fact 
that in some cases there needs to be green (trees, bushes or grass) on the sidewalk, a sidewalk 
of 1.5 meter was used. The parking places alongside the road could not be continuous and 
needed to be interrupted once in a while.  
 
For the repetitive pattern a total length of 26 meters was chosen (Figure 5). This is equal to 4 
parking places with a length of 6 meters each, plus on each end 1 meter space where parking 
is not possible. The road and sidewalk were drawn like earlier mentioned, 2.5 meter width for 
half of the road (5/2) and 1.5 meters for each sidewalk. The housing next to the road had the 
same length as the parking places, 24 meters in total. The other 2 meter were filled by a brick 
wall of 2 meter high with a width of 1 meter each to come to the total length of 26 meters. 
The block that represented the housing part was 8 meter high and has a depth of 8 meters. 
This allowed the block to have the dimensions of as well single houses as apartments. Also, 
each 26 meters a lamppost was positioned in the middle of the repetitive roadside of the 
sidewalk.  
 

 
Figure 5. 26 meter block 
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The design (block) was duplicated and mirrored to create a road. To make the neighborhood 
more realistic, a straight road with no end was not an option, this is why a T-splitting was 
drawn and the repetitive road design continued in both ways of the T-splitting. Also, this street 
needed to end somewhere, which is why the total design was duplicated and pasted after 
making the right corner (Figure 6). For the pond as well as the playground one block of housing 
was removed and replaced with an empty space. The empty space was shown as a concrete 
open space. The reason for this was that the amount of housing as well as the depth people 
can see needed to be kept the same (Patterson, Darbani, Rezaei, & Zacharias, 2017). The 
amount of cars, benches etc. was equal in each model. In addition, the colors of all objects in 
the worlds, from tiles to cars to the blue sky, and the state of the sun was constant between 
all models. 
 

 
Figure 6. Top perspective neighborhood design 

 
 
 
For the look of the model, seamless textures 
from the internet were used to texture for 
instance the road and the sidewalk (                                                                                                                                            
Figure 7). Some parts of the model were 
downloaded from the internet: the cars, 
lampposts, benches, bushes, trees and the 
playground. Sites used for this purpose were: 
cgtrader (CG Trader, 2017), Turbosquid 
(Turbosquid, 2017) and Free 3d (Free 3d, 
2017). 

                                                                                                                                            
Figure 7. Seamless concrete and sidewalk pavement 
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3.4.3 The base models 
Four base models were designed, in these models the other attributes were added in different 
layers, which allowed to turn them on or off for each video. The four base models were 
chosen, because these layers could not be turned on or off and cause attributes or objects to 
move. The four base models contained the on street and off street parking as well as the road 
design (with or without separate cycle lane). The difference between the model with and 
without bicycle lane is the biggest, due to the fact that by incorporating 
the cycle lane also the houses, lampposts and other objects needed to be 
moved with the length of the cycle lane. Therefore a different design was 
necessary for both, as shown in Figure 9 and Figure 10. The color of the 
bicycle lane was red, which is commonly used in the Netherlands, to make 
the design more lifelike. To make clear that the red lane a bicycle lane, the 
sign of a bicycle lane (Figure 8) was placed in a repetitive manner upon the 
lane. 
          Figure 8. Bicycle lane 

 

  
Figure 9. On street parking without bicycle lane 

 

   
Figure 10. On street parking with bicycle lane 

 
Figure 11. Designated parking spots 
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The difference in the attribute parking type was much smaller than the difference in the 
attribute street design. This was due to the fact that deliberately no cars were parked in the 
spot where no spot would be in the off street parking model. Only minor changes, like the 
lines and the addition of breaks between the parking places were the change as can be seen 
in Figure 9 and Figure 11.  
 
Pond 
A plane was used as starting point for drawing the pond, which was modified with an ocean 
modifier. By changing the amplitude of the waves (lower) and setting the total play time lower, 
ŀ ǾŜǊȅ ǎƭƻǿ ŀƴŘ ƭƻǿ ΨƻŎŜŀƴΩ was created, which represents the pond in this case (Figure 12). 
 

 

Figure 12. Pond 

 
Playground 
For the playground a plane with a sand texture was used as ground, due to the fact that a 
concrete underground would not be desirable for the safety of the playing children (Figure 
13). The playground equipment was randomly placed upon the sand, but in such a way that 
all equipment could be seen in the video. The fence at the front of the playground was added 
in a later stadium. After sowing the videos to different people (panel), some suggested that 
the playground did not look safe in the environment, because there was no border between 
the road and the playground. By adding this fence the safety issue was taken into account.  
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Figure 13. Playground 

 
 
Speed slowing measures 
As speed slowing measures, small and thin speedbumps were used (Figure 14) instead of the 
longer ones consisting of vowels. This was done because the technical design was more 
difficult, consisting of making the edges more rounded and giving the speedbumps a lifelike 
texture. 

 
Figure 14. Speedbumps 
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Green 
The last attribute in this study was the green type, which consisted of four levels. In the first 
level no green was present in the neighborhood, which can be seen in Figure 14. The three 
remaining levels of green type were designed in the same way ōǳǘ ǿƛǘƘ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ ΨǇƛŜŎŜǎΩ 
of green (Figure 15, Figure 16 and Figure 17ύΦ ¢ƘŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ŜŀŎƘ ΨǇƛŜŎŜΩ ƻŦ ƎǊŜŜƴ ƛǎ нс 
meters (one each block) and the amount is therefore the same for all as well as the location(s). 
 
 

 
Figure 15. Low green type (grass) 

 

 
Figure 16. Middle green type (bushes) 
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Figure 17. High green type (trees) 

 

3.4.4 Camera settings 
To make the video environment as realistic as possible, the camera needed to move through 
the environment just like a person would in a car, accordingly the height of the camera and 
the position on the street was chosen. The settings of the camera were: 720p, 840 frames 
length with a frame rate of 24 fps (frames per second). Also the standard setting for the depth 
the camera could see was changed. This was done because the initial setting would show 3 
blocks of housing and thereafter blue sky was shown. So moving forward, parts of the 
environment after the (blue) blocks started loading. The human eye can see further and does 
need to load images that are further away from us. This is why the clipping settings were set 
higher to see to the end of the streets like a human would.  
 
By making a video, the researcher is in control of what and how everything is shown. With this 
also some questions/problems did arise. One of these was what to do with the camera when 
seeing the pond and the playground or the empty spaces. One could opt for swinging the 
camera in that direction and therefore putting more focus on it, but this will also be done 
ǿƘŜƴ ǘƘŜ ƭŀȅŜǊ ƛǎ ƻŦŦ ŀƴŘ ΨƴƻǘƘƛƴƎΩ is present in this spot. Also, a normal driver will be looking 
ŦƻǊǿŀǊŘ ŀƴŘ ƴƻǘ ƭƻƻƪ ŦƻǊ ǎŜŎƻƴŘǎ ǘƻ ŀ ǎƛŘŜΣ ōŜŎŀǳǎŜ ǿŜ ŀƭǊŜŀŘȅ ǎŜŜ ǇŀǊǘǎ ƻŦ ǿƘŀǘΩǎ ƴŜȄǘ ǘƻ ǳǎ 
due to peripheral vision of the human eye. Therefore, the choice was made to look straight 
ahead (from viewpoint of viewer), but to slow down the frame rate (more frames for the same 
distance) at the pond and the playground. This allowed people to see the attributes, but not 
put too much focus on these attributes.  
 
The videos were 840 frames long, with a frame rate of 24 fps as earlier mentioned, which led 
to movies of 35 seconds each. Initially, the render time was approximately 28 hours per movie 
of 35 seconds, which was optimized by linking objects and using low poly cars to 
approximately 4-5 hours per movie of 35 seconds. This results in a total render time of 64 to 
80 hours for the sixteen movies. The length of rendering was slowed down by ray trace 
building, because this could only be done on 1 core, instead over all of the computer cores. 
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The rendering itself went quickly, because all of the cores could be utilized. Each frame needed 
to be ray trace built and afterwards rendered. The ray trace building took approximately half 
a minute per frame, while rendering the frame itself took approximately one to two seconds. 
 

3.5 Survey 
TƘŜ Ψ.ŜǊƎ ŜƴǉǳŜǘŜΩ ǎȅǎǘŜƳ ŦǊƻƳ ǘƘŜ ¢¦κ9 was used to perform the surveys. This is a web-
based survey platform, where images and videos can be integrated. ¢ƘŜ Ψ.ŜǊƎ ŜƴǉǳŜǘŜΩ ǎȅǎǘŜƳ 
allowed to have one main questionnaire (descriptive questions), with two separate sub-
questionnaires (one containing video and one consisting of text-only). The descriptive 
questions (e.g. socio-demographic-, economic-, dwelling- and neighborhood characteristics) 
in the survey were based on the Dutch Woononderzoek, which is performed every four years 
by the Dutch government among inhabitants to derive residential information and market 
information (Rijksoverheid, 2012). When descriptive questions in the current study were 
based on other levels or surveys than the Woononderzoek, this is mentioned. Other research 
papers have also been used to come up with the important socio-demographic questions 
within neighborhood preference research (Patterson et al. 2017; Nijenstein et al. 2015; 
Vasanen 2012;  Badland et al. 2012; Tian et al. 2015). For the online survey design chapter 9 
(question and questionnaire design) from the handbook of survey research was followed 
(Krosnick & Presser, 2010). In this chapter best practices are shown, as to start with simple 
questions and to use simple words throughout the questionnaire.  
 
The first page respondents saw was an introduction for the survey, on this page an explanation 
of the goal and the duration of the survey was provided. An overview of all the questions 
within the survey is shown in Appendix C ς Online survey. After the first page the respondent 
was asked to fill in some demographics of him- or herself (e.g. gender, age, education level 
and ethnicity). The education levels were based on the Dutch bureau of statistics (CBS). The 
questions on the third page covered the health status of the respondent (e.g. health status 
and long-term illness). The fourth page of the survey covered questions regarding the 
household (e.g. household composition, household income and car ownership). The 
household income levels were based on the Dutch tax system (Belastingdienst, 2017), the 
option not to fill in the income was added to prevent respondents quitting the survey in an 
early stadium. When respondents answered the household question with one of the 
categories containing children, than two additional questions were presented. The first is how 
many children the household exists of. The second was in which age category these children 
are. This was done to make a distinction between families with younger children and older 
ones, which could allow to see if there are differences between these categories. 
 
After these socio-demographic questions, an explanation page of the neighborhood sets 
follows. On this page the respondent was presented an overview of all attributes and their 
levels. Additionally it was mentioned that the experiment was only about the environment 
and not about the houses alongside the road. Because of this the houses were presented as 
(soft blue) blocks in the video experiment. After the experiment explanation, an example 
question was presented to make the respondent familiar with the look and scoring. The rating 
score for this example question was not included in further analyses. The actual sixteen sets 
(examples: Appendix D ς Video part survey and Appendix E ς Text only part survey) were 
randomly shown to the respondent, who rated each of them separately.  
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After the respondent rated the sixteen sets, another page with background questions about 
their current living situation was presented to them. This was done deliberately, because 
some respondents may quit the experiment in an earlier stage, when they were presented 
with a long list of questions at the start of the questionnaire. By starting with the most 
important questions (age, income etc.) and thereafter the neighborhood sets, the chance was 
higher that when a respondent quits, he or she quitted after the rating sets instead of during. 
When a respondent did not finish the sixteen neighborhoods, they were excluded from 
analysis.  
 
At first, the respondent was asked to answer some questions about their current housing 
situation (e.g. property ownership, type of housing and building period). The respondent was 
given the opportunity to choose ǘƘŜ ƻǇǘƛƻƴ ΨƻǘƘŜǊΩΣ Ƨǳǎǘ ŀǎ ƛƴ ǘƘŜ Ψ²ƻƻƴƻƴŘŜǊȊƻŜƪΩΦ 
Additionally, the respondent could fill in that they do not know the building year of the 
house/apartment to prevent guessing. Furthermore ŎŀǘŜƎƻǊƛŜǎ ƻŦ ǘƘŜ Ψ²ƻƻƴƻƴŘŜǊȊƻŜƪΩ were 
bundled together to make the bandwidth of each level bigger from 10 to 20 years.  
 
The pages thereafter were about their current neighborhood (e.g. urban density, type of 
parking, satisfaction living environment, attachment to neighborhood, satisfaction green, 
availability play facilities and proximity to a pond). On the last page the respondent was 
thanked for the participation and here they could fill in additional comments. Additionally 
they were asked to score if they enjoyed to fill in the survey on a 7 point Likert scale. In the 
handbook of survey research (2010) their review of scale length and adding a midpoint 
suggests that offering a midpoint is desirable and using a 7 point Likert scale is in most cases 
optimal (Krosnick & Presser, 2010). Additionally intended meanings (in words) of points were 
added (Appendix C ς Online survey), which provided the respondent a with better 
understanding of the meaning of each of the points on the scale.  
 

3.5.1 Embedding Video 
The sixteen rendered Blender neighborhood videos needed to be incorporated in the survey, 
this was done by uploading all the videos onto YouTube and setting them hidden from being 
found. This allows only people to see it through a specific link for each video. YouTube allows 
videos to be easily embedded in for instance a survey and with a few clicks the embedding 
code can be retrieved from the website. The embed code can also be changed in order to 
make it fit the needs of the user. In this case a frame width of 640 and a height of 360 was 
chosen, which is lower as the rendering quality, but allows to play the movie without loading 
in between, also with a slower internet connection. The name of each movie was hidden for 
the respondents. Because the videos were presented in a random order, the numbering of the 
videos is not logical (1 to 16), which could confuse the respondents. Normally at the end of a 
YouTube video, after a few seconds, automatically another YouTube movie would start 
playing. This was blocked and therefore after watching the video, the respondent could replay 
the video and did not see other videos. The YouTube embed codes for each of the videos are 
shown in Appendix G ς YouTube embed codes. A summary in text of the attributes was shown 
next to the video to make sure the respondent had a good picture of the neighborhood he or 
she was rating. This was done deliberately for two reasons, first because literature shows that 
including a summary in VR allows respondents to focus on all attributes (Patterson et al. 2017; 
Orzechowski et al. 2005). Second, the placing of the summary table was chosen deliberately, 
so that people do not have to go to a next screen or scroll each time, which could increase the 



50 
 

chance that people quit in an early phase of the questionnaire. The code of the rating page 
for the video survey is shown in Appendix F ς Code video rating page. 
 

3.6 Rating scale 
The scale that was be used as a rating scale for the neighborhoods required to be easy  
understandable for the respondents. In addition a sufficient amount of scale points needed to 
be shown to administer important differences. However, a scale with too many points would 
be too difficult to process, due to the fact that the respondent cannot place a good meaning 
(understand) on each of the points. Krosnick and Presser (2010) conclude that there appears 
to be no standard for the number of points on a rating scale, also common practice varies 
widely between studies (Krosnick & Presser, 2010). A ten point scale was chosen instead of an 
odd numbered scale. This was ŘƻƴŜ ǘƻ ΨǊŜƳƻǾŜΩ ǘƘŜ ƳƛŘŘƭŜ όƴŜǳǘǊŀƭύ ƻǇǘƛƻƴ and, avoid 
respondents from selecting this option too easily. Additionally in real life people have to make 
a choice if they are willing to live there or not, however the preference may be slight. The 10 
point scale therefore encompasses better with the reality, giving more data points. 
 

3.7 Data collection 
The data was collected through an internet survey. People were approached through different 
channels. In this research social media and e-mail were used to recruit respondents. The e-
mails were spread within a few companies that were willing to corporate with the research. 
The companies were very diverse, from building companies to administrative companies to 
sport companies. The respondents could fill in either one of the online surveys (text-only or 
video).  
 

3.7.1 Respondents 
In total 565 respondents opened the two surveys, as indicated in Figure 18. From these 
respondents 234 opened the text-only survey (blue branch) and 331 respondents opened the 
video survey (dark yellow branch). Looking at the video survey, 225 respondents did not 
complete the survey, while only 106 respondents completed the survey of whom one was 
removed after inspection. This (removed) person rated all the profiles with the same grade 
and also noted a (very) short survey time. As earlier mentioned the survey was designed to 
have the (neighborhood) profiles in an earlier stadium and not at the end, which could result 
in more uncompleted surveys. This led to respondents who still completed all the profiles, but 
quitted in one of the end questions. For the video survey this was 1 person. After inspection, 
this person was added to the remaining completed surveys. This resulted in a total sample size 
of 106 people for the video experiment, producing 1.696 observations. 
 
Looking at the text-only survey, 128 people out of 234 did not complete the total survey. 106 
respondents completed the survey of whom none had to be removed after inspection. The 
survey design was the same as in the video experiment, which also resulted in uncompleted 
surveys, which could be used for the experiment (completion of all 16 choice sets). In this case 
3 respondents could be added to the completed surveys, which resulted in a total sample size 
of 109 respondents for the text-only experiment, producing 1.744 observations. 
 
The difference in numbers between the people that open the survey and the ones that actually 
participate is striking. This completion ratio number is quite different between both survey 
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types. Where 45% of the people completed the text-only survey, only 32% completed the 
video survey. A part of this difference can be explained due to the fact that one company 
(approximately 50 mail addresses) had blocked the YouTube videos that were embedded in 
the video survey. Subsequently these people could not complete the survey, which resulted 
in a lower completion ratio. Also the length of the video survey was on average longer, which 
could lead to more people quitting the survey in an earlier stadium (3.7.2 Duration survey). 
 

 
Figure 18. Respondent overview 

 
 

3.7.2 Duration survey 
The survey system collected not only the answers to the questions, but also the start and end 
time of each respondent. With this, the average duration of the survey per person could be 
calculated to have more information about the duration of the survey. A few surveys register 
a duration time of over an hour, which can probably be explained by the fact that people 
opened and/or started the survey and were interrupted (for instance on work) and therefore 
completed the survey later than average. These cases have been inspected and nothing 
irregular has been found, which is why these cases were not removed. For determining the 
average survey time these cases were not taken into account, because they strongly influence 
the average. The average time spent on the text-only survey was 7 minutes and 26 seconds 
(cases > 1 hour excluded), while the average time spent on video survey was 10 minutes and 
13 seconds (cases > 1 hour excluded). A scatterplot of the survey times was added as Appendix 
H ς Duration surveys, which showed that the distribution of duration did not include any 
outliers. The duration time of the video survey was higher compared to the text-only survey, 
as could be expected, due to the movie time(s). 
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3.8 Ordinal regression 
An ordinal regression is commonly used in social sciences, especially when the scoring scale is 
ordinal, such as Likert scales and 10 point scales, which was the case in this study. The Ordinal 
wŜƎǊŜǎǎƛƻƴ aƻŘŜƭ ƛǎ άŜǎǎŜƴǘƛŀƭƭȅ ǎŜǘǎ ƻŦ ōƛƴŀǊȅ ǊŜƎǊŜǎǎƛƻƴǎ ǘƘŀǘ ŀǊŜ ŜǎǘƛƳŀǘŜŘ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ 
with constraiƴǘǎ ƻƴ ǘƘŜ ǇŀǊŀƳŜǘŜǊǎέ (Long, 2012). These calculations were performed with 
the software package SPSS (version 23).  
 
For a theoretical explanation of the ordinal regression model, the study of Long (2012) was 
followed. The ordinal model was derived from a regression with an unobserved and 
continuous variable ώᶻȡ  ώᶻ ɼ ɼὼ ʀ    
 
The ordinal logit model (OLM) assumes that ₵ is logistic with a mean of 0 and its ǾŀǊƛŀƴŎŜ ˉ2/3. 
The continuous ώᶻ can be divided into observed, ordinal categories by using the thresholds † 
through  †, according to the research of long (2012): ώ Ὦ if  † ώᶻ † for Ὦ ρ to Ὦ, 

where † Њ and † Њ. This means for this study with a 10 point scale that this would 

become the measurement model:  
 

 

3.8.1 Dummy coding 
In order to analyze the Ψdesign codeΩ of each of the levels of the attributes as named in 3.2 
Attributes survey the coding needed to be changed in SPSS. For this a dummy code was used, 
which is a binary coding method. This method was chosen because SPSS can recode the levels 
easily into dummy codes. The number of dummy codes needed per attribute is the number of 
levels -1. Membership in a particular level was coded with one and non-membership in the 
group on the other hand is coded with zero. One group (level) therefore receives only zeros 
on all dummy codes and becomes the reference category. The dummy coding for this study is 
shown in Table 6, where design code represents the original code. Based on expected results 
the lowest level of each attribute was coded as reference group. 
 
 
 
 
 
 
 
 

1 Ą ΨΩƴƻǘ ŀǘ ŀƭƭΩΩ if Њ ώᶻ † 
2 Ą    if † ώᶻ † 
3 Ą    if † ώᶻ † 

 n Ą    if † ώᶻ † 
9 Ą    if † ώᶻ † 
10 Ą ΨΩǾŜǊȅ ƳǳŎƘΩΩ if † ώᶻ Њ 

 
 

ώ  
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Table 6. Dummy coding 

Number of 
levels 

Design code Dummy coding Explanation coding 

2 1 0 Lowest level 

2 1 Highest level 

4 1 0 0 0 No low 
green 

No middle 
green 

No high 
green 

2 1 0 0 Yes low 
green 

No middle 
green 

No high 
green 

3 0 1 0 No low 
green 

Yes middle 
green 

No high 
green 

4 0 0 1 No low 
green 

No middle 
green 

Yes high 
green 

 
 
¢ƘŜ ŎƻƭǳƳƴ Ψexplanation ŎƻŘŜΩ ƛƴ Table 6 explains what the dummy coding actually means in 
words. Five attributes in this study consisted of two levels, the expected lowest utility level 
(primarily for cars, on street parking, no speed slowing measures, no playground and no pond) 
were coded as zero, while the expected highest utility levels (For cars/pedestrians and 
bicycles, designated parking places, speed slowing measures, playground and pond) were 
coded with one. Only one attribute consisted of four levels and required three dummy codes. 
The green type is a good example for the dummy coding (Table 6), because it shows that using 
three dummy codes all four levels are known. In this case no green as green type was coded 
as three times zero and was called the reference category. 
 

3.9 Conclusion method 
An online questionnaire was used, which was distributed through social media and via e-mail 
within a few companies that were willing to cooperate. The questionnaire was made with the 
Ψ.ŜǊƎ ŜƴǉǳŜǘŜΩ ǎȅǎǘŜƳ ƻŦ ǘƘŜ TU/E. There were two survey types, namely the text-only and 
the video variant. Both consisted of the same six attributes, and the same corresponding 
levels. Due to the high amount of neighborhood possibilities a fractional factorial design was 
used, consisting of 16 neighborhoods. These neighborhoods were created with the drawing 
package Blender, which is an open source drawing package. Due to time restriction and 
processing power of the computer Blender Render was used instead of the other drawing 
types within Blender. All movies had the same duration. Additionally, in every movie the 
attributes that were not measured (for instance lamppost) had the same location, color and 
amount. This was done to make sure that these would not be measured in the survey. An 
ordinal regression was used to analyze the data, because of the 10 point rating scale that was 
used. In order to perform an ordinal regression the levels of each attribute were recoded as 
dummy variables. The average duration of the video survey was higher compared to the text-
only survey, which could have resulted in a higher fallout rate. 
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4. Results 
In this fourth chapter the results from the text-only and video survey were analyzed and will 
be discussed. and data was analyzed and will be discussed.  
 

4.1 Descriptive statistics 
In order to compare the results of both text based and video based groups it was important 
to look at the socio-demographics of the respondents. In Table 7 an overview of the socio-
demographics of the respondents of both surveys is shown. Just as in the study performed by 
Patterson et al. (2017) there was a demographic match between both survey types with some 
minor differences, suggesting that the two sub-samples could be compared with each other. 
Because of this, the difference across representation modes (text-only vs video) may be 
primarily associated with different methods and not the difference between respondents of 
the two presentational methods (Patterson, Darbani, Rezaei, & Zacharias, 2017). The 
characteristics of the sample in this study had a Dutch ethnicity and most of the respondents 
lived in a house (74% and 77%) and owned one or multiple cars (92% and 86%). Additionally 
most respondents lived in low urban dense parts of the Netherlands and had a high level of 
education. This shows that some groups were overrepresented in comparison to the actual 
Dutch population, which typically happens with self-administrated questionnaires (Schwanen 
& Mokhtarian, 2004). 
 
Table 7. Descriptive statistics data 

 
Text survey Video 

survey 

Gender 
  

Female 57% 51% 

Male 43% 49% 

Age 
  

<30 41% 33% 

30-49 25% 29% 

50+ 34% 38% 

Education level 
  

High 50% 56% 

Middle-Low 51% 44% 

Household composition 
  

No kids 69% 70% 

one or more kids 31% 30% 

Household income 
  

ϵ л -ϵ ооΦтфл 44% 43% 

Ҕ ϵ ооΦтфл 39% 42% 

Unknown 17% 15% 

Ethnicity 
  

Dutch 99% 100% 

Other 1% 0% 

Urban density 
  

Middle - High (20.000+) 47% 51% 

Low (<20.000) 
 

53% 49% 
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Text survey Video 

survey 
Housing type 

  

House 74% 77% 

Apartment 23% 19% 

Other 3% 4% 

Home Ownership 
  

Owner 65% 68% 

Rented 35% 32% 

Car ownership   

Yes, one 49% 43% 

Yes, more than one 43% 43% 

No car 8% 13% 

Parking car   

On own property 58% 62% 

On public/other ones 
property 

42% 38% 

 
 

4.2 Preference scores 
Before the  analysis could be performed on the importance of each attribute, preference 
scores were examined and compared between the two survey types. CƻǊ ŜŀŎƘ ΨƎǊŀŘŜΩ ǘƘŜ 
corresponding percentage of times that it was chosen can be derived from Figure 19. The 
preference scores were close to a normal distribution, in which more times neighborhoods 
were scored with a grade around the median and less times a score was given on the outer 
ends of the score bar (Figure 19). However the text-only answers appeared to be more 
normally distributed than the video answers, because 7 and 8 are less preferred, while 1, 2, 3 
and 10 are clearly more preferred in the video answers than text-based (Figure 19). This could 
indicate that people who did the video survey overall tended to give lower grades compared 
to the text-only experiment.  
 
 

 
Figure 19. Preference scores survey types 
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After filtering on respondents that only give the score insufficieƴǘ όҖрύ ŦǊƻƳ ǘƘŜ Řŀǘŀ ƻŦ ǘƘŜ 
video experiment, eighteen respondents remained in the file. This means that 18 out of 105 
respondents only scored a 5 or lower on all sixteen neighborhoods. When looking at what 
scores were given, mainly very low scores were given, the lower the score, the more often it 
was chosen (Figure 20). The same filtering was used on the text-only data in which only one 
respondent scored all 16 neighborhoods with a 5 or lower. 
 

 
Figure 20. Scoring frequency video experiment 

 

After discovering the low scoring of eighteen people in the video experiment, especially in 
comparison with the text-only data, it was interesting to find out what group of people was 
responsible for these low scores. When looking at the socio-demographics of the 18 
respondents who only scored a 5 or lower it was striking that it was similar to the socio-
demographics of the total sample. However the socio-demographic age deviated in 
comparison with the total sample. By expressing the age category of the 18 respondents who 
scored on all 16 sets a 5 or lower, as a percentage of the total respondent amount in that age 
category a good comparison could be made between the age categories. Only 6% of the 
respondents under 30 scored a 5 or lower on each neighborhood (Figure 21). 19% of the 
people in the age category 30-49 scored all neighborhoods with a 5 or lower, while even 25% 
of the respondents in the age category 50+ scored a 5 or lower on all neighborhood videos. 
Thus, between age categories a clear difference was observable in the relative respondent 
amount that scored a 5 or lower on all 16 videos. Especially the older respondents tended to 
be more negative in scoring within the video experiment. Also, the one person that scored a 
5 or lower on all 16 neighborhoods in the text-only experiment was assigned to the 50+ age 
category. But compared with the total amount of respondents in the age category 50+, it was 
just a minor percentage. 
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Figure 21. Relative frequency low scorers per age category 

 

4.3 Estimation results 
In this section the results for answering the first research question: What are the 
neighborhood preferences of people?, the second research question: Are there differences 
between the preferences of the video group and the text-only group? Will be answered in this 
section. The third research question: What is the added value of video based questionnaires? 
Will be discussed in the discussion and conclusion of this study. 
 

4.3.1 Goodness of fit 

Before answering the research questions of this research it was important to first examine the 
model fit of both experiment types. SPSS produces alongside the regression table extra 
information, these are added as Appendix K ς Output ordinal regression Video experiment 
and Appendix L ς Output ordinal regression Text-only experiment. One way of calculating the 
model fit is the McFadden R2 (also referred to as likelihood ratio or pseudo R2). This R2 
measures the amount of unpredictability in one variable that is shared by the other. The 
formula to calculate the R2 was based upon the book best practices in quantitative methods 
written by Osborne (Osborne, 2008, p. 374): 

 

Ὑ ρ
ς,,&ÉÎÁÌ

ς,,)ÎÔÅÒÃÅÐÔ
 

 
aŎCŀŘŘŜƴΩǎ R2 shows if the model is able to reproduce (predict) the actual observed choices. 
The R2 can vary from 0 to 1. If it is equal to 1, ǘƘŜ ŘŜŎƛǎƛƻƴ ƳŀƪŜǊǎΩ choice can be predicted 
perfectly (Hensher, Rose, & Greene, Applied choice analysis, 2015). Thus the R2 shows how 
good the outcome model (utilities) can predict the actual ratings (choices) respondents made. 
According to Hensher, Rose, and Greene (2015), a value of at least 0,1 for a discrete choice 
model, represents a decent model. When the value of the R2 is between 0,2 and 0,4 it means 
that the model has a good fit.  
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The -2 log likelihood for the video experiment is shown in Appendix K ς Output ordinal 
regression Video experiment and these numbers were filled in the earlier mentioned formula:   

 

2 ρ
φςςȟωρτ

ψτχȟφχφ
πȟςφυ 

 

 

The R2 was equal to 0,265 for the video experiment, which is considered a good fit by Hensher, 
Rose, and Greene (2015). 
 
For the text-only experiment the same formula applied as for the video experiment. The -2 log 
likelihood for the text-only experiment is shown in Appendix L ς Output ordinal regression 
Text-only experiment and these numbers were filled in the earlier mentioned formula:   
 

2 ρ
φςωȟπσπ

ωωσȟυπρ
πȟσφχ 

 
 
The pseudo R2 is equal to 0,367, which is also considered a good fit according to Hensher, 
Rose, and Greene (2015). Remarkable was that the R2 of the text-only experiment was higher 
than the one from the video experiment. This was mainly caused by the higher -2 Log 
Likelihood from the intercept, because in this number there is a ǊŜƭŀǘƛǾŜ ΨbigΩ difference 
(847,676 VS 993,501), while the -2 Log Likelihood final was approximately the same. Based on 
this can be concluded that the text-only survey had a better fit in this experiment compared 
with the video experiment, because a model with a higher R2 is better at predicting the 
observed choices. It was expected that the video model would have a better model fit, 
because people see the environment and are not left to their imaginative capabilities. A 
possible explanation for the better model fit of the text-only experiment could be the limited 
amount of levels of the attributes, as well as the simplicity of the attributes (easy to imagine).  
 
In the study performed by Patterson et al. (2017) the log-likelihood ratio of the VR study was 
slightly higher (0,243) than the ratio of the text-only study (0,229). The video experiment of 
this study scored slightly higher (0,265) compared to the VR survey of Patterson et al. (2017). 
In the research performed by Orzechowski et al. (2005), the text-only survey performed 
slightly better compared to the multimedia survey, which was also the case in this study. On 
the other hand Jansen et al. (2009) found that the tasks using multimedia had a better model 
fit compared to the text-only survey. The research of Orzechowski et al. (2005) and Jansen et 
al. (2009) report a R2 between 0,08 and 0,14 for their models, which is a lot lower compared 
to the model fit of this study. However this can partially be explained due to the low amount 
of respondents in those studies (Table 3). 
 

4.3.2 Influence low scoring respondents 

In section 4.2 Preference scores, eighteen respondents that scored only insufficient on all 
neighborhoods in the video experiment were discussed. To test whether the 18 respondents 
had a big influence on the results, the likelihood ratio and the average survey perception grade 
had been calculated again, but then without these (low scoring) respondents. This resulted in 
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a marginal change in the average grade people gave for the survey and the standard deviation 
did not change. Removing the respondents resulted in a slightly higher R2, however the model 
fit was still less compared to the better performing text-only model. The part-worth utilities 
turned out higher in the overall model, but there was no change in order of importance (SPSS 
output Appendix I ς Estimate ordinal regression Video experiment without low scorers). Thus, 
these 18 respondents had no serious influence on the overall model. Therefore, these 18 
respondents were not removed from the sample. 
 

4.3.3 wŜǎǇƻƴŘŜƴǘǎΩ ǇŜǊŎŜǇǘƛƻƴ ƻƴ text-only and video survey 
Patterson et al. (2017) states that VR appears to have better attentive and focused 
respondents. This resulted in a better model performance of the VR model compared to the 
text survey. Another reason for this was that people are ǎǳǊǾŜȅ ΨǘƛǊŜŘΩ ŀƴŘ multimedia was a 
different approach that triggers people. In another research performed by Orzechowski et al. 
(2005) there was no significant difference between the two types, but results suggested that 
the reliability of the measurement was better for the VR experiment. Another research 
performed by Jansen et al. (2009) did a comparison between using images and using a text-
only survey. They were unfavorably disposed towards using images in a conjoint measurement 
task about general housing preferences.  
 
To test whether respondents were more triggered and interested in the video experiment, 
respondents were asked to rate on a seven point scale if they enjoyed filling in the survey. In 
Table 8 can be seen that the mean score of the text-only survey was slightly higher compared 
to the video survey. Also the standard deviation of the text-only experiment was smaller, 
which indicates that respondents slightly enjoyed the text-only survey more than the video 
experiment. One reason for this could be the duration of the survey, this was longer in the 
video experiment (3.7.2 Duration survey and Appendix H ς Duration surveys), which could 
result in people liking the experiment less. To test whether there was a significant difference 
between the mean scores of the two experiment types an independent samples t-test was 
used. The experiment type was used as grouping variable and the perception score as test 
variable. The data of the study met the three underlying assumptions: assumption of 
independence(data (scores) are independent of each other), assumption of normality (test 
(dependent) variable is normally distributed in both experiment types) and the assumption of 
homogeneity of variance (The variances of the test (dependent) variable in the two 
populations are equal) (Northern Arizona University). The tests for these assumptions can be 
found in Appendix J ς wŜǎǇƻƴŘŜƴǘǎΩ ǇŜǊŎŜǇǘƛƻƴ ƻƴ ǘŜȄǘ-based and video-based questionnaire. 
The outcome of the independent sample t-test was that there was no significant difference 
(p<0,05 )between the average perception score in the two experiment types the difference 
was not significant (Appendix J ς wŜǎǇƻƴŘŜƴǘǎΩ ǇŜǊŎŜǇǘƛƻƴ ƻƴ ǘŜȄǘ-based and video-based 
questionnaire). 
 
Table 8. Score on 7 point Likert scale 

Experiment 
type 

N minimum maximum Mean Std. 
deviation 

Video 105 2 7 4,93 1,049 

Text-only 106 3 7 5,05 0,970 
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4.3.4 Attribute estimates  

The parameter estimates for the video and text-only experiments are shown in Table 9. All 
other output that was generated with SPSS can be found in Appendix K ς Output ordinal 
regression Video experiment and Appendix L ς Output ordinal regression Text-only 
experiment. The thresholds and parameters are shown in Table 9 with the estimated value 
through the ordinal regression analysis. TƘŜ ǾŀƭǳŜǎ άлaέ ƛndicates that this attribute level was 
taken as the base or reference attribute, which results in a part-worth utility equal to 0. The 
part-ǿƻǊǘƘ ǳǘƛƭƛǘȅ ǾŀƭǳŜ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ŀǘǘǊƛōǳǘŜ Ƙŀǎ ƻƴ ǇŜƻǇƭŜǎΩ ǊŜǎƛŘŜƴǘƛŀƭ 
preference. 
 
 
Table 9. Parameter estimates video and text-only  experiment 

 Video Text-only 

Threshold [Preference_Score = 1] -0,595***  -0,960***  

[Preference_Score = 2] 0,231* -0,270**  

[Preference_Score = 3] 0,784***  0,382***  

[Preference_Score = 4] 1,382***  1,101***  

[Preference_Score = 5] 2,060***  1,972***  

[Preference_Score = 6] 2,980***  2,858***  

[Preference_Score = 7] 4,117***  3,993***  

[Preference_Score = 8] 5,168***  5,595***  

[Preference_Score = 9] 6,540***  6,783***  

Parameter [Street_Design= For cars/pedestrians and bicycles] 0,368***  0,092 

[Street_Design=Primarily for cars] 0a 0a 

[Parking_type= Designated parking places] 0,529***  0,454***  

[Parking_type= On street] 0a 0a 

[Speed_slowing_measures=yes, speedbumps] 0,166* 0,623***  

[Speed_slowing_measures=No] 0a 0a 

[Playground_neighborhood=Yes] 0,291***  0,699***  

[Playground_neighborhood=No] 0a 0a 

[Pond_neighborhood=Yes] 0,323***  0,203**  

[Pond_neighborhood=No] 0a 0a 

[Green=High green (trees)] 1,480***  1,671***  

[Green=Middle green (bushes)] 0,830** * 1,569***  

[Green=Low green (grass)] 0,467** * 1,132***  

[Green=No green] 0a 0a 
***p < 0,01, **p < 0,05, *p < 0,1 

In the video experiment, five out of six attributes were significant  based on a significance level 
of 0,05. The attribute speed slowing measures had a significance of 0,052 and was significant 
on a 0,10 significance level. In the text-only experiment one attribute was not significant 
(p<0,10), in this case the attribute street design, with a significance of 0,273. All other 
attributes in the text-only study were significant based on a 0,05 level. All utilities for both 
experiment types were positive and the utility level increased from low green to high green, 
which confirms the earlier expectations on which the dummy coding was based.  
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Besides the significance, the magnitude each level had on the total preference score is shown 
in Table 9 as an utility value. Table 9 shows that speedbumps had the lowest utility value in 
the video experiment, while in the text-only experiment the speedbumps had a relative high 
utility (0,623). The lowest utility value in the text-only experiment was from the attribute 
street design, which was insignificant (p<0,1). How the attributes interrelate to each other will 
be discussed further in the this sub-section, because it is better to compare them in terms of 
relative importance, instead of the actual utility values SPSS provides. 
 
SPSS provides the intermediate (threshold) value (Table 9) between each of the ten scores 
(threshold)Σ ǿƘƛŎƘ ƳŜŀƴǎ ǘƘŀǘ άtǊŜŦŜǊŜƴŎŜψ{ŎƻǊŜ Ґ мέ ƎƛǾŜǎ ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ ōƻǊŘŜǊ Ǉƻƛƴǘ 
ōŜǘǿŜŜƴ άм ƴƻǘ ŀǘ ŀƭƭέ ŀƴŘ άнέΦ άtǊŜŦŜǊŜƴŎŜψ{ŎƻǊŜ Ґ нέ ƎƛǾŜǎ ǘƘŜ ƴŜȄǘ ōƻǊŘŜǊ Ǉƻƛƴǘ ŦǊƻƳ άнέ 
ŀƴŘ άоέΣ ŀƴŘ ǎƻ ƻƴΣ ŀǎ ǎƘƻǿƴ ƛƴ Figure 22 for the video experiment. The overview in Figure 22 
and Figure 23 gives perspective on the estimates of the attributes in Table 9 for the video and 
text-only experiment. The threshold values shown in Table 9 were used to distinguish ranges 
of values were the behavior predicted by the model varies in an important way, namely the 
border between each preference score. 
 
 

 

Figure 22. Threshold of ordinal regression video model 

The different scales for both experiment types show that the utility estimates cannot be 

compared directly with each other in the way they are shown in Table 9. 

 

 

Figure 23. Threshold of ordinal regression text-only model 
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With the part-worth utilities from Table 9 the relative importance of each of the attributes 
can be calculated (Molin, Oppewal, & Timmermans, 1996). In the book Getting Started with 
Conjoint Analysis (2010) this calculation is explained (Orme B. K., 2010). This book was 
followed to calculate the relative importance of each of the attributes. The method is based 
on the idea of looking how much difference each attribute can make in the total utility of the 
neighborhood in this case. The maximum utility of all attributes combined that can be scored 
in this experiment add up to 100% according to Orme (2010). It is important to keep in mind 
ǿƘŜƴ ŎƻƳǇǳǘƛƴƎ ŀƴ ŀǘǘǊƛōǳǘŜΩǎ ƛƳǇƻǊǘŀƴŎŜΣ ǘƘŀǘ ƛǘ ƛǎ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ ƻǘƘŜǊ ŀǘǘǊƛōǳǘŜǎ ŘŜŦƛƴŜŘ 
in this study. This implies that the experiments using the same attributes and levels can be 
compared, but not with other studies using different attributes and/or levels.  
 
The overview of the calculation is shown in Table 10 for the video experiment. In the last row 
of Table 10, the maximum utility that can be achieved in the video experiment is shown, this 
is calculated by adding the highest part-worth utility of each attribute. By calculating the 
difference between the highest and lowest value of the part-worth utilities, the utility range 
per attribute was defined. By calculating the utility range per attribute as a percentage of the 
maximum total utility the relative importance per attribute was defined, as shown in Table 10. 
The relative importance of the attributes is based upon the extremes of each attribute. 
Therefore this is not related to the part-worth utilities within an attribute. The relative 
importance of the attributes from the video experiment are shown as a pie chart in Figure 24 
and the relative importance of the attributes of the text-only experiment are shown in Figure 
25. These are based upon the same calculation as the video experiment, only with the part-
worth utilities of the text-only experiment. 
 
 
Table 10. Relative importance significant attributes 

Attribute Level Part-worth 
utility 

Utility range 
attribute 

Attributes relative 
importance 

Street design For cars/pedestrians 
and bicycles 

0,368 0,368-0,000 = 
0,368 

(0,368/3,157)*100% 
= 11,7% 

Primarily for cars 0,000 

Parking type Designated parking 
places 

0,529 0,529-0,000 = 
0,529 

(0,529/3,157)*100% 
= 16,8% 

On street 0,000 

Speed slowing 
measures 

Yes, speedbumps 0,166 0,166-0,000 = 
0,166 

(0,166/3,157)*100% 
= 5,3% No 0,000 

Presence 
playground 

Yes 0,291 0,291-0,000 = 
0,291 

(0,291/3,157)*100% 
= 9,2% No 0,000 

Presence pond Yes 0,323 0,323-0,000 = 
0,323 

(0,323/3,157)*100% 
= 10,2% No 0,000 

Green type High (trees) 1,480 1,480-0,000 = 
1,480 

(1,480/3,157)*100% 
= 46,9% Middle (bushes) 0,830 

Low (grass) 0,467 

No green 0,000 

 
Total utility range: 0,368+0,529+0,166+0,291+0,323+1,480 = 3,157 
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Figure 24. Relative importance attributes video experiment 

 
 

 

Figure 25. Relative importance attributes text-only experiment 
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The results are ŘƛǎŎǳǎǎŜŘ ǇŜǊ ŀǘǘǊƛōǳǘŜ ŀƴŘ ōƻǘƘ ŜȄǇŜǊƛƳŜƴǘ ǘȅǇŜǎΩ ƻǳǘŎƻƳŜǎ are compared, 
based on Figure 26. The relative importance of each attribute in Figure 26 is based on the part-
worth values from Table 9. 
 
 

 
Figure 26. Comparison relative importance attributes 

 
Street design 
The first attribute in Table 9 is street design, with a part-worth utility value of 0,368 in the 
video experiment. Street design was also significant, with a p value of 0,000. The street design 
ǘȅǇŜ ΨǇǊƛƳŀǊƛƭȅ ŦƻǊ ŎŀǊǎΩ ǎŜǊǾŜd as reference and was therefore 0. This means that people 
preferred the street design, which includes cars/pedestrians and bicycles usages over the 
street design that was primarily for cars. The part-worth utility from the text-only experiment 
had a much smaller value 0,092, which was not significant (p=0,273). When looking at Figure 
24, the attribute street design had a relative importance of 11,7% in the video experiment, 
which was a big difference in comparison with the text-only (2,5%) experiment. As can be seen 
in Figure 26, street design was the third most important attribute in the video experiment, 
while it was the least important attribute in the text-only experiment. Liao et al. (2015) 
included street design in the same way as this study did. They found a significant difference 
between the two levels in the attribute street design, which supports the findings of the video 
experiment on this specific attribute. Probably two reasons are responsible for the low and 
insignificant result of the attribute street design in the text-only experiment. The first reason 
is that people could not imagine the difference between the two levels. The second reason 
can probably be found in the length of the text for this specific attribute. Because it is a very 
visual attribute, the levels cannot be explained in one or two words. This means that a 
description must be given of the level, which can lead to people not carefully reading the text 
or just ignoring it. These two reasons probably caused the low importance of street design in 
the text-only experiment. In the video experiment on the other hand people immediately see 
the difference resulting in a higher significant importance.  
 
  



66 
 

Parking type 
The attribute parking type was significant in both experiment types. As expected, designated 
parking places had a higher part-worth utility value than parking on street for both experiment 
types. The part-worth utility value for designated parking places was 0,529 in the video 
experiment and was after the attribute green, the attribute with the highest part-worth utility. 
In the text-only experiment parking type had still a high relative importance (12,1%), but in 
this experiment the presence of a playground and speed slowing measures were more 
important attributes. 
 
Speed slowing measures 
The attribute speed slowing measures had the lowest part-worth utility value in the video 
experiment, which means that this attribute was ǘƘŜ ƭŜŀǎǘ ƛƳǇƻǊǘŀƴǘ ƛƴ ǇŜƻǇƭŜǎΩ ǇǊŜŦŜǊŜƴŎŜΦ 
Because of the low value (low importance), the attribute had a significance of 0,052, which 
means that the p value was significant (p<0,10). It was expected that speed slowing measures 
would have a bigger influence, because speed slowing measures could give the feeling of a 
higher level of security. The text-only experiment had a higher relative importance, namely 
16,6%. Regarding this attribute there was a clear difference notable in preference between 
the two experiments. It was expected that the speedbumps had a positive value, but the low 
relative importance (6th attribute) in the video experiment was not expected. Especially 
compared to the relative high importance in the text-only experiment (3rd attribute). One 
reason for this could be that people in the text-only take safety more into consideration. 
However in the video experiment, people are less considering and more visually oriented. In 
the research performed by Van Cauwenberg et al. (2016) pictures were used to retrieve older 
ǇŜƻǇƭŜΩǎ ǇǊŜŦŜǊŜƴŎŜ ǊŜƭŀǘŜd to street characteristics. Their study included the attribute traffic 
calming device, which was the same as the speed slowing measures attribute in this study 
(also same levels). The attribute traffic calming measure had the lowest importance in their 
study, even a lower importance than the presence of benches and the presence of an obstacle 
on the sidewalk. This supports the idea that people process the two experiment types 
differently. 
 
Playground neighborhood 
In both experiment types the attribute playground within the neighborhood was significant 
(p<0,05). The part-worth utility had a part-worth value of 0,291 in the video experiment, which 
means that the presence of a playground gives a higher preference score. This was the same 
for the text-only experiment with a positive part-worth value. When comparing the relative 
attribute importance of the two experiment types a difference was notable. The relative 
ŀǘǘǊƛōǳǘŜΩǎ ƛƳǇƻǊǘŀƴŎŜ ƛƴ ǘƘŜ Text-only experiment was much higher (18,7%) compared to the 
relative importance in the video experiment (9,2%). It was expected that the playground 
would have a positive value, but the low relative importance (5th attribute) in the video 
experiment was not expected. Especially compared to the relative high importance in the text-
only experiment (2nd attribute). The low attribute importance of the playground in the video 
experiment could possibly be explained by the placement of the playground at the end of the 
video. Maybe respondents were not paying attention anymore at the end of the video. 
 
Pond neighborhood 
At the start of the experiment it was not clear whether the part-worth utility of the presence 
of the pond in the neighborhood would have a positive or a negative influence on the 
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preference score. On the one hand one could argue that the presence of a pond would have 
a positive value, because of (more) nature. On the other hand the presence of a pond is could 
be seen as unsafe, for instance for kids, which could result in a negative part-worth utility. The 
utility value was positive in both experiment types (Table 9; 0,323 and 0,203). Therefore in 
general the presence of a pond results in a higher preference score. It was not expected that 
the pond would have a higher utility value than both the speed slowing measures and the 
playground, as is the outcome in the video experiment. The relative importance of the 
attribute presence pond in the video experiment is almost double compared to the text-only 
experiment, as shown in Figure 26. 
 
Green type 
The last attribute in this study is green type, which had a significant p-value of zero in both 
experiment types. The reference category was no green, with a utility of zero. In this study 
green type had the highest relative importance in both experiments and was therefore 
ǊŜƎŀǊŘŜŘ ŀǎ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŀǘǘǊƛōǳǘŜ ƛƴ ǇŜƻǇƭŜǎΩ ǊŜǎƛŘŜƴǘƛŀƭ ǇǊŜŦŜǊŜƴŎŜǎΦ It was expected 
ǘƘŀǘ ƎǊŜŜƴ ǿƻǳƭŘ ƘŀǾŜ ŀ ǇƻǎƛǘƛǾŜ ŀƴŘ ƛƳǇƻǊǘŀƴǘ ƛƴŦƭǳŜƴŎŜ ƻƴ ǇŜƻǇƭŜǎΩ ǊŜǎƛŘŜƴǘƛŀƭ ǇǊŜŦŜǊŜƴŎŜǎΦ 
The relative percentages of the two experiment methods were also close, namely 44,7% and 
46,9%. Thus in both experiment types of this study, half of the total importance was 
determined by green type. 
 
In both experiment types the utility value increases with a higher level of green type (Figure 
27). When looking at the video experiment, the low green had a part-worth utility of 0,467, 
middle green of 0,830 and high green of 1,480. The text-only experiment had a part-worth 
utility of 1,132 for low green, 1,569 for middle green and 1,671 for high green. If these values 
are shown in a bar chart (Figure 27) it becomes clear that the utility value in the video 
experiment increases more over the levels of green type. On the other hand in the text-only 
there is a very steep increase between no green and low green. Also, middle green and high 
green were more similar looking at the utility values. This implies that a level change from no 
green to any type of green was very influential in the text-only experiment. While this was 
more dependent on the type of green in the video experiment.  
 

 
Figure 27. Comparison part-worth utilities green type 
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If there was high level of green (trees) in the neighborhood this alone resulted in a 5 on 
preference score (1,480 on scale Figure 22), while if there was no green in the neighborhood, 
but all the other attributes had the highest part-worth utility, the total neighborhood scores 
a 5 (1,677 on scale Figure 22) in the video experiment. This would suggest that if there was no 
green in a neighborhood and high green was added, this would have approximately the same 
effect (a 5 on a 10 point scale) as adding bicycle lanes, parking places, a playground, a pond 
and speedbumps altogether. Thus, without the presence of green in the neighborhood, the 
preference score of people was, in the most optimal situation, a slight preference to not live 
there (score 5 out of 10) for the video experiment. Without any green, the neighborhood could 
score a maximum of 6 (2,071 on scale Figure 23) in the text-only experiment. The level high 
green scores a 5 out of 10, which is the same as in the video experiment. 
 
Overall 
The most optimal neighborhood in this study was shaped by the highest total part-worth 
utility, that means a neighborhood with separate bicycle lanes, a pond, a playground, 
designated parking places and high green (Figure 28). The neighborhood that would score the 
least (lowest part-worth utility) consisted of no playground, no pond, street primarily made 
for cars, parking on street and no green. This was consisted between both experiment types. 
When comparing the maximum preference score on the 10 point scale, then can achieve a Ψ7Ω. 
The video experiment on the lower side and the text-only experiment on the higher side of 
the seven (based on scales Figure 22 & Figure 23). 
 
 

 
Figure 28. Highest preference neighborhood 

 
The relative importance of speed slowing measures and a playground were more influential 
in the text-only survey compared to the video survey. The street design was not significant in 
the text-only experiment, while it was in the video experiment. The relative importance of all 
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remaining four attributes was higher in the video experiment, especially the pond and the 
street design.  
 
The text-only experiment yielded a better model fit, than the video experiment (McFadden 
R2). Both have green type as the most important attribute. As can be seen in Table 11, the 2nd-
3rd and 4th most important attribute from the video experiment were the least important 
attributes in the text-only experiment. Therefore the two least important attributes in the 
video experiment became 2nd and 3rd in the text-only experiment. 
 
Table 11. Attribute importance ranking 

 
Video experiment Text-only-experiment 

1 Green type Green type 

2 Parking type Presence playground 

3 Street design Speed slowing 
measures 

4 Presence pond Parking type 

5 Presence playground Presence pond 

6 Speed slowing 
measures 

Street design 
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4.3.5 Estimation results of sub-groups 
For the sub-groupǎ aŎCŀŘŘŜƴΩǎ ǊǳƭŜ ƻŦ ǘƘǳƳō όмфупύ ƛǎ ŦƻƭƭƻǿŜŘΣ ƴŀƳŜƭȅ ŀǘ ƭŜŀǎǘ ŀ ǎŀƳǇƭŜ ǎƛȊŜ 
of thirty respondents per group (Hensher, Bus transport: Economics, policy and planning, 
2007). In order to compare groups, sometimes recoding was necessary in order to achieve the 
thirty respondents per group. For each sub-group, a 3D bar chart is shown with the relative 
importance of all six attributes for both experiments. In this way the relative importance 
within the sub-group is presented, as well as the difference between the experiment types. 
No major observable differences were present in the sub-groups household income and urban 
density in terms of relative attribute importance. Therefore these sub-groups were not further 
discussed in this sub-section. The threshold values of each of the ordinal regressions were not 
included, but can be found in the appendix. 
 
Gender 
In the text-only experiment, female relatively score parking type higher than male, but in both 
cases it was the fourth attribute looking at its importance (Figure 29). This was not observed 
in the video experiment, where both were closer together, but also male scored relatively 
spoken higher than female, which was the opposite of the text-only experiment. The rest of 
the scores were in line with the overall scores of both experiments. Also the pseudo R2 was 
higher in the text-only experiment compared to the video experiment, which was in line with 
the overall model (Table 12). The threshold values for the sub-group gender can be found in 
Appendix M ς SPSS output ordinal regression sub-group gender. 
 

Table 12. Utility overview sub-group gender 

 Gender 

 Video Text-only 

Attribute Level male female male female 

Street design For cars/pedestrians and 
bicycles 

0,389***  0,347***  0,107 0,085 

Primarily for cars 0 0 0 0 

Parking type Designated parking 
places 

0,581***  0,480***  0,274**  0,582***  

On street 0 0 0 0 

Speed slowing 
measures 

Yes, speedbumps 0,129 0,204* 0,653***  0,607***  

No 0 0 0 0 

Presence playground Yes 0,305**  0,281**  0,715***  0,690***  

No 0 0 0 0 

Presence pond Yes 0,350***  0,299**  0,230* 0,180 

No 0 0 0 0 

Green type High (trees) 1,476***  1,490***  1,690***  1,655***  

Middle (bushes) 0,776***  0,883***  1,531***  1,590***  

Low (grass) 0,450***  0,482***  1,101***  1,153***  

No green 0 0 0 0 

Maximum utility 3,230 3,101 3,669 3,779 

McFadden R2 0,187 0,173 0,240 0,284 
***p < 0,01, **p < 0,05, *p < 0,1 
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Figure 29. Relative attribute importance sub-group gender 

  






































































































































































