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Summary

Introduction

Nowadays quality of life iswidely discussed topim literature. Residential satisfaction can

often be used asan indicator for quality of life Therefore, the researchy i 2 LIS2 L)X S Q
neighborhood preference has gained in importandespecially dr policymakers and
municipalites the NS & S+ NOK Ay (2 LIS2 L) SQBhas & BighProdtg NK 2 2 R
Because with this informationeighborhoods can be adapted to attractertaintarget group

to improve social cohesion within theommunity. 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 sedemographic 8b- groups.By answering the first

research questionNRQ)of this study more insight will be gained into the neighborhood
preferences of people.

WYhat are the neighborhood preferences of peopiel are thereobservabledifferences
between sulbgroups?Q Q

Stated preference (SP) surveys are the most commonly used survey type to investigate
neighborhood preferences of people. Due to fast technological advanue® SPresearch
surveys areexecutedusing multimedia, deviating from theonventionakext survey. Several
studies have comparkthe use of multimedia to text using a SP suniay, their conclusions

are inconclusive and sometas contradictory to each othetn order to make compelling
a0l G6SYSyda NBIFNRAYI LIS2 LI S Ohdds yeecanipared bdd 2 2
evaluated regarding their usefulness in neighborhood studies. One group of subjects
participated in a texonly SP survey about neighborhood preferences while another group
took part in a videedbased SP survey, representing the nmédia part.Furthermore, the
added valueof the use ofavideoin neighborhood preference studiegas investigated

P
—
rd

YO! NB GKSNB RATTSNByY OS avidéoBaseddsobp/andithie SextinilB ¥ S NS
group?

WO2 KIFd A& GKS | RRSRt Ol 6z825 G RFY PARBRAKNAS

Method

Based on a literature stuggixneighborhoodattributes and their levelsvere selected(Table
1). All six attributes and their levelsanbe visually represented in different waysased on
LJS 2 Liha§ifkedion, which madthe outcomes of the comparison between the two methods
interesting.

l'GONROdzGSE GKIG O2dzf R y2G 06S OAradzffe LINBas
YpcatiolQ G SNBE y20G Ay Of dzZRSR Ay i 8PAstudies, ihezRt@ibbte L y
wyzySeQ A& AyOfdRRSRT (2 fF3iSN 2y SELNBaa K
LINSFSNBYOS LISN) FGUONROodziSd 1 26SOSNE Ay (K
neighborhood preference aside from what they would Wwilling 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 tarfd the actual neighborhood preference of people aside from
a monetary value or proximity to a city center.

Tablel. Overview attributes and levels

Attribute Levels
Street design 1. Primarily for cars

2. For cars/pedestrians anddycles
Parking type 1. On street

2. Designated parking places
Speed slowing measures 1. No

2. Yes, speedbumps
Playground in neighborhood 1. No

2.Yes
Pondin 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 researaewhat 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 timeragewould be willing

to spend filling in the survey. Also, with the use of a fractional factorial design a good
representation could b@resentedof the total 128 possibilities

The drawing package Blender Render was used to produce the videos, beeeasavailable

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 lifelik@ll rendered moies had the same
duration and the attributes that were not measudgfor instance lampposts) had the same
location color and amounin every movie. Thiwas doneto make sure that these variables

did not create bias and were not measured in the online syrv

In order to make sure that the experiment methods were comparable, both contained exactly

GKS alyYS ljdzSadAizya IyR |dGNRodziSad . 20K &dzN
a2aisSyYyQs 6KAOK A& thayallavytd empesl mavisNaimSpictured Thel T 2 NI
(16)NBYRSNBR Y20ASa 6SNB AyOfdzZRSR a4 ,2dz¢dzoS O



Since al0 point rating scale without middle (neutral) option wased to score each
neighborhood,an ordinal regression was used to analyze the data. In order timie an
ordinal regression, the levels of each attribute were recoded as dummy variables.

Results

The sociedemographics of both experiments were comparable, which allowed to compare
the outcomes of both experiment types. In total 565 people opened drthesurveys, from

which 212 respondents completed either one of the surveys. In \tieo survey the
completion rate was lower compared to the text experiment. This could be related to the
duration time, whichwasa few minutes longer compared to the teanly survey. Another
reason could be that several respondents that were recruited through a company had to quit
thevideod dzZNIS& 06SOl dzaS GKS O2YLIl yeée of201SR GKS

Two unexpected findings were detectéd the SPSS output of the ordinal regsion Based

on literature, it was expected that respondents would enjoy the video survey more compared
to the textonly 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 thevey. Unexpectedly, the texinly
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, whilen the textonly 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-dakt
experiment scorec lotbetter in terms of model fit (prediction).

The partworth 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. Inlb& SELISNRARYSy(d GeLlSazr GKS
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 attributemportance (Table 2).

In both experiment typesdifferences were found between different sigvoups. Not all of
these differences in sugroups were consistent between the two experiment types. Those
that were consistent between the survey types are coesd as solid evidenc€or instance,
the relative importance of the presence of a playgroamdl the presence of speedbumpsis
higher in a household with children compared to a household without childmerboth
experiment types)



Table2. Relative importance ranking of the attributes

Video experiment Textonly-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 Street design
measures

Conclusion

The answer to the firsRQis that there are observable difference between the gubups.
However, the experiment types contradect each other in some sufroups and therefore,
only differences thatwere found in both experiment typesvere considered a& (i Nz Q ¢
differences between experiment types coldé caused by the low amount of respondents
per subgroup. The overview of the overall preference of people is showrabie2 for both
experiment types.The answer to the second question is that there are indeed differences
between the two experiment types in attribute importanceaple2).

Researchers need to be very careful when using a multimedia survey anderoifigising
multimedia has added value (RQ 3) for the specific research they want to perform. For overall
preferences the use of a texinly SP survey should be sufficient. The pitfall in using
multimedia is that attributes and levels can be shown in ipldtways, 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 wh the attribute cannot be explained in a few words
(text).

10



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
mensenaan te trekken en daarmee de sociale cohesie binnen de wijk te verbetbese
studie was uitgevoerd om een beter beeld te krijgen van de wijkvoorkeuren van mensen.
Daarnaastis meer informatie verkregen over de voorkeuren van sodemografische
subgoepen. Door de eerste hoofdvraag van dit onderzoek te beantwoorslereer inzicht
verkregen in de wijkvoorkeuren van mensen.

" Wat zijn de wijkvoorkeuren van mensen en zijn er waarneembare verschillen tussen
subgroepen? "

W{GF GSR LINE T 8anB vijd Set mdedt gedruikBypd als het gaat om het
onderzoeken van wijkvoorkeuren van mensen. Vanwege de snelle technologische
ontwikkelingen worden meer SP enquétes uitgevoerd die gebruik maken van multimedia,
afwijkend van de traditionele tekst engtes. Meerdere studies vergelijkehet gebruik van
multimedia in SP enquétes met het gebruik van tekst in SP enquétes, maar hun conclusies en
resultaten zijn tegenstrijdig. In deze studie worden twee enquétes vergeleken, namelijk een
die gebruik maakt vamultimedia (video) erentraditionele tekst enquéte.

" Zijn er verschillen tussen de voorkeuren van de video groep en de groep met allee@t€kst?
" Wat is de meerwaarde van op video gebaseerde SP vragenlijsten? "

Methode

Op basis van een literatustudie zijn $a W  ( NR 0 dziidSrénfe oBd¢rliggeade NS & LJ2
levels3S1 21T Syod 1£tS 1S8a WHiGNRO6dziSaQ Sy Kdzy 2y
YI' YASNBY @OA&adzSSt 62NRSY ¢gSSNHSISPOSyod WI GGNRO
worden, zoalsafstand en geldzijn niet gebruikt in deze studi&oor het multimedia gedeelte

gy RST S ai(dzRAS T A2y GASNI a22NISy 20SNp23SyYy
virtual reality (VR) wereldOp basis van de beperkte tijdspanne van het onderzoekleen

controle van de onderzoeker op wat mensen zien, is ervoor gekozen om een video te
gebruiken om devijk te visualiseren

Het tekenpakket Blender Render werd gebruikt om de video's te produceren, omdat het
beschikbaar was als een open soupregramma om de transparantie en
reproduceerbaarheid van het onderzoek te vergroten. Daarnaast kan Blender Render worden
gebruikt om hoogwaardig’ (i S E te dzhkBréinthet vide@xperiment waardoor de virtuele
omgevingmeerlevensechwordt. Allefilmpjeshadden deelfde duur en deobjectendie niet
werden gemeten (bijvoorbeeld lantaarnpalen) haddarelke filmdezelfde locatigkleur en
aantal Dit is gedaan om ervoor te zorgen dat deze variabelen niet werden gemeten in de
onlineenquéte5 S @A RS2 Qa elvile® yerwerkt in de oflidetedgoéte door middel

11



van het Berg enquéte systeem. De respondenten van de enquétes werden gevraagd om elke
wijk te beoordelen op een 10 puntenschaal, zonder neutrale (midden) optie.

Resultaten

De sociedemografische gegevensaw beide experimenten waren vergelijkbaar, waardoor de
resultaten van beide soorten experimenten vergeleken konden worden. In totaal hebben 565
mensen een van de enquétes geopend, waarvan 212 respondenten de esguébben
ingevuld. In de videenquéte wa het voltooiingspercentage lager in vergelijking rdet
tekst-enquéte Dit kan te maken hebben met de dwan de videeenquéte welkeeen paar
minuten langer was in vergelijking met de enquéte alleen voor tekst.

Op basis vade literatuur werd verwachtlat respondenterhet leukerzoudenvinden om de
video-enquéte inte vullen Onverwachs scoorde het tekstonderzoek iets hoger in vergelijking
met het videeexperiment, wat het tegenovergestelde was van wat aanvankelijk werd
verwacht. Tevens was een beterenodel fit (voorselling) verwacht voor het video
experiment,omdat alle respondenten in het videexperiment dezelfde weergave van elk
Wi G G Né\zeenzie§ed Terwijl respondentenin het experiment met alleen tekst aan hun
verbeelding worden overgelah. In deze studie hadden beide typen experimenten echter een
goede overalfit, maar het experiment met alleen tekst scoorde duidelijk beter in termen van
model fit (voorspelling).

De waardevan beide soorten experimenten werden omgezet in het relatiseang van elk

Wi G G Naardeor& € vergelijkbaaverden De rangorde van all#’l ( ( N¥ao beids a Q
methodenisweergegeven iTabell. In beide soorten experimenten vertoonde Kt G G NA 6 dzi S
type groenhet hoogste relatieg belang (z 50%). Het relatieve belang van de anderas

echter verschillend tussen de twee experimenttypen, wat resulteerde in een andere
rangschikking in attribuutbeland ébell)

Tabell.Volgorde 8t G A ST 6StFy3a WFHGGINAROGAzESAaQQ

Video experiment Tekstexperiment

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 wijer

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 ki soorten enquétes worden beschouwd als solide bewijs. Het
relatieve belang van de aanwezigheid van een speeltuin en de aanwezigheid van
verkeersdrempels was bijvoorbeeld hoger in huishowgleret kinderen in vergelijking met

een huishouden zonder kinderdgim beide soorten experimenten).

12



Conclusie

Het antwood op de eerste onderzoeksvramgdat er een waarneembaar verschil is tussen de
subgroepen.DdzA 11 2 Ya i Sy @I y RS expdrieitlyferspeked alikaarh y RS
sommige subgroepentegen en daarom worden alleen verschillen die in beide
experimenttypennaar voren kwamerals 'waar' beschouwdHet lage aantal respondenten

per subgroepkan de oorzaak zijn van verschillen tussen de experimenttybeh overzicht

van de algemenavijkvoorkeur van mesen is weergegeven ihabell voor beide soorten
experimenten(onderzoeksvraag 1Het antwoord op de tweede vraag is dat er inderdaad
verschillen zijn tussen de twee soorten experimengeidleo en tekst), zoals weergegeven in

Tabell.

Onderzoekers moeten heel voorzichtig zijn bij het gebruik vanSfeenquétedie gebruik
maakt van multimedian overwegen of het gebruik vanultimediaeen meerwaarde heeft
(onderzoeksvraa@) voor het specifieke onderzoelat ze willen uitvoeren. Voor algemene
voorkeuren zou het gebruik van een-&Rjuéte met alleen tekst voldoende moeten ziten
valkuil bij het gebruik van multimedia is d&ttributea @n de onderliggende levelsp
verschillende manieren kunnen wordgetoond, wat kan afwijken van hoe de buertin het
echt uit komt te zien Daarom wordt het gebruik van multimedia alleen geadviseerd in
situaties waarin de representatie van &tributed Ketzelfde is als hoe ze in de echte buurt
worden gemaakt, of wai S S NJ RS  Wét i GeNpaar dedoBlén@ekskunnenworden
uitgelegd.

13
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Abstract

Residential satisfaction is ofteseen asanindicator for quality of life, which makes research
Ayid2 LIS2LX SQa vy S aad mpoadiapie. Rraditiiy & Satal predegence
study (SP) contains written attributes (textyhich leavethe respondentto make mental
imagesfor him- or herself. With current progress in virtual reality (VR) applicationre SP
surveys are performed with the use of multiia. This study addto the neighborhood
preference literature, as well to the discussion whethaultimediaapplication in SP surveys
hasadded valueln this study six neighborhood attributésmve beerused and presentetb
two different respondent group. One groupfilled in the conventionaltext-only experiment,
while the othergroupcarried outthe video experimentBoth experiment designs useden
point rating scaldo express neighborhood preference and wenealyzed using an ordinal
regression.

In total 215 respondents completed either one of the survey tygé® overall model fit of
the textonly experimentwas better compared to the video experimén Additionally,
respondents slightly enjoyed the terhly experimentmore. In both experiment ypes the
attribute green typdlscored 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 teet-bnly surveythought more
about how important they considered the individual attribute@ghile in the video experiment
the largervisual attributes gained importance. Thiases the questiorif the application of
multimedia may lead to incorrect preference scores. Researchers need to be very careful
when using anultimedia survey andevaluateif usingmultimedia has added value for the
specific research theyant to perform For overall preferences the use of a t@xtly SP survey
should be sufficientThe pitfall in usingnultimediais that attributes and levels can be shown
in multiple ways, which can deviate from how the neighborhasdctually going to be.
Therefore usingmultimediais advisedonly in situationswhen the representation of the
attributes is the same as how they are going to be made ireéhéneighborhood, or when
the attribute cannot be explained in a few words (text).

Keywords:

Neighborhood preference, attribute visualization, stated preferencesentation style
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1. Introduction

In this introduction the topic, research questions and aim of the ithase presented. In
addition, the research method thatasused to answer these research questiasgdiscussed.

The outline of the introduction is structured in sections to provide a clear overview of the
research that has been conducted in this studyergfore, the introduction will discuss the
problem framework and definition, research goal, research boundaries, research design, the
social and scientific importance of this studt. the end of this chaptea reading guidas
addedto provide the readewith a clear overview of the organizationtbis report.

Social separation is@oblem that often occurs in residential areaere only one layer of
the population is presenfor instance theDutchW @2 3 St | HKullbérR& Feyneniier,
2013) Oneway 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, nagnehanging the
housing stoclor through making the neighborhood attractive for other soettemographic
groups. The first method, to change the housing stacirather difficult approactsince often
houses are owned by the people residing thesecondly, by makindpe neighborhood more
attractive for other sociedemographic groupshe quality of life of peoplewill indirectly
increase.The secondnanneris easier for policy makers to implement, while they do not deal
with multiple owners. By making the neighborhood more attractive for other socio
demographic gsups the quality of life of peopl&iill increasegven 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 populain 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 purpse is under discussiomnultimedia 3A @S&4 GKS LJl2adaAoAfAde
preference more accurate for attributes thate very visualinstead of only using text. For

example the square meters of a house caalably better be shown as texinly, insteadof

processing in &irtual world. For instance architectural style or types of green can probably

better be visualizedthrough multimediainstead of textonly, because multimedia i$ess
OAlFaASR o0& GKS LISNB2YQa AYIFIAYFGABS OF LI oAf Al

The research problem is twofold, namely theighborhoodpreferenceshemselvesand the
differences in outcomesetween the use ofmultimedia and textonly surveys In the
academic literatureresearchers do not agree on the use of multimediatated preference
(SP)surveys. By usingvo survey types (multimedia and ternly), 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 which the multimedia model was
developed and a part in which the outcome in residential preferences between different
layers of the population isvestigated
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¢CKNBES YIAYy NBaSINOK ljdzSaidArzya ¢gSNB F2NXNdz | S
neighborhood preferences, while the second and third question focus on differences between
the models and the added value of vidbased questionnaires.

1 What are theneighborhoodpreferences of peopland are there differenseobservable
between sulyroups?

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 adth&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. Irthis study, neighborhood preferences will be investigated, without taking
into account housing attributes or using monetary values.

2 Are theredifferences between thpreference of the videcbasedgroup and the texbnly
group?

The second main questidocusse®n the difference between both survey versions {tay
andvided. In the literaturenot all studiesagree that there ar@rominentdifferences between

the two teststypes Researchers do not agree on these differences and argue thatethed
might bebetter than the other, while some say they are a lot alike. Until now only one study
has been executed withraspectableamount of respondent@Patterson, Darbani, Rezaei, &
Zacharias, 2017)While others have beeaione with a lover number of respondents and are
difficult to baseconclusions on.

3 What is the added value of viddmased SP questionnaires?

With this research, more information will be gathered on the (un)likeliness of the two methods
and their appltabilityin 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 fecusse
combination of text and multimedia against a teotily study. The aim of these studies was to
investigate if the use of text is less important in a multimedia study as compared teantgxt
study. In contrast to this previous research, this stutlysolely focus on visual attributes and
therefore compares a multimedia study with a textly study.

Thefirst research objective is tinvestigateLJS 2 L S Q& NI a A RaSd/comiparé LINBE T
these betweerdifferent subgroups of the populationThesecond objectivaimsto compare

the video group with the textonly group while the third objective examines$ the video

experiment has added value compared to the texily experiment The set of attributesn

this study aresubjected to the use of videand the drawing capabilities of the researcher

This means that not all attribute typesan be used or extreme precautierould be necessary

when drawingthem. In the literature a lot ofconcerns are expressely’ WKA RRSyYy Q | 4 {
that couldaffect ped.Jt S Q &. TRefEsible Bffects of these hidden attribute# be taken

into accountand are minimalized when creating the virtwebrld.
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The first step irdesignng the research is to define the attributes and their corresponding
levels. Afterdeciding on the attributeghe profiles can be determined. Subsequently, the
surveys are developed-igurel). These steps will take less time for the texiy survey
compared to thevideosurvey. Thevideo surveywill require more time, because theirtual
world has to be created and integrated into tbalinesurvey. When both theideoand text
only survey are completedn expert paneWill be asked to compar&oth survey typesand
evaluateif they are similamnd comparable in terms of outcom&Vhen they are not similar,
the critique will be processed and the improved version is presented to the panel of experts.
When the surveys arapproved both will be executed. This will take time, because enough
respondens need to beecruitedfor both surveygtwice as much respondentse needed)
Subsequently tb sociedemographicof both respondent groupsvill be investigated using
descriptive statisticdo investigate whetherthese are comparablebetween groupslf the
socicdemographics are consistent between the respondent groups, the dathewdhalyzed
and the preferences between the two methods can be compard conclusionscan be
drawn.

Expert panel YES Execute survey Perform statistic Draw conclusions
agrees? analysis on data

Figurel. Research design

The resuls of this studycan providemunicipalities project developersand other instances

with a good view onwhich attributes people value in aneighborhood The expected
neighborhood preferenceper attribute will be discussed section3.2 Attributes surveyin
addition to neighborhood preferences of differestib-groups, the outcome between the
traditional textonly and the videdoased survey is investigated. Since all of the chosen
attributes can be visually picted in many different ways, a difference in neighborhood
preferences is expected between the two methodls.the textonly survey people have to
imagine the surrounding, which is likely to deviate from the neighborhood that is used in the
video experimentFor example, because all attributes can have different sizes, shapes or
locations.
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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 virtwadrld 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 represdiun of the neighborhood is sufficient for this
study, however, the video design may lack supplementary det8ilsce neighborhood
preferences are compared between two experiment types, twice the amount of respondents
are required. Therefore, finding tr@mount of respondentfor two studieswill be challenging.

The researchiocusses orthe environment(neighborhood)and not on housing attributes or
distances to for example the city center.

Thisresearchwill provide municipalities, project developeasid other instancesvith better
knowledge on how to improve neighborhoodsd attractspecific soci@lemographic groups
Based on this researcimeasurescan be takenn neighborhoods to improve quality of lifes a
well asattract other sociedemographic groups.

The scientific importance of this study is twofoldA Y RA Yy 3 LIS2 L)X SQa LINBFSNE
differences and added value of vidéased survey in comparison with a textly survey

First, withthis sdizR& Y2 NB Ay aA3aKd Ay LIS 2 Wil ieQainedgn8 A I3 Ko 2 |
addto neighborhood preferenceesearch This study is unique becaugesolely focusses on
neighborhood attributesaside from norvisual attributes (e.g. money and distance$he

second important contribution to literature is the comparison between the conventionalktext

only and the video survefprevious research does not ag@ewhether the use of multimedia

has added value. With this study more reseawdh be obtained about thesimilarities and

differences between the two methodsSubsequentlya decision can be made on what the

added value of using multimedia 8Pneighborhood studiess.

This research paper is divided in four chapters, the current chapteeifirst 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 metiology 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 stuces 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.

In thisfirst sectionthe importance ofperformingneighborhood resarch 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 stsdagll be provided.

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 lifdhn & Lee, 2016}¥ 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 glaba & Lee, 2016A surveywhich

was performed by the Dutch ministry(Het ministerie van Binnenlandse Zaken en
Koninkrijksrelaties, 2018howed that97% of the people who find their residential area (very)
attractive expressedthat 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 characteristit$he neighborhoodMesch & Manor,

1998, p. 514)Also Sirgy and Cornwé¢l002)found that neighborhood features affect quality

of life through the mediating effects of community satisfaction, housing satisfaction and home
satisfaction (Sirgy & Cornwell, 2002)'hus, when people are less satisfied about their
neighborhood this results in a lower quality of liféhis is the case in multiple neighborhoods,

as discussed in sedection1.1 Problem definitionTheNS & S NOK sipfefegencds)S 2 LJ S
regarding their surroundings is very important to ensure a good quality of life within a
community

When choosing a place to liveegple need tadecide omatype of dweling in a ertain kind of
residential aregVasanen, 2012)City management can influence the characteristics of the
house, neighborhood, and resident, thus the habitability of a residential sefingogan,
Akyol, Ataman, & Dokmeci, 2007he 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 correspordsheiit 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 compogtopje have
different needs ad therefore wishes in their residential statéor examplevhen a childis

born and a family expands, their wishes and needs chdrayger familiesieed more rooms
andvaluea safe environment with a playground for the chiRhtterson et al., 203 Janse

et al., 2009Nijenstein et al.2015 Heins, 2004Badland et al, 20%,2/asanen, 2012Families

with children prefe to live futher awayfrom the city center, while th@dolescentand older
respondents favor to live centrally (Lindberg, Hartig, Garvill, & Garling, 1992)an
Cauwenberg et al. (2016) found that among older adults the sidewalk evenness is a very
important attribute, whilethe attribute traffic calming device htha very low importancelhe
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neighborhood preferaces in the study executed by Badland et al. (20412 different

between groups of peopléreferencedifferencesare foundin the group age, education level

and household incometHowever Badland et a(2012) only focusses on the urban style
preference @ people.Lindberg et al. (1992) looked at the influence of the life cycle stages on
preferences on housing as well as neighborhood preferefick.y OS LJS2 L SQ& y SA
preferences change when going through the life cycle it is very important in neigid

studies to include descriptive questions regarding, among others, education level, age and
household incoméMichaelson, 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
respondentsThese studies show that not only socilemographic groups can be formed, but
also groups of peoplebased on theircurrent residential/neighborhood characteristics
Additionally 0 KS 5 dzi OK W2 ARijksovethgi® SOLP)\2hBH i© a large survey
executed by the Dutch governmenises demographics to find preferences of groups of
people. These demographics of the respondents aneithpreferencescan be important
knowledge for policy makers as well as develoardother instancesThus, together these
studies indicate that the current living situation of people influences their residential and
neighborhood preferences. Thereforehen performing neighborhood research it is very
important to take these into accountln section 3.5 Survey the factors (e.g. socio
demographics and neighborhood characteristics) that asaminedin this study are
discussed.

The attributes in this study are based on a literature stuetyr this purposeelevantstudies

that used text and/or multimedia methods are reviewed in Tabl&lg article title as wikas

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 studyne of the most used attributes is the attriteuprice, however this

will not be used as indicated earlier, because the focus of this research lies on the actual
preferences, without the influence of pricénother attribute that is often used,s the
proximity or distance to something, this can bg/aenter, park, supermarket, transit. Only
visual attributes will be used in this study, therefore the proximity or distance attrikuiite

not be used.Some studies iMable3 only focus on housing attributes and others on a
combination of housing and neighborhood attributehe attributes that have to do with
housing will not be examinefdirther.

Louviere and Timmermans (1990) use multiple neighborhood attributes, such as greenery,
playgrounds and the amount of traffic in tmeighborhood. Liao et al. (2015) and Tian et al.
(2015) ue in their studies the neighborhood attributestreet design and the parking
availability in the neighborhood. The type adr parking is used as a neighborhood attribute

by Molin et al. (1996)Traffic calming devicés 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 neighborhoodVos 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 n the study performed by Heins (200d9spondents were asked which attributes
they consideredmportant in arural residential environmen®ppendix A Frequently stated

preference$. Typical characteristics of the rural landscape such as nature, open spaces, water

and animals are much valued among the characteristics of the resitlentiaonment(Heins,

2004) Quietness and safety are considered very important social characteristics of the

residential environment, as can be seerAppendix A; Frequently stated preference8oth
were considered as rejeanhducing attributesby almost all respondentsand even 90%
consideedthem essentia(Heins, 2004)

Table3. Attributes other studies

Article Participants Purpose Key Attribues Methods
Alternate methods of conjoint 35 Text only Whether the two -Price -Text only
analysis for estimating 29 multimedia different -Number of bedrooms | -Multimedia

housing preference functions:
Effects of presentation style

(Orzechowski, Arentze, Borgers,
& Timmermans, 2005)

presentation styles
result in different
housing preference

-Dormer window
-House (incl.
extensions)

-Discrete choice mode|

Comparing texonly 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

-Jace between
buildings

-Depth front yard
-Travel time work (car)
-Travel time work (PT)
-Travel time to shops

-Text only
-Multimedia
Respondent can
navigate through
environment

-Discrete choice mode|

-Home value
The effects of preexperimental 64 participants Examine the -Price -Text only
trainingon the effects of -Number of bedrooms | -Multimedia

validity and reliability of conjoint
analysis: the case
of housing preference

(Maciej, Arentze, Borgers, &
Timmermans, 2012)

pre-experimental
training on the
internal, exterral
and predictive
validity of the
estimated
conjoint choice
model.

-Dormer window
-House (incl.
extensions)

-Discrete choice mode|

The impact of including images i
a conjoint

measurement task: evidence
from two smaklscale 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 mode|

Beyond demographics: human
value orientation

as a predictor of heterogeneity ir
student housing preferences

(Nijenstein, Haans, Kemperman|,
& Borgers, 2015)

667 participants

choice
heterogeneity in
dGdzRSyiGad
preferences in the
Netherlands

-Price

-Dwelling size
-Cycling time
-Bathroom

-Kitchen

-Walking time to park
-Walking time to
supermarket
-Outdoor space

-Text only

-Discrée choice
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Article Participants Purpose Key Attribues Methods
Hierarchical Information 76 participants introduce, discuss | -Distance to parking -Text only
Integration Applied and apply a -Amount of traffic
to Residential Choice Behavior recently -View -Discrete choice
proposed research| -Privacy
(Louviere & Timmermans, 1990) approach for -Greenery
studying complex | -Playgrounds
dedsion making
called
hierarchical
information
integration
Rural living in city and 112 participants Most frequently SeeAppendix A -Indicate most
countryside: Demand and supply stated preferences| Frequently stated important attribute
in preferences
the Netherlands
(Heins, 2004)
Association of neighbourhood 1616 participants | Association of -Walkability -Interview
residence and prefences with neighbourhood -Urban style

the built environment, work
related travel behaviours, and
health implications

for employed adults: Findings
from the URBAN study

(Badland, et al., 2012)

residence and
preferences with
the built
environment,
work-related travel
behaviours, and
health implications
for employed
adults

Compact development and
preference heterogeneity in
residential location choice
behaviour: A latentlass analysis

1053 respondents

comparing
preferences with
actual residential
locations and
travel patterns

-Distance to work
-Distance to PT
-Street design
-Dweling price
-Distance to shops etc.

-Discrete choice mode|

-Internet survey

(Liao, Farber, & Ewing, 2015) in the two -Housing types
distinctive -Parking availability
subregions
Desire for Smart Growth: A 1227 households | How do -Proximity to work -Discrete choice

Survey of Residential Preference
in the Salt Lake Region of Utah

(Tian, Ewing, & Greene, 2015)

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
destination

-Housirg composition
-Parking availability
-Home prices
-Bicycle/pedestrian
streets

-Proximity to transit

-Online survey

-Text only

Predicting consumer response tq
new housing : a stated choice
experiment

(Molin, Oppewal, &
Timmermans, 1996)

95 respondents

summarize some o
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
-Bedroans
-Shopping center

-Discrete choice
Survey

-Text only
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Article Participants Purpose Key Attribues Methods

Street characteristics preferred | 1030 participants | investigate -Sidewalk -Combination text and
for transportation walking among the perceived -Separaion from traffic | pictures
older adults: influence of a large| -Obstacle on sidewalk
a choicebased conjoint analysis set of micrescale | -Traffic volume -Conjoint based choicg
with manipulated photographs environmental -Speed limit model

factors on a -Traffic calming device
(Van Cauwenberg, et al., 2016) A0 NBSGQa | -Overall upkeep

transportation -Vegetation

walking using -Benches

manipulated

photographs of a
street among a
large sample of

older adults
Visual preferences in urban 29 Japan Perform a cross -Nature -Video and pictures
street scenes 17 US cultural -Vehicles

comparison -Cleanliness -7 point bipoér rating
(Nasar, 1984) between Japan ang -Orderly/chaotic scales

the US on visual -Closed/open

preferences in -Simple/diverse

urban street

scenes
Urban sprawl: neighbourhood 1878 respondents | Comparison -Traffic safety -Internet survey
dissatisfaction and urban 0SiGsSSy L -Presence of bike lanes
preferences. Some evidence frol preferences and -Presence of green -Very dissatisfied/ery
Flanders their current -Social safety satisfied scale

satisfacton -Proximity of diverse
(Vos, Acker, & Witlox, 2016) regarding the activities

neighbourhood

The multiple waysthatgda 06S dzaSR (G2 Ay @SadA3aradAay3a LIS2LI S
discussed in this section.

One way to gain more insight in the residential preferences of social groups and on how to
improve these is by means pérformingsurveys. There are two modelling approaches that
can be distinguished in peof@preference, these are revealed choigeCland stated choice
(SC)Revealed models are based on observational data of households' actual (housing) choices
in realmarkets, while stated preferences and choice models are based on people's reactions
to hypothetical(housing) choicegTimmermans, Molin, & Noortwijk, 1994, p. 215)

On first sight the revealed modelling approach sedh®s 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 wouikke to live. Therefore, in this study the stated preference
(SPapproach will be applied.
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The SP surveyencompass a large number of research tg@ligure2) that are deggned to

KStf L) dzy RSNRGF YR LIS2LX SQa LINBFSNByOS&az IyR (K
disciplines are: marketing; transportatigrenvironmental and healtheconomicsas well as
land-scaperesearchand urban planningPatterson, Darbani, Rezaei, & Zacharias, 2017)

the field of residential preferences a SP survey is commonly used, as shdahl@3. For
instanceVan Cauwenberg et al. (2016) use for their research into street chaistatera SP

survey, to find the underlying preferencdsgure2 shows two valuation methods thaielong

to SPstudies.Public assets, including environmental assets can only be priced using the
contingent valuatio (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 neighborh@bbre, 1996)In this study

it is not important how much people are willing to pay, buk S 32t A& (2 FAYF
preferences, without the influence of mondyifferentattributes and their leve®importance

can be retrieved using the mutlittribute valuaion (MAV), which can take multiple forn@@n
oneside2 ¥ (KSasS FT2N¥a (KS NBalLRyRSyid Aa IaiSR
the other side, attributes needto be numerically scored, between these twmore

alternatives are possibl@Vestenberg & Koele, 1994)

There are two different types d¥IAV SP surveyspreference basedonjoint analysisand
choice modellingCM) When looking at marketing research, conjoint analysis is the most used
marketing research mébd for analyzing consumer tradefs (Green, Krieger, & Wind, 2001)
Thissurveytype is based on economic research where housing research has a lot of common
ground. By making a set of different attributes that corsadtmultiple levelsthe underlying
preferencesand magnitudescan be derived. This gives the possibility to make the ideal
house/area for a certain groupf people

The last yearM has taken over the preference research in urban planning and housing
researchdue to the fact that it lets people choose between optidsst of attributes) which
encompasses a better reafi(Jansen, Coolen, & Goetgeluk, 201¥hile conjoint analysis lets
the respondent rate each set of attributasdividually.
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TraditionallySPstudies are performed in text surveyn,recent years akorts 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.

Traditionally, the profiles that are used in a SR/eyrconsist of descriptions of attributes (e.g.,
dwelling type) and attribute levels (e.g., detached house) in the format of written text (also
called verbal descriptionsjJansen, Boumeester, Coolen, Goetgeluk, & Mollin, 2009)
Residential attributes arenore vsibly orientedthan mosteconomic research, for instanae
laptop marketing research, lwere specs are valued, but cannot be expressed in tangible
pictures. This led to the incorporation of pictures in housing preferaesearch(Jansen,
Boumeester, Coolen, Goetgeluk, & Mollin, 200R)e reasons for using imagascording to
Jansen et al. (2009ye:
1 some attributes, such as architectural style, may be difficult to describe in a few words.
Thus, one may opt to visualize such attributes
1 by visualizing attributes, respondents may better understandtaedefore appreciate
the various options, thus may make better choices;
1 images may enhance the realism of the tasks may increase the exteahvalidity of
the results
1 visualization may lead to a higher homogeneity of perceptions as it is less open to
individual interpretationcompared towritten desgiptions;
1 the task may be more interesting and less fatiguing
1 nowadaysespondents may be aastomed to the use of images due tiechnological
advances over the yearand may feel a lack of images as an omission in the
measurement taskJansen, Boumeester, Coolen, Goetgeluk, & Mollin, 2009)

Drawbacks for using imagare:
1 when text surveys are used, there is marentrol over the experiment than when
images are included in the experiment.
1 visualization may lead to information being provided differently than the researcher
actuallyintended(Jansen, Boumeester, Coolen, Goetgeluk, & Mollin, 2009)

According to the review performed by Jansen et al. (2009) the results of studies are not
consistent betweermpictures and texonly (Jansen, Boumeester, Coolen, Goetgeluk, & Mollin,
2009) Based on their own results they anaefavorablydisposed towards using images in a
conjoint measurement task about general housing prefererfdaasen, Boumeester, Coolen,
Goetgeluk, & Mollin, 2009With new upcoming technologies such¥BLJS 2 L SQ&a LINBFS
can be measuredin a more lifelike environment However as justdiscussedthere are
proponentsand opponents for using VR. Unidw a few studies have been performed with

the use of VR in the houginscene(Orzechowski et al. 2005, 2012; Patterson et al. 2017,
(Dijkstra & Timmermans, Conjoint Analysis and Virtual ReaatyrReview, 19983nd also in
other markets (e.g. product preference)R has already been used (Berneburg, 2007)
(Dijkstra, Leeuwen, & Timmermans, 2008ateman, Day, P.Jones, & Jude, 2089eview
performedby Ernst and Sattler (200i)vestigatedthe use of tet vs multimedia irstudies
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across different fieldsTheir overview determinethat the outcomes of the studies differ and
are not consistenfErnst & Sattler, 2001)

VRgives the possibilityto furt@ NJ SEI YAy S  Ld&esBuliwBethér VR GNE B 1St
representation of reality compared to texilyis still up to debate, due to the lack of research

and the low numbers of respondents in the literature. The main findings are differéwelea
studiesperformedby Patteson et & (2017) and previous studies by Jansen et al. (2009) and
Orzechowski et al. (2005), where attributes tended to have greater importance when
LINSASYGSR QAradztted Ly tIGGSNE2YQa aiddzRes JA
textvarid f Sad® WLG Aa y20 1y26y | LINA2NR 6KSGIKSNJI
different estimated housing preferences and attribute utilities, (b) equal utilities but with a
different error variance, or (c) equal utilities and the same erroiviary @&e&2howski,

Arentze, Borgers, & Timmermans, 2005)

Just as theros and cons fousingimages, the same drawbacks and positive poautsidbe
translated to VRand other multimedia leveldVost research using multimeal 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 doneigipg not only a 3D representation,

but also a 2D representatidArobably the use of multimedia in housing preference research

is more challenging as compared to neighborhood preference resebinéhis due to the fact

that housing preferences mostly caih 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 respondentin a VR studyNeighborhoodpreferences are better suited, because there is
lesschancé 2 Ay Of dzZRS WKA RRS¢Xy ¥ il dzSlgk © 8z319%2 LIy RQ @ KSR
at literature it can be clearly seen that the inclusion of pictures and VR mostly is applied on
residential preferencesAn example is shown iRigure3, this is an example of the VR study
performed by Patterson et a{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 visualsan enhance the evaluability of choice tagRateman, Day, P.Jones, &
Jude, 2009)
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Figure3. Residential VR applicatigRatterson, Darbani, Rezaei, & Zacharias, 2017)

Two built environment studiesvere executed by Orzechowski et al. (2005, 200#h VR
howeverboth report alow number of responders. The study performed by Orzechowski et
al. (2005)was performed on 29 subject§Orzechowski, Arentze, Borgers, & Timmermans,
2005) In another study performed by Orzechowski e{2012)36 respondentsvere included

in the VR experimenfOrzechowsky, Arentze, Borgers, & Timmermans, 2018 only study
with a high(ernumber of respondents is the study performyg Patterson et al. and included
184 respondentsithe VR experimenfs can be seen rable3. One of the goals of this study
Aad G2 S@lFtdz S | Wy SmeighortiNd suSeydi Tha hanygoakthisY S G K 2 R
studyis to find outaccurateresidential preferences through the application of VR instead of
text. According to Patterson et al. (201 Hese more precise residential preferences will be
acquired, because responderndse not left to their own interpretation, but a VR model is
shown. Advancements in how to presdievelop)the VR world will be incorpated in this
study (Patterson, Darbani, Rezaei, & Zacharias, 2017)

Most studiesthat compare any level of multimedia with texinly, 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 sodemographics 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 b@rzechowskiet al. 012), n this study the
researchers conclude thgre experimental training influences the results. Thus, having just
one respondent group for both methods is undesirable for this study.
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In thissectionthe different types of multimedia and their applidéty on this studywill be
discussed

Beforea drawing packagean be choseto construct the virtual worldthe type of multimedia
needs to be determinedFour types of multimedia are consideréat this study these are
based on usage in literature

1. Rctures(Jansen, Boumeester, Coolen, Goetgeluk, & Mollin, 2009)
2. PanoramgVan Holle, et al., 2014)

3. Video(Krysan, Couper, Farley, & Forman, 2009)

4. InteractiveVRworld (Patterson, Darbani, Rezaei, & Zacharias, 2017)

The lowest level of multimedia is the use of pictures. Because the study focusses on multiple
attributes throughout the neighborhashy multiple pictures would baecessaryo 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 viewpt. Just like the use of pictures multiple panoramas
would be necessary in order to show the neighborhood in a good mannediaptayall the
attributes, of which some will have different locatisn

The third type of multimediathe use of a video tshow 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
respondentwill see all the attributesHowever just as the pictures it is not interactive for the
respondent.

The highest type of multimedia ithe use ofan interactive VR world. This allows the
NBalLRyRSYy:d G2 Wglf1Q I NRPdzyR GKNRdzZAK GKS @ANI
set. The use of interactiv&/Rshould 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.

An oveview of the four multimedia typethat are consideredind their applicabilityon this

study are shown inTable4, the explanation of the scorinig discussed after the tabl&@he

study is restricted by the resea8hiNDa RSaA3ayAy3a OF LI oAfAGASEAX
respondents. Based on these restrictions the applicability of each multimedia type on this
study will be evaluatedn addition the goal was to use the highest level of multimedia, due

to the fact that VRs 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 observationsThe durationscore is base@ y G KS NBa S NOKeSNRa C
scoringdepends onthe 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. BecauseSp2 LJt S

FNE 3ISGaGAy3

WGANBRQ 27F

0 NI R

interactivity could lead to better results. The scoring is based upon the interactivity scale from

the article defining virtual reality: dimensions determining teleprese(@teuer, 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 scoringoint 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).

Table4. 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 tbugh 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 understamdatkthrough.
There is no reearch done into the time a respondent needs to answer/rate one set for each

2F GUKS YdZf GAYSRAL
++ score is given to both the use of either pictures or videos, because both ardoeasy

GeLlSaod ¢KSNBTF2NB

0K®& NBasSt

understand and people do not have to be instructed (much). This allows the amount of sets

to be highethanthe other twothat score lower and results imgher reliability with the same
number of respondents. Panorama scores a +, because people adslinstructed a little

on how it works. Also the respondent needs to go through multiple panoramas to see a whole
set of attributes. Theref@ the amount of sets will be lowerompared tothe other twothat

were earlier mentionedInteractive VR scoresi¢ 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,hey 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 afterwads restrictions need to be built in and a way must be found to navigate
people through. Panorama and valecore both +, because for both a virtual world needs to

be created and afterwards rendering and testing is needed, before the responciamtd in

the questionnaire. The use of pictures scores leasttime needed), because onby partial
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world needs to bedesigned The respondents will only see a few shots throughout the
environment when pictures are used\so using pictures in the online quesinaire is easier
and quickeimplemented due to the fact that less testing is needed.

Level of interaction

Studies show that when the interaction is higher, respondents are raonmemitted, which

leads to better results in reliality (Patterson, Darbani, Rezaei, & Zacharias, 2(Ricjures

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 interadthe panorama

levellets people look around from @ncentral viewoint, which leads to a + as score. The

highest level of interadon is the interactive VR world inwhichKk S NB & L2 YRSy G Aa 7
around througlout the environment.

Control of researcher

Also a pointhat 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 inheset.
Because the control of the researcher is Idhe interactive VR scos¢he lowest(Patterson,
Darbani, Rezaei, & Zacharias, 2017)a panorama the researcher can choose the location(s),
which allows the researcher toave more control. However the controlngore limited than

with a video or picturedn a panorama for example people can choose to only pan to the left
and therefore miss one of the attributel a video and with the use of pictures, the researcher
hascontrol of whatis shownand in what way

Proximity to VR

One of he goas$ of this study is to find peopf® underlying preferences for neighborhood
attributes, throughthe application ofVR The higher the level of VRe bigger the dference

is with the textonly questionnaire. Pictures score the lowes},(due to the fact that there is
not muchVRIin a picture. The video and panorama contain virtual reality, however it is still
less than an interactive VR world where peopkn participatein themsdves. Therefoe
panorama and video are scored-ahd the interactive VR type hasraximumscore of ++.

A

Ly GKA& OKIFLIWGSNI 6GKS AYLERNIIFIYOS 2F R2MWwg3I NBaS
RA&aOdzaaSRod . & avefaldmeighbariogt Brefedsheel tiie §u@ldy of life of these
people will increase to. For municipalitie®@nd other instancethis study willprovideinsight

in how to attract differentsocialgroups into specific neighborhoodghe 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 literatutkere is no consensus amhether multimedia

can be used instead of text. Some studies indicate that there are no differences and that a
multimedia study increases reliabilityand s a Sy Ga G KS Yoldedsfind tiga2 NI R Q
both study typedead to different results, wher¢hrough multimediapresented 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 timeilltimediapart of this study(Table4). From the
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literature review(Table3) interesting usefulattributes such as street design, presence of a
playground, safety, presence of green and parking were used in neighborhood s#udeass.
of attributes is chosen based upon theetature study in this chaptethe chosen attributes
are discussed i8.2 Attributes surveyThesechosenattributes and their corresponding levels
will be shown throgh a video to the respondents.
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3. Methodology

In this third chapter the methodologhat was used to executihis research is explained. This

ranges from the virtual world itself, to the statistics whaeredza SR ¥ 2 NJ RS NR QA Yy =
preferences.

In the book conjoint measuremen(iGustafsson, Herrman, & Huber, 2003, 20@7jlow
diagram of steps is presented for executing a conjoint analysis. This flow diagisusedas
starting point for this researchyut wasslightlychangedo fit the current researchKigure4).
The second and third step have been exchanged, because in this research thexwseuaf
world waspreviously determineqresearch questions) and based on tiis collection design
was chosenAnadditionalstep of choosing a drawing packagasadded into the flow chart.
The remaining stepsvere not changed in comparison with the original flow chart by
Gustafsson, Herrmann and Huber (2003, 2007). All stegmoassnFigured will be discussed
in this chapter, except for how the stimuliere presented, thiswas already discussed in
section2.4 Multimedia

Selection of data collection method

Selection of the way the stimuli are presented

Visual

Selection of data collection design

Fractional factorial design

Drawing package

Blender

Selection of data collection procedure

Online survey

Selection of the method for evaluation of the stimuli

Rating based

Estimation of benefit values

Ordinal regression

Figured. Partialflow diagram adapted from A. Gustaffson, A. Herrmann and F. Huber. Conjoint Measurement, Fourth Edition,
Chapter 1, page 5, Springer, 2003, 208dstafsson, Herrman, & Huber, 2003, 2007)
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The attributes andheir levels that are used in this studyere based onrable3 and are
presented inTable5. Six attributesvere chosen, because more than six attributes in a SP
survey are too confusing aratetoo muchto process for the responden{€aussade, Ortuzar,
Rizzi, & Hensher, 2005)

Tableb. 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 1. No
measures 2. Yes, speedbumps
4. Playground in 1. No
neighborhood 2.Yes
5. Pondin the 1. No
neighborhood 2.Yes
6. Type of green 1. No green
2. Low (grass)
3. Medium (bghes)
4. High (trees)

1. Street design

The street outlinevasexpected to bean important attribute for people, because this highly
influences theappearanceof the street andadditionally couldgive a feeling of securitythe
attribute street design wausedmultiple timesin previous studiesas can be seen ifable3.
The attribute waglivided 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 @BS, 2017However, not
everyone can park their car on their own property, which means that people have tarpark
public areasThis attribute wadess used in literaire as parking type, but more terms of
parking availabilityn the neighborhoodTable3). Since house characteristiogre not taken
into account in this studytwo levelswere chosen:

1) On street parking;

2) Designated parkg 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 carddeins (2004) showed in their research that safety is even an reject
inducing attritute. In this case two levelsere 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 studyn Table3 used the presence of a playground as an attribute
(Louviere & Timmermans, 1990)his isanother reason whyhis attribute was added, the
attribute has two levels:

1) No playground;

2) Plaground 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 feelisgifety for
children, kecause of safety risksAccording to Heins (2004), ater is a much valued
characteristic of the residential environmenlustas the attribute playground, the pond
consistsof two levels:

1) No pond;

2) Pond in the neighborhood.

6. Green type

In a lot ofdifferent studies greemvastaken into accoun{Heins, 2004)as mentioned ifTable
3. For this study different types of green heigtitsre chosen and not the density or proximity
of them. Four levelgvere chosen for this study:

1) No green;

2) Low green, namely grass;

3) Middle green, namely bushes;

4) High green, namely trees.

As previously mentioned isub-section2.2 Stated preference survethere are two typeof
SP survey types. In this study a conjoint analyaisused due to the fact that discrete choice
is a too high burden for respondents filling in the video experiment. Thauised byhe fact
that people first have to go through thierst video envirament and after this thragh the
next before they choosbetween them Also, tese follow-up environmentsvould probably

be a high burden for the respondents alead to people forgetting parts, which results in less
trustworthy results bigger variance)The research waperformed as quantitative study, to
contribute with larger number of respondents to the video research in residential preferences.
The respondentsvere asled to participate in either the video or the texinly experiment in
an online survg. In order to compare the results Mvas important that both sets of
respondentsvere alikein terms of sociedemographics and to have a low bias.
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The total amount of possibilities with the attributes and levels as shovilrabie5 is 2x4'=

128, which is a sealled full factorial designA full factorial design includes all possible
combinations of the attribute levels.In most studiesa fractional factorial design is used
instead ofa full factorial design. This design, involves selecting a fraction of the profiles
constructed in a full factorial desigRao, 2014)For this experiment ivasimportant to find

an efficient factorial design, becauigere were 128 differentpossibilities économic use of
resources(Gunst & Mason, 2009, p. 235With the use ofthe program Statistical Analysis
System $A$the fractional factorial desigmvascreatedand 166 Jalternatives instead of

the originally 128were generated (Appendix B¢ Rating sets All levels of the attributes
mentioned in3.2 Attributes surveyconsist ofan even number (two and fouin this casg to
make sure that a fractional factoriglould representhe full factorialbetter (Rao, 2014)Up

till 20 sets can be used withodegradation in data qualitywithin the range0-20there is no
evidence of increasing random err@ohnson & Orme, 1996)hetask complexityvideo)and
respondent burden(duration of the surveymay lead to less valid respons¢dato &
Timmermans, 2008)Therefore less than 16 sets per respondent would be advisable.
However Y40Qubling the number of tasks per respondent is abouk#sctive in increasing
LINEOA&A2Y A R2dzf Ay 3 (JohkKsSn & Qizie) DOERiIRE fotNS a L2 Y R
study two separate samplesere needed, a low(erhumber ofrespondens was expected.
Thereforethe choice was made to l&tach respondent rate all 16 sets, with the remark that
up till 20 sets can be used without degradation in dataliqya

Thissectiondiscusses th drawing package thatasused,as well as how the 3D modeias
designed and why.

For the visualization of the neighborho@ddrawing program of the Blender Foundation
which is a Dich publicbenefit corporation was usedBlender is a free and open source 3D
creation suitethat is based upon a python scrjpthich can be modified to suit the wishes of
the designer(Blender Foundation, 2017Blender ver®n 2.78cwasused. Blender has three
types of drawing/render settings, which aBénder Render, Cycles Render and Blender game.
Blender gare was not used, because the purposé this study wasiot to create a game
Furthermore this type is not used as ten as the other twosettings Blender Renderalso
called Blender Internalis the default setting. Blender Render wachosen to draw the
neighborhood environment, because of twaain reasons. The first is that Cycles Render is
more complicated to work wh, 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 prefereridee secondeason is the render
time, a model created in Cycles Render renders thg traces in the end video differently
which results easily in a more than doubled render time.
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Before the virtual world was created in Blendarsketch was made of how the worldauld

look. To make the designimgocesseasier thechoice was made to userepetitive patternin

the virtual world Asa drawing guideline the ASMVasused(CROW, 2012)n this guideline
minimum rules concerning road desigire 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 metassised

due to practical reasonsThe parking places alongside or on the road need to be at least 2
meters by 6 meterin order tobe able topark a carthese dimensionsvere 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 casethere needs to be greefirees, bushes or grassih the sidewalka sidewalk

of 1.5 meterwasused. The parking places alongside thedrcauld notbe continuous and
neededto be interrupted once in a while.

For the repetitive pattern a total length of 26 metesmschosen(Figureb). This is eqgal to 4
parking places with a length of 6 meters eaglus on each end 1 meter space whearking

is not possibleThe road and sidewalkere drawn like earlier mentioned®.5 meter wdth for

half of the road(5/2) and 15 meters foreachsidewalk.Thehousing next to the road haithe
same length as the parking places, 24 meters in total. The other 2 mveterfilled 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 represeert the housng partwas 8 meter high and has a depth of 8 meters
This allowed the block to have the dimensions of as well single houses as apartnfdats.
each 26 meters a lamppostas positionedin the middle of the repetitive roadside of the
sidewalk.

Figureb. 26 meter block
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The desigr{block)wasduplicated and mirrored t@reatea road. To make theeighborhood
more realisti¢ a straightroad with no endwasnot an option, this is why a-3plitting was
drawn and theepetitive road design continued inoth waysof the Tsplitting. Alsqthis street
neededto end somewhere, which is whhe total designwas duplicated and pasted after
making the right cornefFigure6). For the pond as well as the playgnal one block of housing
wasremoved and replaced with an empty space. The empty spasshown as a concrete
open spaceThe reason for this wabat the amount of housings well as the depth people
can see needed to be kept the sar(featterson, Darbani, Rezaei, & Zacharias, 2017¢
amount of cars, benches etwasequal ineach modelln addition,the colors ofall objectsin
the worlds, from tiles to cars to the blue sland the state of the suwasconstant between
allmodels

(84) Plane.110

Figure6. Top perspective neighborhood design

For the look of the modekeamless texture
from the internet were used to texturefor
instance the road and the sidewalk (
Figure 7). Some parts of the modelere
downloaded from the internet: the cars
lampposts, benches, bushes, trees and t
playground. es used for thigpurpose were
cgtrader (CG Trader, 2017) Turbosquid
(Turbosquid, 2017)nd Free 3d(Free 3d,
2017)

Figure7. Seamless concrete and sidewalk pavement
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Four base modelseave designed, in thesmodels the other attributewere added in different
layers, which allowed to turn them on or off for each video. The four base modsis
chosen, becausthese layercould notbe turnedon or offand cause attributes or objects to
move.The four base models contadthe on streetand df street parking as well as the road
design (with or without separate cycle lan@he difference between the model with and
without bicycle lands the biggest, due to the fact that by incorporati :
the cycle lane also the houses, lampetd other objectsneeded to be
moved with the length of the cycle lane. Theredar different desigrwas
necessanyfor both, as shown irFigure9 and Figure10. The color of the
bicycle lanavasred, whichiscommonlyused in the Netherlandd¢o make §
the design more lifelikeTo makeclearthat the red lanea bicycle lane, thef
sign of a bicycle lan€igure8) was placed in a repetitive maenupon the }!
lane.

Figure8. Bicycle lane

Figure9. On street parking without bicycle lane

Figurel0. On street parking with bicycle lane

Figurell. Designated parking spots
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The diffeence in the attribute parking type was much smaller than the difference in the
attribute street designThs wasdue to the fact thatdeliberatelyno carswere parked in the
spot where no spot would be in the off street parking model. Only minor chatigeshe
lines and the addition of breaks between the parking plagese the changeas can be seen

in Figure9 andFigurell.

Pond

A plane was used as starting poiot firawing the pond, whiclkwasmodified with an ocean
modifier. By changing the amplitude of the waves (lower) and setting the total play time lower,
I @SNE af 246 wastrRatet] &hich réfe€esits tifie(pond in this cageégurel?).

Figurel2. Pond

Playground

For the playground a plane with a sand textuvasused as ground, due to the fact that a
concrete underground would not be desirable for the safety of the playing chilfigure

13). The playgsund equipmentwasrandomly placed upon the sand, bim such a way that

all equipmentcould be seen in the video. The fence at the front of the playgrousshdded

in a later stadium. After sowing the videos to different peofgdanel) somesuggestedhat

the playground did not look safe in the environment, because there was no border between
the road and the playground. By addingstfence the safety issu@astaken into account.
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Figurel3. Playground

Speed slowing measuse

As speed slowing measuresnall and thirspeedbumps weresed Figureld) instead of the
longer ones consisting of vowels. Thvas done because thetechnical design wasmore
difficult, consisting of making the edges more roeadand giving the speedbumps a lifelike
texture.

Figurel4. Speedbumps
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Green

The last attribute in this studwyas the green type, which consisteflfour levelsIn the first

levelno greenwas presentn the neighborhoodwhich can be seen ifrigurel4. The three

remaining levels of green typeeredesigned in the samewaydzi A GK (GKS | RRAGA
of green(Figurel5, Figurel6andFigurel70 @ ¢ KS RA &Gl yOS 060SiG6SSy Sl (
meters (one each block) and the amount is therefore the same for all as well as the location(s).

Figurel5. Low green type (grass)

Figurel6. Middle green type (bushes)
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Figurel?. High green type (trees)

To makethe video environmenas reailstic as possiblethe camera needd to move through

the environment just like agrson would in a car, accordingly the height of the camera and
the position on the streetvaschosen. The settings of the camesere: 720p, 840 frames
length with a frame rate of 24 fps (frames per second). Also the standard setting for the depth
the camea could see waghanged. Thisvasdone because the initial settingould show3
blocks of housing anthereafter blue skywas shown So moving forwardparts of the
environment after the (blue) blockstarted loadingThe human eye can see further andeso
need toload images that are further away from us. This is Wigyclippingsettingswere set
higher to see to the end of the streets like a human would.

By making a videohe researcher is in control of what and how everythisighown With this

also some questions/problemdid arise. One of theseraswhat 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 thereferputting more focus on it, but this will aldze done

GKSYy GKS f I &S NJispraserdifitits sdoty Aspalieimal daveryal Oe looking
F2NBIFNR FYyR y20 €221 F2N) 4S02yRa (2 | &AARS:
due to peripheral visiomf the human eye. Thereferthe choice was made to look straight

ahead (from viewpoint of viewerputto slowdownthe frame rate(more frames for the same
distance) at the pond and the playground. This aldyeople to see the attributes, but not

put too much focus on these attrilies.

The videosvere 840 framedong,with a frame rate of 24 fpssaearlier mentioned, which led
to movies of 35 seconds eachnitially, the render time was approximately 28 hours per movie
of 35 seconds, whiclwas optimized by linking objects and uag low poly cars to
approximately 45 hours per movie of 35 secondihis results in #otal render timeof 64 to

80 hoursfor the sixteen moviesThe length of rendering was slowed down by ray trace
building, because this could only be done on 1 cordeats 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 rderingthe frame itself took approximately one tao seconds.

TKS W. SNB Syl dzS i S Q wasésadioS$affor M sarveysKiHisis & veb 9
based survey platform, where images and videos can be integrét€dS W. SNH Sy lj dzSid S
allowed to have one main questionnaire (descriptive questions), with two separate sub
qguestionnaires (one containing video and one consisting of-aekf). The descriptive
guestions(e.g. sociedemographie, economie, dwelling and neighborhood charactestics)

in the surveywere based on the Dutch Woononderzoek, which is performed every four years
by the Dutch governmentamonginhabitants to derive residential informatioand market
information (Rijksoverheid, 2012)Vhen desciptive questions in the current studwere
based on other levels or survetygmn the Woononderzoek, this is mentionedh@r research
papers havealsobeenused to come up with themportant sociedemographic questions
within neighborhood preference resezh (Patterson et al. 2017; Nijenstein et al. 2015;
Vasanen 2012Badland et al. 2012; Tian et al. 20159r the online survegesignchapter 9
(question and questionnaire design) from the handbook of survey reseaasfollowed
(Krosnick & Presser, 20100 this chaptetbest practices are showms to start with simple
guestions and to use simple worttsoughout the questionnaire

The first page respondensaw wasan introduction for the survey, on this page an explaomat

of the goal and the duration of the surveyas provided.An overview of all the questions
within the survey is shown iAppendix & Online surveyAfter the first page the respondent
wasasked to fill in some demographics - or herself (e.g. gender, age, education level
and ethnicity). The education levelgere based on the Dutch bureau of statistigSBS)The
guestions on the third page cowt the health status of the respondent (e.g. hisabtatus
and longterm iliness). Thefourth page of the survey coveredquestions regarding the
household (e.g. household composition, household income and car ownership). The
household income levelaere based on the Dutch tax syste(Belastingdienst, 2017}he
option not to fill in the income wa added to prevent respondents quitting the survey in an
early stadium. When respondents answdrthe household question with one of the
categories containing children, than two additidomaestionsvere presented. The first is how
many children the household exists of. The secaadin which age category these children
are. Thiswasdone to make a distinction between families with younger children and older
ones, which could allow to sekthere are differencebetween these categories

After these soci@lemographic questions, an explanation page of the neighborheetd
follows. On this page the respondewls presentedan overview ofall attributes and their
levels.Additionallyit was mentioned that the experiment vgaonly about the environment
and not about the housealongside the roadBecause of this the house®re presented as
(soft blue) blocks in the video experiment. After the experiment explanatian example
guestionwaspresented to make the respondent familiar with the look and scoring. The rating
score forthis example questiomasnot included in further analyses. Tlaetualsixteen sets
(examples:Appendix D¢ Video part surveyand AppendixE ¢ Text only part survéywere
randomly shown to the respondeniyho rated each of them separately.
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After the respondentrated the sixteen setsanother page withbackground questions about
their current living situationwas pregnted to them. This wadone deliberately, because
some respondents may quit the experimentan earlier stage when they were presented
with a long list of questions at the start of the questionnaiBy starting with the most
important questions (agencome etc.) and thereafter the neighborhood sete chancewvas
higherthat when arespondent quits, he or she quitteafter the rating sets instead of during.
When a respondentid not finish the sixteen neighborhoodshey were excluded from
analysis.

At first, the respondentvas asked to answer some questions about their current housing
situation (e.g. property ownership, type of housing and building period). The respondeant

given the opportunityto chooselil KS 2 LJiA2y aW2AKSNBRRSHIZZ2BY 29
Additionally the respordent could fill in that they do notknow the building year of the
house/apartment to prevent guessingurthermoreOF 4§ SI2NA Sa 2 F (wed W2 22y
bundledtogether to make the bandwidth of eadévelbigger from 1Go 20 years.

The pags 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 thset Ipage the respondenwvas
thanked for the participation and here thegould fill in additional commentsAdditionally

they were asked to score if they enjoyed to fill in the survey on a 7 point Likert doalke
handbook of survey researcf2010) 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, 201@dditionally intended meanings (in words) ofiqts were

added @Appendix C¢ Online surve), which provided the respondent awith better
understanding of the meaning of each of the points on the scale

The sixteen rendered Blendeeighborhoodvideos nededto be incorporated in the survey,
thiswasdone by uploading all the videos onto YouTube and setting them hidden from being
found. This allows only peopte see it through a specific link for each video. YouTube allows
videos to be easily ebedded infor instance a survey andith a few clicks the embedding
code can be retrieved from thevebsite. The embed code can also be changed in order to
make it fit the needs of the usem this case frame width of 640 and a height of 3@&s
chosen which idower as the rendering quality, but allows to play the movie without loading
in between, also witla slower internet connectionThe name of each movigashidden for

the respondens.Because the videos were presented in a random orithernumberingof the
videos is not logicdll to 16) which could confuse the respondentéormally at the end of a
YouTube videpafter a few secondsautomatically another YouTube movievould start
playing.This wadlocked and therefore after watching the vidgbe respadentcouldreplay

the videoanddid notsee other videos. The YouTube embed codes for each of the \adeos
shown inAppendixG¢ YouTube embed code& summary in text of the attributes was shown
next to the video ® make surehe respondent hd a good pictureof the neighborhood he or
she was rating. This walone deliberately for two reasons, first because literature shows that
including a summariy VR allows respondents to focus on all attribufeatterson et al. 2017;
Orzechowski et al. 2005)Secondthe placing of thesummary table washosen deliberately,

so that people do not have to go to a next screen or scroll each time, wbidt increase the
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chance that people quih an early phasef the questionnaireThe codeof the rating page
for the video survey is shown Appendix F, Code video rating page

The scale thatvas be used asa rating scale for the neighborhoodgquired to be easy
understandhblefor the respondentsin addition asufficient amount okcale pointsieeded to

be shownto administer important differences. Howevexr scale with too many poinigould

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 standardor the number of points on a rating scale, also common practice varies
widely between studiegKrosnick & Presser, 201®)ten point scalewaschosen instead of an

odd numbered scale. ThisasR2y S (2 WNBY20SQ (KSSnd¥olRf S
respondentdrom selecting this option to easily. Additionallyin real life people have to make

a choice if they are willing to livlaere or not, howevethe preference may bslight. The 10

point scale therefoe encompasses bettr with the reality, giving more data points.

The datavascollected through an internet survey. Peomlere approacted through different
channels.In thisresearch social media andneail were usedto recruit respondentsThe e
mailswere spread within a few companidbhat were willing to corporate with the research.
The companies were very diverse, from building companies to administredivgpanies to
sport companiesThe respondents could fill in either one of thaline surveys(text-only or
video)

In total 565 respondents opened the two surveys, as indicateBigure 18. From these
respondents 234 opened the texbnly survey (blue branch) and 331 respondents opened the
video survey (dark yellow branch)ooking at the video survey, 225 respondents did not
complete the survey, whilenly 106 respondents completed the survey of whom one was
removed after inspection. Thigemoved)personrated all the profileswith the same grade
and also noted a (very) short survey time. As earlier mentioned the survey was designed to
have the(heighborhood)profiles in an earlier stadium and not at the endhieh could result

in more uncompleted surveys. Thedto respondentsvho still completed all the prdgs, but
quitted in one of the end questions. For the video surveywas1 personAfter inspection,
this personwasaddedto the remaining completedurveys Thigesulted ina total sample size

of 106people for the video experimenproducingl.696 observations.

Looking at the texbnly survey, 128 peopleut of 234did not complete the total surveyL06
respondents completed the survey of whom rohad to be removed after inspection. The
surveydesign was the samas in the video experimentvhich also resulted in uncompleted
surveys, whichauld be used for the experiment (completion of alld®ice sets In this case
3 respondents could be adddo the completed surveysyhichresulted in a total sample size
of 109respondentdor the textonly experimentproducingl.744 observations.

The difference in numbers between the people that open the survey aaattes that actually
participate is gtiking. This completion rationumber is quite different between botkurvey
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types. Where 45% of the people completed the teotily survey, only 32% completed the
video surveyA part of this difference can be explained due to the fact that one company
(approximately 50 mail addresses) had blocked the YouTube videos thatembedded in

the video surveySubsequentlthese people could not eoplete the surveywhich resulted

in alower completion ratioAlso the length of the video survey was on averaggéonwhich
could lead to more people quitting the survey in an earlier stad{@m2 Durationsurvey).

All respondents -
(n=565) T~

All respondents Text
(n=234)

Uncompleted surveys
(n=128)

Total sample size
(n=109)

Figurel8. Respondent overview

The survey system collecteat only the ansvers to the questions, but also the start and end
time of eachrespondent With this the average duration of the surveer personcould be
calculatedto havemore information about theduration d the survey. A few surveys register
a duration time of ove an hour,which can probably be explained ke fact that people
opened andor started the survey and were interrupted (for instance on work) and theeesfor
completed the survey latethan average These cases have been inspected and nothing
irregularhasbeen found, which is why these casgere notremoved. For determining the
average survey time thesmsesvere not taken into account, because thgtyonglyinfluence
the average. Thewerage time spent othe text-only surveywas7 minutes and 26 secosd
(cases > 1 hour excludedyhile the aerage time spent on video survexas10 minutes and
13 seconds (cases > 1 hour excludédcatterplot of the survey timesasadded aAppendx

H ¢ Duration surveyswhich showed that the distribution of durationdid not include any
outliers. The duration time of the video surveyashigher compared to the texbnly survey,
as could be expected, due to the movie time(s).
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An ordinal regression is commonly used iniglgciences, especially when the scoring scale is

ordinal, such as Likert scales and 10 point scales, wiaskhe case in this study. The Ordinal
wSINBaaAzy az2RSf Aa aSaaSydarftfe asSaa 2F oAy
with constray 1 & 2y ( K S(Ldnly, RO 2yThdse ddlButationsere performed with

the software package SPSS (version 23).

For a theoretical explanation of the ordinal regression model, the study of Long (2@%2)
followed. The orthal model was derived from a regressionwith an unobserved and
continuous variabley 4@ 1 [ @ R

The ordinal logit model (OLM) assumes tit logistic witbameanof 0 andits @ | NA B3, OS -
The continuousy can bedivided into observed, ordinal categoribgusing the threshold$

through 1, according to the research of long (201@) "Of 1 w TforQ ptoQ

where t Hbandt  Hb This means for this study with a 10 point scale that this would
become the measurement model:

[IAWQY 20 i Bid QR
2A ift o 1
o | 3A ift o
nA if T w f
9A ift o
_L10A YQ @S NE ifYfdzGK QIB

In order to analyze th&lesign cod€of each of the levels of the attributes as namedia
Attributes surveythe coding neededo be changed in SPSS. For this a dummy w@deised,
which is a binary codgymethod. This metho@aschosenbecause SPSS can recode the levels
easily into dummy codes. The number of dummy codes needed préne is the number of
levels-1. Membership in a particular levelascoded with one and nomembership in the
group on he other hand is coded with zero. One group (level) therefore receives only zeros
on all dummy codes and becomes the reference category. The dummy dodihg studyis
shown inTable6, where design codeepresentsthe original code. Based on expected results
the lowest level of each attributerascoded as reference group.
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Table6. Dummy coding

Number of Design code Dummy coding Explanationcoding
levels
2 1 0 Lowest level
2 1 Highest level
4 1 0 0 0 No low No middle No high
green green green
2 1 0 0 Yes low No middle No high
green green green
S 0 1 0 No low Yes middle No high
green green green
4 0 0 1 No low No middle Yes high
green green green

¢ KS O ipdnaionO® R STébled ekplains what the dummy coding actually meams
words. Five attributes in this study consstof two levels, the expected lowest utility level
(primarily for cars, on street parking, no speed slowing measunreplayground 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 andveoad)
coded with oneOnly one attribute consistedf four levels andequiredthree dummy codes.

The green type is a good example for the dummy codiiadle6), becausét shows thatusing

three dummy codes all four levels are known. In this case no green as greewdgpeded

as threetimes zero andvas calledhe reference category.

An online questionnairavasused, whichwasdistributed through social media and viangail
within a few companieghat were willing to cooperate. The questionnaiasmade with the

W, SNH Syl dzS i SWE EhéréwerStwo sBrfeytyipds Bamely the textonly and
the video variant. Both consistd of the same six attributes, and the same corresponding
levels. Due to the high amount of neighborhood possibilities a fractionadrfatdesignwas
used, consisting of 16 neighborhoods. These neighborhaae createdwith the drawing
package Blender, which is an open source drawing package. Due to time restriction and
processing power of the computer Blender Renders used insteadof the other drawing
types within Blender. All moviegsad the sameduration. Additionally,in every moviethe
attributes thatwere not measured(for instance lampposthadthe same locationcolor and
amount. Thisvasdone to make sure that thesavould not be measured in the survey. An
ordinal regressionvasused to analyze the data, becausighe 10 point rating scale thavas
used. In order to perform an ordinal regression the levels of each attritvete recoded as
dummy variablesThe average duratimof the video survey was higher compared to the text
only survey, whiclecouldhave resulted in a higher fallout rate.
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4. Results
In this fourth chapter the resultBom the textonly and video survey were analyzed and will
be discussedand datawasanalyzed anavill be discussed.

In order to comparehe results ofboth text based andrideo basedgroups itwasimportant

to look at the socialemographicsof the respondentsin Table7 an overview 6 the socie
demographics of the respondents of both surveys is shown adusithe study performed by
Patterson et al(2017)there wasa demographic match between both survey types with some
minor differences, suggesting that the two ssamplescouldbe compared with each other.
Because of this, the difference across representation modes-@eixt vs video) may be
primarily associated with different methods and not the difference between respondents of
the two presentational methodqPatterson, Darbani, Rezaei, & Zacharias, 20IFg
characteristicof the samplein this study hd a Dutch ethnicity and most of the respondents
lived in a house (74% and 77%) amanedone or multiple cars (92% and 86%{iditionally
most respndents livel in low urban dense parts of the Netherlands andll@ahigh levebf
education This shows that some groupeere overrepresented in comparisoio the actual
Dutch population, which typically happens with satfministrated questionnaire§&Schwanen

& Mokhtarian, 2004)

Table7. Descriptive statisticdata

Text survey Video

survey
Gender
Female 57% 51%
Male 43% 49%
Age
<30 41% 33%
3049 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
€ -@1 00®PT dhn 44% 43%
B € o00®T dn 39% 42%
Unknown 17% 15%
Ethnicity
Dutch 99% 100%
Other 1% 0%
Urban density
Middle - High (20.00+) 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 propent 58% 62%
On public/other ones 42% 38%
property

Before the analysisould be performedon the importance of each attributgreference

scores were examined and compared between the two survey typesNJ ST OK W3INJ R
correspording percentage of times that was chosencan be derived fromHgure 19. The

preference scores were close to a normal distribution, in wimdre times neighborhoods

were scored with a grade around the mediand less times a sce was giveron the outer

ends of the score barFHgure 19). However the textonly answersappeared to bemore

normaly distributedthan the video answers, because 7 and 8 are fgs$erred while 1,2, 3

and 10are clearly morgreferredin the video answerthan textbased(Fgure19). This could

indicate that people who did the video survey overall tended to give lower gramlapared

to the text-only experiment.

Preference score

20%
18%

16%
14%
12%
10%
8%
6%
4%
2 .
0 [ |
1 2 3 4 5 6 7 8 9 10

Video mText-only

=

Figure 19. Preference scores survey types
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After filtering on respondents that only give the score insufficie 6 XXp 0 FTNRBY GKS

video experimenteighteen respondents remaga in the file. This means that 18 out of 105
respondents only scotka 5 or lower on all sixteen neighborhoods. When looking at what
scoreswere givenmainly very low scoreaere gven, the lower the score, the more often it
waschosen(Figure20). The same filteringvasused on the texbnly datain which onlyone
respondent scored all 16 neighborhoods with a 5 or lower.

Frequency preference scores

120
100

80

40

20

1 2 3 - 5

Figure20. Scoring frequency video experiment

After discovering thdow scoring of eighteen people in the video experimergpeciallyin
comparison with the texbnly datg it wasinteresting to find out what group of peopleas
responsible forthese low scores When looking at the socidemographics of the 18
respondents who only scored a 5 or lowiemwas striking that itwas similar to the socie
demographics of the total sample. However the sea#mnographic agedeviated in
comparison with the total sample yBexpressing the age category of the 18 respondents who
scored on all 16 sets a 5 or lowas a percentage of the total respondent amount in that age
category a good comparisorould be madebetween the age categorie©Only 6% of the
respondents under 3@cored a 5 or loweon each neighborhoodF{gure21). 19% of the
people in the age category 3 scoredall neighborhoods witta 5 or lower, while even 25%
of the respondents in the age category 50+ scored a 5 or lower on ghlm@ihood videos.
Thus,betweenage categdesa clear differencevas observable in the relative respondent
amount that scord a 5 or lower on all 16 videos. Especially the older respondentstéiad

be more negativén scoringwithin the videoexperiment Also, he one person that scored a
5 or lower on all 16 neighborhoods in the textly experimentwvas assigned to the 50+ age
category. But comparedith the total amount of respondents in the age category 50was
just a minor percentage.
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Relative frequency low scores

30%
25%
20%
15%
10%

5%

0%
<30 30-49 50+

Figure2l. Relative frequency logcorerger age category

In this section the results for answeringhe first research question: What are the
neighborhood preferences of peoplethe second research question: Areere differences
between the preferences of theideogroup and the texbnly group® Will be answered in this
section. e third research question: Wat isthe added value ofideobased giestionnaires?
Will be discussed in the discussion and conclusidghisfstudy.

Before answering the research questions of this reseansfagimportant to firstexaminethe

model fit of both experiment types. SPSS produces alongside the regression table extra
information, these are added a&ppendixK ¢ Output ordinal regression Video experiment
and Appendix Lg Output ordinal regression Texinly experiment One way of calculating the
model fit is the McFadden?Ralso referred toas likelihood ratio or pseudo?R ThisR
measuresthe amount of unpredictability in one variable that is shared by the other. The
formula to calculatehe R wasbased upon the book best practices in quantitative methods
written by OsborngOsborne, 2008, p. 374)

¢, RET Al
¢, )l OAOAADPO

a OC I R REShowsif the model is able to reproduce (predict) tiwtualobserved choices.

The Rcan vary from 0 to AIf it is equal to 14 KS R S OA achdcy¢ calY helprédicied
perfectly (Hensher, Rose, & Greene, Applied choice analysis, ZDi83 the Rshows how
good the outcome model (utilities) can predict the actual ratings (choices) respondents made.
According to Hengdr, Rose, and Greene (2018)yalue of at least 0,1 for a discrete choice
model,represents a decent model. When the value of tReés®etween 0,2 and @, it means

that the modelhas a good fit.
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The -2 log likelihood for the video experiment is shownAppendixK ¢ Output ordinal
regression Video experimeand these numbereerefilled in the earlier mentioned formula:

g(

¢q
Pt

PT .
v
X(pTdICP

2 p

E(

The Rwasequal to 0265for the video experiment, wieh is considered good fit by Hensher,
Rose, and Greene (2015

For the textonly experiment the same formukgpplied as for the video experimenthe-2 log
likelihood for the textonly experiment is shown iAppendix Lg Output ordinal regression
Textonly experimentand these numberwerefilled in the earlier mentioned formula:

¢ clmomm .
wufmrnpm(px

ThepseudoR? is equal to 67, which isalsoconsidered a good fiiccording toHensher,
Rose, and Greene (201Remarkable wathat the R of the textonly experimentvashigher
than the one from the video experiment. Thigas mainly caused by the highe2 Log
Likelihood from the intercept, because in this number there iNB f | higRddf&rende
(847,676 VS 993,50 hile the-2 Log Likelihood finalasapproximately the saméBased on
this can be concludethat the text-only survey hd a better fit in this experiment compared
with the video experimentbecause a model with a highef R better at predicting the
observed choiceslt was expected that the video model would have a better model fit,
because people see thenvironment and are not left to their imaginative capabilitiés.
possible explanation for the better model fit of the teomly experimentouldbe the limited
amount of levels of the attributes, as well as the simplicity of the attributes (easy tonejagi

In the study performed by Patterson et al. (2017) thelikglihood ratio of the VR study was
slightly higher (0,243) than the ratio of the tesmly study (0,229). The video experiment of
this study scord slightly higher (0,265) compared to th&®\survey of Patterson et al. (2017).

In the research performed by Orzechowski et al. (30@Be textonly survey performed
slightly better compared to thenultimedia survey, whiclwasalso the casén this study.On

the other handJansen et al. (20089und that the tasks using multimedia hadbetter model

fit compared to the textonly survey. The research of Orzechowski et al. (2005) and Jansen et
al. (2009) report a Foetween 0,08 and 0,14 for their models, which is a lot lower compared
to the model fi of this study. However this can partially be explained due to the low amount
of respondents in those studie$4ble3).

In section4.2 Preference scoresighteen respondentshat scored only insufficient on all
neighborhoodsn the video experimentvere discussedTo test whether the 18 respondents
had a big influence on the results, the likelihood ratio and the average speregptiongrade
hadbeen calculated again, but then without theew scoringyespondentsThis resulted in
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a marginal change in the average grade people gave for the survey and the standard deviation
did not changeRemoving the respondents resulted in a slightly higehowever the model

fit was stilllesscompareal to the better performing textonly model. The partworth utilities

turned outhigherin the overall modelbut there was no change in order of importance (SPSS
output Appendix k Estimateordinal regression Video experimentithout low scorer$. Thus,

these 18 respondents foano seriousinfluence on theoverall model Therefore, these 18
respondents were not removed from the sample.

Patterson et al. (2017}ktates that VR appears to have bettemttentive and focused
respondens. This resulted in a better model performance of the VR model compared to the
text survey. Another reason for thisasthat people ared dzNJJ S &  Wnilfimédiawesa | Y R
different approach that triggers peoplén another research performed by Orzechowski et al.
(2005) there was no significant difference between tive types, but results suggested that

the reliability of the measuremdnwas better for theVR experiment. Another research
performed by Jansen et al. (2009) did a comparison between using images and using a text
only surveyTheywereunfavorably disposed towards using images in a conjoint measurement
task about general hoursg preferences.

To testwhether respondents wre more tiggered and interested in the videsxperiment,
respondents were asked to rate on a seven point scale if they enjoyed filling in the survey. In
Table8 canbe seen that the mean score of the teomly surveywas slighthhigher compared

to the video survey. Also the standard deviation of the textly experimentwas smaller,

which indicates that respondents slightly enjoyed the temty survey more than theideo
experiment. One reason for thiould be the duration of the surveythis waslongerin the

video experiment(3.7.2 Duration surveyand Appendx H ¢ Duration survey} which could

result in people liking the experimeldss To testwhether there wasa significant difference
between the mean scores of the two experiment types an independent samjbées was
used.The experiment typavasused as grouping variable arige perception score as test
variable. The data of the studymet the three underlying assumptions: assumption of
independence(data (scores) are independent of each other), assumption of noriftasity
(dependent) variable is normally distributed in batkperiment typesand the assumption of
homogeneity of variancgThe variances of the test (dependent) variable in the two
populations are equallNorthern Arizona UniversityThe tests for these assumptions can be
found inAppendixd<cw S & L2 Yy RSy (1 & Q  |-BEsedefd villedasgd qRegtionndre (i
The outcome of the independent sampkhkeist wasthat there was no significant difference
(p<0,05 )between theverageperception scoran the two experiment typeshe difference

was not significant AppendixJc wS & L2 Y RSY (14 Q LISabed Sndllide®aged 2y (S
questionnaire.

Table8. Score on 7 point Likert scale

Experiment N minimum ~ maximum Mean Std.
type deviation
Video 105 2 7 4,93 1,049
Textonly 106 3 7 5,05 0,970
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The parameter estimates for the videmd textonly experimens are shown inTable9. All

other output that was generatedwith SPS$an be found iMAppendixK ¢ Output ordinal

regression Video experimenand Appendix L¢ Output ordinal regression Texinly

experiment The thresholds and parameters are shownTable9 with the estimated value

through the ordinal regression analysik S @I # duficatesthan this attribute levelwas

taken as the base or ference attribute,which results in a pasvorth utility equal to 0 The
part:g 2 NI K dziAf AdGe @FtdzS AYyRAOFGSa GKS Ay¥FftdzsSy
preference.

Table9. Parameter estimates videand textonly expaiment

Video Textonly
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+ 1,107+
[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 bicyc|  0,368** 0,092
[Street_Desig=Primarily for cars] 0? 0?
[Parking_type= Designated parking places] 0,529** 0,454**
[Parking_type= On street] 0? 0?
[Speed_slowing_measures=yes, speedbumps 0,166¢ 0,623**
[Speed_slowing_measures=No] 0? 0?
[Playground_neighborhood=Yes] 0,29 1*** 0,699**
[Playground_neighborhood=No] 02 0?
[Pond_neighborhood=Yes] 0,323** 0,203+
[Pond_neighborhood=No] 0? 0?
[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] 02 02

***p < 01011 **p < 0105’ *p < O,l

In the video experimentjfe out of six attributesvere significantbased on a significance level
of 0,05 The attributespeed slowing measures tha significance of 0,05&2ndwassignificant
on a 0,10 significance levéah the textonly experiment one attributavas not significant
(p<010), in this case the attribute street design, with a significance of 0,2N3other
attributes in the textonly study were significant based on #®9 level All utilities for both
experiment typesvere positive and the utility level increaddrom low green to high green,
which confirms the earlier expectatision which the dummy coding was based.
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Besides the significance, the magnitude each |baglon the total preference scons shown
in Table9 as an utility valueTable9 showsthat speedbumpdad the lowest utility value in
the video experiment, while in the texinly experiment the speedbnpshada relative high
utility (0,623). The lowest utility value in the teahly experiment wadrom the attribute
street design, which was insignificgp0,1) How the attributes interrelate to each other will
be discussed further in thilis sub-sedion, because it is better to compare thein terms of
relative importanceinstead of the actual utility values SPSS provides.

SPSS provides the intermedidtareshold)value Table9) between each of the ten scores
(thresholdg ¢ KA OK YSIFya (GKIFG at NESFSNByOSy{ O02NB T
0SG6SSYy am y2dt NBFERBYOSYROBNE of Hé 3IAPSa (K
YR d@oé¢3 Iy R RgureXiprihe video exgémenty Theloyervievn Figure22
andFigure23 gives perspectiventhe estimates of the attributes ifable9 for the video and

text-only experimentThe threshold values shown Table9 were used to distinguish ranges

of values were the behavior predicted by the model variearimmportant way, namely the

border between each preference score.

i
1 : 2
|

| i i i | | | | i |
| | | | | | |
| 3 . 4 | s 6 {7 | 8 {9 | 10 |
' Not | | i | | | l | Very |
| | ! ! | ! ! ! | l |
| at all | ! i | i I i : ! much !
| | ! ! | ! ! ! ! | |
| | | | | | | | | | !
| | ! ! | ! ! ! I l |
| I | | | | | | | | !
| | | | | | | | | | !
| | | | | | | | ! | !
| I | | | | | | | | !
| | | | | | | | | | !
| | | 1 | 1 | 1 | | |
- 00 -0,595 0,231 0,784 1,382 2,060 2,980 4,117 5,168 6,540 oo

Figure22. Threshold of ordial regression video model

The different scales for both experiment types show that the utility estimates cannot be
compareddirectlywith each other in the way they are shownTable9.

I i i i i i i i i i i
: 1 : 2 : 3 : 4 : 5 I B : 7 : 2 : 3 : 10 :
|
| Mot | | | | | | | | Very |
| atall | | | | | I | | much_|
I | | | | | | | | I |
| | | | | | | | | | |
| | | | | | | | | | |
| | | | | | | | | | |
| | | | | | | | | | |
[ | | | | | | | | | |

- == -0,560 -0,270 0,382 1,101 1,872 2,858 3,993 5,595 5,723 ==

Figure23. Threshold of ordinal regression ternly model
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With the partworth utilities from Table9 the relative importance of each of the attributes

can be calculategMolin, Oppewal, & Timmermans, 199&) the book Getting Started with
Conjoint Analysis (2010his calculationis explained(Orme B. K., 2010)This bookwas
followed to calculate the relative importance of each of the attributes. The method is based
on the idea olooking 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 (201%.important to keep iimind
GKSY O2YLMziAy3a Iy GGNROdziSQa AYLERNIIFYyOS:
in this study. This implies that the experiments using the same attributes and levels can be
compared, but not with other studies using different attributasd/or levels.

The overview of the calculation is shownTiable10for the video experimentin the last row

of Tablel0, the maximum utility that can be achieved in the video experiment is shown, this
is calculated by adding the highest parorth utility of each attribute.By calculating the
difference between the highest and lowest value of the padrth utilities, the utility range

per attribute wasdefined. By calculating the utility range per dbite as a percentage of the
maximum total utility the relative importance per attributeasdefined, as shown ifiablelO.

The relative importance of the attributeis based upon the extremes of each attribute
Therefore this is rot related to the partworth utilities within an attribute.The relative
importance of the attributes from the video experiment are shown as a pie ch&igure24

and the relative importance of the attributes of the tealy experiment are shown ifigure

25. These are based upon the same calculation as the video experiment, only with the part
worth utilities of the textonly experiment.

Tablel0. Relative importance significaattributes

Attribute Level Partworth Utility range Attributes relative
utility attribute importance
Street design For cars/pedestrians 0,368 0,3680,000 = (0,368/3,157)*100%
and bicycles 0,368 =11,7%
Primarily for cars 0,000
Parking type Design&ed parking 0,529 0,5290,000 = (0,529/3,157)*100%
places 0,529 =16,8%
On street 0,000
Speed slowing Yes, speedbumps 0,166 0,1660,000 = (0,166/3,157)*100%
measures No 0,000 0,166 =5,3%
Presence Yes 0,291 0,291-0,000 = (0,291/3157)*100%
playground No 0,000 0,291 =9,2%
Presence pond Yes 0,323 0,3230,000 = (0,323/3,157)*100%
No 0,000 0,323 =10,2%
Green type High (trees) 1,480 1,4800,000 = (1,480/3,157)*100%
Middle (bushes) 0,830 1,480 =46,9%
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

63

0 K



Video

= Street design = Parking type = Speed slowing measures

= Presence playground = Presence pond = Green type

Figure24. Relative importance attributes video experiment

Textonly

2,5%

5,4%
= Street design = Parking type = Speed slowing measures
= Presence playground = Presence pond = Green type

Figure25. Relative importance attributes texinly experiment
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TheresultaareRA 8 Odza A SR LISNJ | G G NRA o6 dzii S | yafecompaie S ELIS!
based orFigure26. The relative importance of each attributefilgure26is based on the pait
worth values fromTable9.

Comparison relative importance attributes

|
Green type

Presence pond —

Presence playground TR —
Speed slowing measures EGEG——————————
Parking type N E—

Street design -

0,0% 10,0% 20,0% 30,0% 40,0% 50,0%
W Text-only mVideo

Figure26. Comparison relative importance attributes

Street design

The first attributein Table9 is street design, witla partworth utility value of 0368 in the
video experimentStreet designwasalso significant, with a p value of000.The street design

& LIS WLINA Y I NX arefefeddd Jan@vhskhiire€fore30S Thig Bieans that people
preferred the street design which includescars/pedestrians and biclgs usagesover the
street design thatvasprimarily for carsThe partworth utility from the textonly experiment
hada much smaller value 0,092, whialasnot significant (p8,273). When looking dtigure

24, the attribute street designhad a relative importance of 11,7% in the video experiment,
whichwasa big differencen comparison witlthe text-only (2,5%) experimenAs can be seen

in Figure26, street designwasthe third most important attributein the video experiment,
while it was the least important attribute in the texonly experiment.Liao et al. (2015)
included street design in the same way as this stdidly They found a significant difference
between the two levels in the attribute strédesign, which supports the findings of the video
experiment on this specific attributé>robably two reasons are responsible for the low and
insignificant result of the attribute street design in the texily experiment. The first reason

is that peoplecould 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 meansath
description must be given of the level, which can lead to people not carefully reading the text
or just ignoring it. These two reasopsobably causedhe low importance of street design in
the text-only experiment. In the video experiment on the otleand people immediately see
the differenceresulting in a higher significant importance
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Parking type

The attribute parking typvassignificant in both experiment typessAexpecteddesignated
parking placesada higher parworth utility value tharparking on streetor both experiment
types The pariworth utility value fordesignated parking placesas 0,529 in the video
experimentandwasafter the attribute greenthe attribute with the highest partvorth utility.

In the textonly experiment paking typehad still a high relative importance (12,1%), but in
this experiment the presence of a playground and speed slowing measiesBs more
important attributes.

Speed slowing measures

The attribute speed slowing measurbad the lowest partworth utility value in the video
experiment which means that this attributevas KS € S ad AYLERNILUIFYydG Ay L
Because of the low value (low importanctje attribute had a significance d,052, which
means that the valuewassignificant(p<0,10) It was expected that speed slowing measures
would have a bigger influence, because speed slowing measures coulithgifezling ofa
higherlevel ofsecurity.The textonly experimenthad a higher relative importance, namely
16,6%.Regardinghis attribute there wasa clear difference notable in preference between

the two experimentsit was exgcted that the speedbumps hapositive value, but the low
relative importance (8 attribute) in the video experiment was not expected. Especially
compared to he relative high importance in the texinly experiment (3 attribute). One
reason for thiscould be that people in the texbnly take safety more into consideration.
However in the vide@xperiment people are less considering and more visually oriented

the research performed by Van Cauwenberg et al. (2016) pictueesused to retrieve older

LIS2 LI SQ& LINGGsheelchata&eridtids fibir sty included the attribute traffic
calming device, whiclwasthe same as the speed slowing measu@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 thgbeople process the two experiment types
differently.

Playground neighborhood

In both experiment typeshe attribute playground within the neighborhooalas significant
(p<0,05) The pariworth utility hada partworth value of 291in the video experimen which
means that the presence of a playground gives a higher preference Jdossvasthe same
for the textonly experiment with a positive paworth value. When comparing the relative
attribute importance of the two experiment types a differene&as notable. The relative

I 00NROGdzi SQa TReXrd® Bibdrinfediasmugh highér§18,7%) compared to the
relative importance in the video experiment (9,2%)wks expected that the playground
would have a positive value, but théow relative impatance (3" attribute) in the video
experiment was not expecteé&specially compared to the relative high importance in the-text
only experiment (2 attribute). The low attribute importance of the playground in the video
experimentcould possibloe explaned by theplacementof the playground at the end of the
video.Maybe respondents were not paying attentianymoreat the end of the video.

Pond neighborhood

At the start of the experiment it was not clear whether the pedrth 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 scoreOn the one hand one could argue that the presence of a pond waaud

a positive value, because of (more) nature. On the other hhagresence o& pand iscould
be seen asinsafe, for instance for kids, which could result in a negativeywarth utility. The
utility valuewas positivein both experiment typegTable9; 0,323 and 0,203)Therefore in
generalthe presence of gondresults ina higher preference scorét. was not expected that
the pond would have a higher utility value thaéoth the speed slowing measures and the
playground as is the outcome in the video experimerithe relative importance of the
attribute presence pond in the video experiment is almost double compared to thedakt
experiment, as shown iRigure26.

Green type

The last attributen thisstudy is green type, which haalsignificantp-value of zeran both
experimenttypes The reference category wa® green, with a utility of zerdn this study

green type had the highest relative importance in both experiments and was therefore
NE3IIFINRSR da (GKS Y2ald AYLRZNIIYyG FiwasNeKestedi S Ay
GKFG 3INBSY g2ddZ R KIF@S || LRAAGASBS YR AYLERNILI
The relative percentageof the two experiment methodwere also close, namely 44,7% and
46,9%.Thus in both experiment types of this study, half of theatoimportance was
determined by green type.

In both experiment types the utility value increases with a higher level of green(ygare
27). When looking at the video experimerihe low green had a partworth utility of 0,467,
middle green of 0,830 and high green o#80. The textonly experimenthad a partworth
utility of 1,132for low green 1,569for middle green and.,671for high greenlf these values
are shown in a bar chartF{gure27) it becomes cleathat the utility value in the video
experimentincreases morever the levels of green typ®©n the other handn the textonly
there isa very steep increaseetween no green and logreen. Alspmiddle green ad high
greenwere more similadooking at the utility valuesThis implies tha& level changé&rom no
green to any type of greewasvery influential in the texbonly experiment. While thisvas
more dependent on the type of green in the video experiment.

Green type
2,000
A

1,500

1,000 A

0,500 .’ A Text-only

A Video
0,000
High (trees) Middle Low (grass) No green

(bushes)

Video M Text-only

Figure27. Comparison partvorth utilities green type
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If there was high level of green(trees) in the neighborhood this alonesulted ina 5 on
preference score (480 on scaldigure22), while if herewasno green in the neighborhood,
but all the other attributeshadthe highest partworth utility, the total neighborhood scores
a5 (1677 on scal&igure2?2) in the video experimenfThis would suggest that if themasno
green in a neighborhood and high greeasadded, thisvould haveapproximately thesame
effect(a 5 on a 10 point scalep adding bicycle lanes, parking places, a playgroupdnd
and speedbumps altogetheThus, vithout the presence ofjreen in the negghborhood the
preference score of peoplas in the most optimal situationa slight preference to not live
there (score 5 out of 1Gdr the video experimentWithout any greenthe neighborhooctould
scorea maximum o6 (2,071 on scal€igure23) in the textonly experiment Thelevelhigh
green scores a 5 out of 1@hich is the same as in the video experiment

Overall

The most optimal neighborhood in this stuthas shapedby the highest total partvorth
utility, that meansa neighborhood with separate bicycle lanes, a pond, a playground,
designatedparking places and high gre@figure28). The neighborhood that would score the
least (lowest parworth utility) consised of no playground, no pondstreet primarily made

for cars, parking on street and no gredrhiswasconsisted betweeroth experiment types.
When comparing the maximum preferenseore on the 10 point scale, thean achieve #Q

The video experiment on the l@vside and the texbnly experiment on the higher side of
the seven (based on scalEgure22 & Figure23).

Figure28. Highest preference neighborhood

The relative importance of speed slmg measures and a playgroundere more influential
in the textonly survey compared to thedeosurvey. The street desigmasnot significant in
the text-only experiment, while itvasin the video experiment. The relative importance of all
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remaining four attibutes was higher in the video experiment, especially the pond and the
street design.

The textonly experiment yielded a better model fit, than the video experiment (McFadden
R). Both have green type as the most important attribute. As can be seEabilell, the 2'9-

39 and 4" most important attribute from the video experimemere the least important
attributes in the textonly experiment. Therefore the two least important attributes in the
video experiment became™®and 39 in the textonly experiment.

Tablell. Attribute importance ranking

Video experiment Textonly-experiment
1 Green type Green type
2 Parking type Presence playground
3 Street design Speed slowing
measures
4 Presence pond Paking type
5 Presence playground Presence pond
6 Speed slowing Street design
measures
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Forthesubgroupi a OCIF RRSy Qa NMz S 2F (KdzYo omdgyno
of thirty respondentsper group(Hensher, Bus transport: Economics, policy and planning,
2007) In order to compare groupsometimes recoding was necessaryrder to achieve the
thirty respondents per groupror each sulgroup, a 3 bar chartis shown wit the relative
importance ofall sixattributes for both experiments. In this way the eglve importance
within the subgroupis presented as well as the difference between the experiment types.
No major observable differences were presentiia subgroupshousehold incomeand urban
densityin terms ofrelative attribute importanceThereforethesesub-groupswerenot further
discussed in thisub-section The threshold values of each of the ordinal regressieeise not
included, but can be found in thegppendix.

Gender

In the textonly experimentfemalerelativelyscore parking type higher than male, but in both
casest wasthe fourth attribute lookng at its importancéFigure29). Thiswasnot observed

in the video experimet, where bothwere closer together, but also male scareelatively
spoken higher than female, whiatasthe oppositeof the textonly experiment The rest of
the scoreswerein line with the overall scores of both experimentdso the pseudo Rvas
higher in the textonly experiment compared to the video experiment, which was in line with
the overall model Table12). The threshold values for the sufroup gender can be found in
Appendix M¢ SPSSudput ordinal regressiosub-groupgender.

Tablel2. Utility overview suklgroup gender

Gender
Video Textonly
Attribute Level male female male female
Street design For cars/pedestrians anc 0,389 0,347 0,107 0,085
bicycles
Primarily for cars 0 0 0 0
Parking type Designated parking 0.58F* 0480  0274* 0,582
places
On street 0 0 0 0
Speed slowing Yes, speedbumps 0,129 0,204 0,653** | 0,607**
measures 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** | 1,40***  1,690*** 1,6553**
Middle (bushes) 0,776**  0,883*  1,631** 1 590**
Low (grass) 0,450**  0,482**  1,10P**  1,153**
No green 0 0 0 0
Maximum utility 3,230 3,101 3,669 3,779
McFadden R 0,187 0,173 0,240 0,284

***p < 0101’ **p < 0’05’ *p < 011
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Figure29. Relative attribute importance sutroup gender
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