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Summary

The Netherlands is considered one of the countries \hitfher population density in the
world, this characteristic makes its real estate market one of the most interesting for
investors In recent years, developers have shifted their attention from regular housing
projects towards a very esgial type of real estate assestudent housingPupose Built
Student HousingPBSA&re projects developed around the needs, necessities and desires of
students (typically bachelors and masters). This type of constructions are the market response
to the historically high student housing demand that seVeities in the Netherlands facén
different cities there are many PBSA projects under construction or planned for the upcoming
years, however, according to data from consultancy firms, investments are being made
mostly in big student cities like Amstirm, Groningen, Utrecht, Eindhoven, €lbis situation

pose an interesting condition fanvestors, municipalities and universities in medium sized
cities because if they want to keep attracting students to their regions they will have to
provide studenthousing optionsPBSAR Aave been analyzed by several authors in many
previous research, however most of these studies focuses on the building characteristics
itself. The scope of this research is the student housing location preferandesfocuses on
0KS RSTAYAGA2Y 2F O2YLJzZ a2NE FyR RS&aANIofS f
identifying preferred student location attributes relies on thplanning for such
developments, where if an investment will be made, shareholders must assureltbat t
target market will be satisfied with the offer.

The scope of the research resulted in the following main question: what location factors are
AYLRNIFYO Ay adGdzZRSydQa LINBEFSNBYOS NBIIFNRAY3
a land suitabilityanalysis? Hence, the study objectives can be summarized in two: the
definitonoft 2 0F GA2Yy FGONAROGdzESa GKIG addzRSyadQa OF N
application of a methodology to pinpoint best locations based on rHlevant location

attributes.

¢2 dzy RSNRGFIYR GKS aGdzRSyiQa LINBFSNNBR 20l (
guestionnaire was distributed among 1453 people and was completed by 509. In this survey
12 location attributes were assessed. These 12 attributes were groupethirge categories:



accessibility, amenities and populatiohhe evaluated attributes were: distance to bus stop,

main street, airport, train station, green area, sport center, health care center, supermarket,

city center, university, average neighborhoade and average neighborhood densithe

selection of such attributes was based on litena review of previous researchm the survey,
respondents were asked to assess the importance level of such attributes, as well as, match
themthrougha pairwise 2 YLJI- NA a2y G2 200GF Ay GKS | GGNAOGdz( S
making process.

From the surveyesults, it was possible to draw certain conclusions about the assessed
attributes. Criteria regarding amenities and population have a high importance fievel
students, while population characteristics has a low influence level. Regarding the
accessibility criteria, proximity to a train station is the most important accessibility attribute,
followed by distance to a bus stopistance to a main street or airport were considered of

less importance by the sample. For the amenities attributes, proximity to a supermarket, city
center and a university were considered by respondents the most important attributes, while
distance to green area, sport centers anealth care facilities have certain importance for
students but they were evaluated with a lesser importance rank than the previous. With
reference to the population criteria, both attributes, average neighborhood age and density
were appointed with a verjow importance level for students.

With the information acquired through the questionnaire resultwdts possible to implement

a Multi Criteria Evaluation (MCHjethod capable of developing suitability maps taking into
consideration all the aforementiad attributes and its importance levellhe selected
method waslLogic Scoring of PreferencasS@. TheLSPmethod is capable of developing a
suitability analysis by taking into consideration mandatory and-mamdatory attributes of

the decision procesd.o construct a PBSA suitability map, a location had to be appointed. The
city of Tilburg was selected because of its increasing student population, as well as its null
PBSA construction plan8 different PBSA suitability maps for thaty of Tilburg were
prepared.In the first map, all 12 attributes were incorporated onthe map construction
process. In the following, the population criteria was removed becausisofery low
significance levelThe last map was developed to showassible scenario, whe unsuitable
regions become suitable by the addition of certain attributes that previously were not found
in the area.

Regarding the suitability map developed using all the 12 assessed attributes, the best areas

to construct PBSA projects are around B Qa OAGe& OSYUuSNE gKSNB
attributes appointed by students are located. With reference to the suitability map where

only accessibility and amenities criteria were occupied, the results were very similar to the
previous map; this behavioran be explained by the fact that the population information

input was not of great detail, generating oversimplified population inputs which aettte

were not useful for the classificatory intent of the LSP method. With regards to the last
suitability ma.Jx | LINRB LR alf G2 RS@St2L) ¢AfodzZNEQa ¢S
development of mandatoryamenities attributes, such as supermarkets, city center
environment and universities. By adding these attributes to the west side of the city it was
possib§ G2 3ISYSNIGS | &ddzZAGrof S NBIA2Yy (G2 RSOSE 2
these three suitability maps it was possible to conclude that mandatory attributes have a high



impact in the suitability of a region, whereas norandatory attributes als@resent certain
weight in the decision making process, its faffillment would not mean that a location is
unsuitable, whether noulfilment of mandatory attributes would automatically classify the
region as unsuitable.

TheLSP method allows the decsimaker to model more complex suitability mapghere
mandatory and nofmmandatory attributes can be considered without losing significance of
each As of now, this method has not been fully implemented in any computational package,
therefore, extra effortand computation time is needed for modelling suitability maps using
this specifianethod. Regardless of this, it is recommended to use the LSP method in future
student housing location suitability research.
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CHAPTER 1

Introduction

1.1 Introduction

The Dutch real estate market has traditionally being very profitable for invesdoi more
recently, since the third quarter of 2013 thenaunt of Dutch house sales has risen steadily
averaging a 25% increase each yé&aavills World Research, 2016)ome buyers in the
Netherlands are taking advantage of historically low interest rates and an increased consumer
and producer confidence; these factors have caused a rush of foreign and national investors
into the Dutch market.

While there is a notorious housing boom in The Netherlands, in the last few years there has
been an interest growth from domestic and intetimal investors on student housing. This
interest has resulted in new developments, redevelopments schemes and several turnkey
properties. The main reasaof thisinterestrelates to the student housing supply shortage
that has not been able to keep uptiithe increasing number of students. This shortage is
not expected to decline in the near future as the amount of students is projected to continue
to rise. According to official publications the number of students at universities will continue
to grow (Hulle, 2015)

Thenon-stopincrease of students represents a situation where offer is lower than demand
If real estate companies, developers and investors watdke advantage of such position
construct student housing bidings, as well as municipalities want to keep up attracting
students into their regions, it is important to noticghere the biggest student housing
markets are what the expetations for such locations are and which areas within such
markets are the mdssuitable to develop student housing.
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1.2 Background

Regarding how students are distributed the Netherlands; the largest student city is
Amsterdamwith an approximate of 108,000 students, Rotterdam is the next on the list with
86,500 enrolled studest followed by Utrecht (72,000), Groningen (54,500) and Eindhoven
(54,000). Additionally, cities like Tilburg, Arnhem, Enschede, Leiden, The Hague, Delft, etc.
have registered a total number of 20,040,000 students per citfSavills World Research,
2016) In thecountry, there are 15 research universities and 37 universities of applied sciences
spread over 25 cities. At research universitige 2022 forecasted umber of students is
259,000 (4.6% increase) and at université applied sciences 454,200 (2.2% incre@selje,
2015) Ths increase in the student quota takes into accoumeérnational students, which in

the last few years have become a venportant niche to many Dutchniversities. According

to ERNUFFIC, over the last 10 yeatsee number of international students went from 41,200

to 77,900, this represents an increase of almost 0BRE, 20157 his gain in international
students can be attributedotthe amount of English taught Masters and Bachelors programs,
combined with the reasonable tuition fees for EU students. Of the total student population,
international students account for 10.7% and, in research universities, the share of
international stidents stands at 16.2¢%BRE, 2015)

In the Dutcheducationalsystem, universities are funded on the basis of number of students,
therefore universities promote themselves, even in foreign countries, so it is safe to assume
that growth of international students will continue as Dutch universities keep promoting
themselves, tuition fees remain low and the number of Enghglyht courses keep
increasing.

In relation to student housing expectations, traditionatlye demand forstudent rooms was
characterized by small household sizes and low income levels, these characteristics used to
limit the potential housing supply to small sized accommodation with shared facilities and low
rental levels. However, since the abolishment olking allowance for rooms with shared

TIOAEAGASA 68SyR 2 ahiftadiardgselacntaized siudedt uNtSaIIS G K |

World Research, 2015)

Apart from the market shift caused by the abolishment of rentidveance for rooms with
shared facilities, there is another factor that boosted this transformation: the change of needs
and desires of the millennial studeremographers define the millennial generation as the
children who were born between the early 1 Q& 'y R SIENI & wnnnQax
use and familiarity with communications, media and digital technologies as well as a liberal
approach to politics and economi¢s$iorovitz, 2012)regardingstudenthousing millennals

have a strong tendency towards lifestyle branded apartmentsere@bamenities and social
areas are an integral part of the building design, connectivity and access{piétyinger,
2016) ¢ KS YIF 3T AYS 4! yenthi& MHrdndsdn modesn styddri Boésing:
luxury, privacy, privatization, live and learn, safety and security and go green. The interest for
housing with amenities has increased and what once was considered as luxuries (kitchens,
private bedrooms, pvate bathroom, social spaces, lounges, etc.) now is @gpeand in

some cases required.a Roche, Flaningan, & Copeland, 2010)

w

a

0 K
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With the increase in the quality of student housing it is possible to observe a higher wiis\gne

to pay higher rental fees; official data shows that in only 3 years, from 2012 to 2015, a 65% of
the students were willing to pay more thad00.00 per month for rooms with own facilities,
while in 2012 only 40% of the students were willing to pay #rabunt, and the preference

for a selfcontained room dropped from 35% to 5% in the same time fréifdle, 2015)

In the Netherlands, ipast yearsthe gap between demand and supply of student housing
was enormous, howeverhis started to change since 2012 when several developments were
delivered and the national government eased some of its regulations to induce the
construction of Purpose Built Student Accommodations (PESa&ills World Research
2015) PBSAs are developments that were designed with one purpose: to satisfy all the
requirements and needs that a bachelor/master and, in some cases, PhD students have; in
the last years PBSAs have become one of the most interesting real estatementsin
countries like UK, USA among oth@rayman, 2015)The interest from investors in PBSAs
can be also seen in the Netherlands, currently many developments are being built in major
cities such as Amsterdam, Groningerm &trecht, but according to the 2016 Student Housing

in the Netherlands reportfiled by the consultancy firm Savills, there are some important
cities where PBSAs are underdeveloped or-aristent

Underdevelopment of student housingpse a specific miet scenewhere theamount of

available student housing facilities is far shorter than the number of students looking for a

place to rent. This situation can be seen as an opportunity for develapaisreal estate
companiego construct PBSAth further improve theirinvestment portfolios, as well as for
municipalities and universities to keep attracting students into their regions. However, to

O2y aiaNHzOG t. {!'Qa Al A& AYLRZNIIYyG G2 dzy RSNREGI
buildings are, regaly 3 A Y G NAY AA O 0 dewelRaa lgcat@Qraattridies. NI O G S NA ¢

1.3 Aim and research questions

The previous section has shown the relevance and importance of student haaosihg
Dutch real estate markets well as the market shift towardsltcontained units whiclave
forced developerstoinvest dn. {s!THisresearch aimsitnprovethe PBSAInderstanding,
focusing orlocationfactors influencing studerttousingpreference

The scope of this study is the student housing preferengéss research focuses on the

definition of compulsory and desirablecationl 4 & NA 6 dzi S& A y mdthodolbg®a | &
to pinpoint the best areas to construct such developments. This resulted in the following
research question:

What locationfactors aeA YLIR2 NI I yi Ay & tedarigRBOA andtield T S NS y O
these factors can be included in a land suitability analysis

To be able to answer this question a set of sufestions have been formulated:

QX
[N
o

1.2 KFd FITNB GKS f20F GA2yeabolt?i NAodzi Sa GKI
2. What is the level of importance of such location attributes?
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3. WhatYSG K2R GKIFG AyOfdzZRSa |ttt 2F GKS aildzR¢
importance levels, should be used to develop a land suitability analysis?
4. How to implement such methatl

In the remaindechapters of this papethe research quesins and suluestions formulated
previously will be answereand properly discussed. The next sectiaf this chapter provide
the reader a guide of how the research was conducted, as well steueture to better

understand this report.

1.4 Research structure

In this sectionan overview of all the steps followed to answer the research question and sub
jdzZSatdAz2ya gAff 0S RA&AOdZAASR® ¢KS NB&&HNDODK &/
objectives which led to an extensive literature review. The literature review was focused on
residential mobility, housing choice and preference, student housing and multi criteria
decision methods. Based on the literature review, it was decided &rt#ie Logic Scoring

2F tNBFSNBYOS o6[{t0v YSiK2R.The2LSP meaih8diréquirdésk S NI
AyLdzia dGKFG NBEFGS G2 GKS FOGdNAROGdziSQa A YLEZN
obtained from other papers or through a survey. For thseaach, it was decided to create a
guestionnaire, in which a specific tsef attributes was selected to be assessed by
respondents. A very important part of the survey relates to the pairwise comparison of the
selected attributes; this process allows totaim weight values for each attribute which later

can be used to develop a suitability map. After the survey was prepared, it was distributed

and the results were analyzed. From these results, LSP inputs were obtained and the method

was implemented. The iplementation of the LSP method allowed the creation of suitability
mapsthat help with the identification of suitable regions for certain type of developments.

For this research, Purpose Built Student Accommodation (PBSA) suitability maps day th

of Tilburg were createdThe complete research process is depicted in figure 1:

Research gquestion and sub-questions
identification

!

Literature review

!

L5F method selection

!

Survey design

Attribute selection ‘J-' Pairwise comparison

i '

Data acguisition

!}

Data processing

i

L5P implementation

¥

Suitability map

Figurel. Research structure
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In the following chapters a thorough explanation of each of the followed research steps will
be presentedand explained.

1.5 Report guide

T & NB a S| NOdtraztredNdoLg2hdgiers. Chapter 1 introduces the research
followed by literature review which covers chapter 2 and 3. Chapter 2 watl feview
literature regardinghousing, preferences and student housi@hapter 3 will then address
the literature regardingViulti Criteria Decision Making (MCDNb evaluate student housing
preference behaviarAfterwards, chapter 4 will discuss the research desigd gives an
overview of the research approach. This is feltd by data collection in chapter 5, where the
survey and sample will be discussed. Tham,chapter 6, the implementation of an N&EC
method is disclosed. Other suitability maps derived from chaptaresdiscussed in chapter

7. Chapter 8will elaborate theconclusion of this research and its implications, as well as
advice and limitations for future studies.
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CHAPTER 2

Housing Preferences and
Student Housing

2.1 Introduction

Housing and busing prefeence behavior have been studied extensively for many years.
Researchers have focused on many different aspects of this broad theme. What is housing?
Why do people moverh the first sectiorof this chapter, these questions will be answered.

Even thoughhis paper focuses on students, the theory backgrouncesidential mobility is
applicable for the maimim of this researchl'herefore, in he second part of this chapter an
overview of the variables that can influence housing preference behavior willdoeissed
as well as models that can predict such behavior

In the last section sident housing will be addressed; a worldwide overview of the situation
will be discussed slowly moving towards student housing in the Netherlands.

2.2 Housing and residatial mobility

Housing is a very specific type of product with unique definition and characteristics. A house

is a place to live in, but it is also a shelter for sleeping eating and protection. A house can
facilitate daily activities (work, shopping) asdcial contacts (interact with neighbors, family

and friends) and can be seen as a consumption product and investment good (large spending,
symbolic meaningjJansen, Coolen, & Goetgeluk, 201@)her authors argues that hougin

7
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should be viewed as a collection of characteristics that are used to satisfy goals, such as
comfort and esthetics (Maclennan, 1977) Bourne (1981) considers the immense
psychological importance of housing for satisfactiomatuss, privacy, security and equity as

well as its function as intermediary in the consumption procé3ger all, hese authos
mention various functions of a house:

1. A center of shelter and personal care: sleeping, eating, privacy, protection, etc.

2. Acenter of domestic activities: activities related to work, leisure and social life

3. Accommodang daily external activities such as work, shopping, etc.

4. Accommodating social contacts; a base for social activities.

5. A durable and costly financ@nsumption good as well as an investment good for owner
occupiers.

6. A durable and costly social consumption and investment good, which is related to the
symbolic meaning of house and home on a personal and social level.

Housing is a special type of gbthat makes the market for dwellings a special type of market.
Housing is highly expensive, spatial immobile, highly durable mudtidimensional
heterogeneous and physically modifial§géalster, 1996)Housing is a dominantategory of
household expenditure that contains elements of both consumption and investment, at least
for homeownergMaclennan, 1977however, the uniquely large housing rental market gives
rise to a tenure choice decision thalepends on both consumption and investment
considerations; changes in occupancy are particularly costly: the considerable search
warranted by the extreme heterogeneity and immobility of dwellings, the complex legal and
other transactional services anddhhousehold move itself require a heavy outlay of time,
effort and money hence residential mobility is a rare event, as most households do not move
often (Coulter, Ham , & Feijten, 201® relatively strong trigger or potentitigger is needed

to actually decide that one wants to move.

Residential mobility is another topic that has been heavily studied through the years. Classical
theories of mobility posit that people move different distances for different reagGuasllter,

Ham , & Feijten, 2010)n this framework, people are thought to migrate long distances across
labor market boundaries primarily to obtain higher wages or to improve their skills and
employment prospect¢Boheim & Taylor, 2007)n contrast, less disruptive shedtstance
moves are thought to be driven by household transitions, dwelling and neighborhood
preferences or social mobility aspiratiofgan Ham, 2002Residentil moves thus act as an
adjustment mechanism allowing people to adapt to the new seeds and preferences generated
by changes in their life course care¢@®ark & Ledwith, 2006)

Several studies have been performed to invesagae types of moves that different people
make at different stages of their lives. For example, it has been stated that young singles
migrate frequently and tend to flow to urban centers offering high density of educational,
employment and social opportities (Dennett & Stillwell , 2010)This tendency to move,
SalSOAlLffe f2y3a RAaGlIyOSas RNRLA ¢gAGK | 3S
an employed partner or children, which makes moving more complex and ¢&siiyen ,
2005) Afterwards, some pulses of residential mobility have been identiigkd health and

care need purpose®uncombe , Robbins, & Wolf , 2001)
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Analyzing why people desire to move ahdw this impacts on their subsequent moving
behaviorhas the potential to enhance our understanding of residential mobility motivations,
however, little is known about the underlying reasons of such behavior because previous
studies focus only upon seiéported reasons, which overlooks the large proportion of
moving desires that are never followed by a residential M@aulter, Ham , & Feijten, 2010)

These underlying moving reasons have an important role in the movingialeceisaking
process, however, it has been suggested that some types of moving desires have a greater
likelihood of being acted upon than others; in general, it is likely that desiring to move in
order to make urgent, major and targeted changes acrossditese careers is more likely to

lead to actual mobility than desiring to move because of more diffuse feelings of
dissatisfactior{Coulter, Ham , & Feijten, 2010)

So far, nondissatisfaction residential mobility causes hdeen discussecevertheless, the

classical view of residential mobility is that the decision to change residence can be seen as a
Fdzy OllA2y 2F (KS K2dzaSK2f RQad RAaal @dwn® OGA2Y
Moore, 19D).

According to the classical mobility literaturesidential stress is thought to be the trigger for
residential mobility. Residential stress is experienced when a household is dissatisfied with its
dwelling. Residential dissatisfaction is in ture tiesults of a discrepancy between actual and
desired housing situatiofMulder, 1996) Residential satisfaction is found to be influenced by
objective physical housing and environmental characteristics, demographic characderis
social contacts in the neighborhood and psychological variables such as feeling and values
(Bell, Greene, Fisher, & Baum, 2Q01)

The act of moving reduces the difference between desired and actual housing situation and
is therefore expected to reduce stre@Soulter, Ham , & Feijten, 201Mowever, moving is

an indirect response to residential stress; the direct response to residential stress are moving
wishes, representing pure housing pregaces; whether people actually move will also
depend on opportunities and constraints.

Constraints and opportunities are subjective concepts, where for some people a certain
situation may represent an opportunity, for others it might be a constraMtommon
example of opportunities and constraints is usually provided by the local housing market; for
instance in a specific location where the market is low, some people might want to move to
another neighborhood but since prices are low this might représenobstacle, while for
another person, low prices might trigger him to move.

Missmatch
Life course desired-actual | o Residential | Residential Intention to - Residential
event housing Dissatisfaction Stress move 1 1 Mobility
situation

Opportunities

| Constraints

Figure2. Residential Mobility Process (Coulter, Ham , & Feijten, 2010)
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In figure 2 the traditional residential mobility process is shown, wheralltstarts with a

specific life stage that generates a mismatch of desired and actual housing situation that
causes dissatisfaction and therefore strés& A OK (G NA IISNAE (KS K2 dza SK2f
Whether this move is done or not will depend on thenstraints and opportunities of each

specific case.

Above, housing and the process of resitig@ihmobility have been addressetherefore the
factors that influence housing behavior, as well as models that can predict such selections will
be part ofthe discussion ithe next section of this paper.

2.3 Housing preference and choice behavior

Preferences and choices are lifetime constants. Every person lives and operates within the
FNFYSE2N] 2F OK22aAy3a FTNRY I f i arbdBakorigss,a 27F
2009) in other words, preferences can be seen like choices. Housing preferences and choices
represent no exception to this framework. In any preference and choice activity there are
underlying motivations tht make it possible for an individual to choose from available
alternatives within a given product fie[@ako Zinas, 2009)

Regarding housing preferences, various factors have been found to have an influence on
LJS 2 LX Sehtinl chies, however, it has long been a challenge to determine these factors
and the degree of their influenc@lagiara, Preston, & Kim, 2005Housing characteristics
such as price and size are thought to influence huygireference and housing choice
behavior substantialljLee & Waddell, 2010; Dieleman, 2001 a lesser extent, aspects of

the residential environment, such as green areas, shopping and parking influence housing
chace decisiong(Plagiara, Preston, & Kim, 2005; Louviere & Timmermans, 19@3k
important but still influential are social and economic ties and relative location aspects, such
as accessibility and traveime to shqping centers schools and public transportation
(Plagiara, Preston, & Kim, 2005; Lee & Waddell, 2010; Louviere & Timmermans, 1990)
Additionally, research has shown that many seémographic variables infunce residential
mobility decisions. Factors like age, gender, household income, employment status,
education level and household composition were found to predict housing choice behavior
(Geist & McManus, 200&,ee & Waddell, 2010; Timmermans, Borgers, Van Dijk, & Oppew,
1992)

Researchers have not agreed on an exact set of criteriaishable to determinenousing

behavior of people, however it is clear that such attributes can be classiftedtwo

categaies: residential environmerdnd demographic characteristi@Gampbell, Converse, &

Rogers, 1976) t S2LJ SQ& K2dzAAy3 SYGANBYYSY(d NBFSNE I
of the housing unit, the neighborhood and the comnity in which the residents are located;

it includes facilities, infrastructure, services, amenities and the social capital within the
neighborhood(Campbell, Converse, & Rogers, 197B)e demographic criteria refers to
characteristics of the person or the household itsgleée & Waddell, 2010)

The issues of housing choice and preference attract interests from researchers in a variety of
disciplines Because of thimultidisciplinarity researchinto housing preference gives rise to

10
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numerous different approaches and moddl¥ansen, Coolen, & Goetgeluk, 2011yhat
consumers want can be measured in many different ways. Which particular method is to be
chosen can onlydanswered in the light of the purpose of the measuremg@tboimeijer,
1994) Different methods lead to different outcomes, therefore, the choice for a specific
method cannot be based on the methodological superiority of on¢hme over another but
should be directed by the type of information in which one is interegtédoimeijer, 1994)

In the following paragraphs, common approaches to determine housing choice will be
presented.

The Housing &mard Research Method consist in making relatively simple and
straightforward questions about the willingness to move, preferences for housing
(environment) characteristics and the current and previous housing situation. Furthermore,
socicdemographic and ecamic variables are collecte@oumeester (2011) says thatd

goal of this methodology is to obtain accurate insight into the current and future demand for
housing in a quatitative and qualitative sense.

Another common approacts the Decision Plandil Floor and van Kempen (1997) describe

it as the underlying protocol that people use to evaluate alternative houses in terms on the
housing attributes that are important to them. The purpose of this method is to present a

flow diagram with the underlying deson protocol of people. This diagram is obtained by
FANERG NBO2NRAY3A F2NJ SIOK AYLRNIFYyG K2dzaAy3 |
determining the importance of each preferred housing attribute.

Coolen and Hoekstra (200f)oposed a methd called Meaning Structure. The purpose of it

Aa (2 laasSaa ¢gKIFG LIS2LX SQa K2dzaAy3d LINBFSNBYyO
housing attribute is assumed to yield consequences, while the importance of consequences

is bases on their ability td I G A A F& LIS2LJ) SQa LISNBE2yFffe Y2iAc
meaning structure chain relates the preference for a housing attribute to its contribution to

the realization of objectives and values.

The Multi Criteridevaluation method (MQBr Multi Criteria Decision Analysis (MCDA) targets
to value and weight each of all the attributes that are part of a decision process and
subsequently, combining the weighted values into an overall utility score where, the
alternative with the highest utility repsents the optimal choicéMajumder, 2015) This
method was originally designed for complex decision making processes.

Conjoint Analysis base its methodology on responses to residential profiles that are complete
descriptions 6the characteristics of the house and the housing environngéamsen, Coolen,

& Goetgeluk, 2011)This method is especially useful if the researcher is interested in the
trade-offs people make between residential attributeBhe aim of Conjoint Analysis is to
estimate utility functions that can be used to compare residential alternatives in terms of
LIS2LJ SQa LINBFSNByOSao

The research method called Residential Images aims to create a realistic-thousey

process by showin@ catalog of available prototypes of existing or newly built housing
(Jansen, Coolen, & Goetgeluk, 2Q01This method measures the acceptance or rejection

11
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degree of new housing at first sight. The aim of this method is to fodieiduals to trade off
their individual wishes taking price and availability into consideration.

The Neoclassic Economic Analysis states that buyers and sellers are able to rank and value the
bids and offers for goods on the mark@ansen, Coolen, & Goetgeluk, 20IMhe subjective

value that households attach to a good gives rise to their bids; the exchange of goods only
takes place among buyers who cannot find another seller who asks less and sellers who
cannot find anotler buyer who bids more in a certain period. The optimal choices of sellers
and buyers on the housing market can this reveal their preferences for housing quality.

Another commonly used method is the Longitudinal Analysis. In this method the same sample
of respondents is followed at different points in tingg@ansen, Coolen, & Goetgeluk, 2011)
The goal is to examine how characteristics or circumstances at one point in time shape
individual outcomes at a later point in timd@histechnique allows to be performed in a
number of ways using various statistical techniques.

In the previous paragraphs different attributes to measure housing preference and choice, as
well as several methods proposed by various authors to measure hopfgrence were
presented. Each method presents different scopes and therefore, the selection of a specific
method must be based on the type of information in which the researcher is interested to
obtain.

In the next section student housing will be addess

2.4  Student housing

The topic of housing choice and housing preference continues to be heavily researched, as an
area of interest to scholars in various and numerdisgiplinegCoolen, 2001)More recently,

this interest in housing preferences has shifted towards a rising market whtble student
accommodation development

The traditional student housing market was characterized by shared bedrooms and
bathrooms, however, the millenniajeneration hashigher expecttions for their student
housing(La Roche, Flaningan, & Copeland, 20IB¢ millennial generation is influencing the
market in such a way that accommodation providers are continuing to kpepth the latest
design trendsthe demands to continually provide enticing personal and social spaces is
greater than ever before

University Business identified 6 trenofsstudent housing: luxuryprivacy, privatizationlive

and learn, safety and security and go grdéa Roche, Flaningan, & Copeland, 2010

luxury trend refers to the availability of amenities that in the past were considered luxuries,
such asocial areas, lounges, roof terraces, etc. Privacy relates to personal spaces like private
bedrooms and bathrooms. The live and learn concept can be understood as proximity to
universities as well as to shops and stores. Safety and security also has an important role in
the student housing where safer areas are often on higher demand than othiely, the

go green trend privilegselfsustainable developments.

12
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In USA,Graduate and Professional Student Housing supply has been divided into four
different models, where each, is targeted towards a different malk&tesks, 2012) One
model provides inexpensive housing, targeting first year and international students who live
alone. The goal is to help them with acclimation to graduate school life, and, in the case of
international students to the country and its culine. In this first model, graduate students
might be housed in single rooms with shared floor kitchens. The low cost label means small
rooms, basic interior finishes and few building common spaces.

The second model provides housing for students with fasyiloften in outdated apartment
buildings. Many universities have a small neighborhood of buildings devoted to this type of
housing thus creating a community for the residents. Communal spaces include laundry
rooms and it might include a meeting or rectiea room. These type of apartments typically
have a large master bedroom and a smaller second unfurnished rooms.

In the third model, the school buys older meditsized multifamily houses or apartment
buildings near to campus to house graduate studemigically these buildings provide very

few common spaces other than a laundry room. The main differert@een this model and

the firsttwo is that this type of housing provides one stop housing shopping geared towards
graduate students, where it is commao review and reserve apartments online before
arriving, rent for the academic year instead of calendar year and pay by term using student
billing. Even, some schools subsidize the cost of apartment housing, particularly in areas
where market rents aretgep. Utilities and Internet are included and buildings are services
08 dzyA@SNBAGEQA adlFFo

The fourth model provides new apartment living for all graduate and professional students.
The main difference with any other model is that it is a completely menwstruction
specifically designed for studentld may include mixed use occupancy, with first floor retail
and residential on top floors. The design contemplates a wide array of common spaces to
foster communication between different demographic groupsdifferent intellectual
disciplines and between students and faculty. In addition to study spaces, common spaces
may include patios, fithess rooms, meeting rooms and even a concierge desk to monitor
building security.

The previous housing model classifioat was based on the American model, which
represents a good example of a mature student housing ma®beskis, 201 owever, in
the Netherlands the student housing situation deviates from the American model.

Univasities n the Netherlands do nobave a big tradition of oilgampus accommodation,
however this is changing and currently several universities are investing in such type of
facilities (Nuffic, 2015). Typically, studenn the Netherlands (who do ndive with ther
parents) live either in student houses or student apartments

In the Netherlands, there is no national student housing database that can provide an
accurate number of the total student housing stock or their characteristics. This is partly due
to the fact that the ownership of student houses is dispersed. The largest single group of
owners are the social housing corporations, which own and manage an estimated of 40% of

13
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the total market; the remainder of the stock is owned by private investors who heldal
number of rooms as an investment or for their children to live in while stud¢@i§RE, 2015)

To give an estimate for the total of student rooms in the Netherlands, the total number of
students living away from home ©gae used as benchmark. Based on this assumption, the
total stock was estimated to be of 400,000 in 2@CBRE, 2015)

In the Dutch educatio system, higher education is divided into WO and HBO, of which WO
stands for scientii education or university of science and HBO for higher vocational
education, college or university of professional educatibn2016, there were 63,000 new
enrolments at research universities for the academic year 2016/2017 which brought the total
number of students at this type of university to 249,400. In universities of applied sciences
there were 99,700 new enrolments which represents a total of 428 &00ents (Savills
World Research , 2017)

With the increasing numbeof students over the last years, the demands for student
accommodation has grown as well. Supply has not kept up with this growth, resulting in a
shortage of available rooms. To meet thleortage the national government together with
municipalities, houisg corporations, investors and universitieave signed an agreement to
build new student housingLandelijk Actieplan Studentenhuisvesting 201 6),however,
GKS YIFr22NRGe 2F adtdzRSyd OAGASEA | NB FaBRE f RSH
2015) In addition to this shortage, the longrm demand pressure on the market has obliged
students to accept lower quality rooms and has led to underinvestment by landlatdke

same time, demand for high quality o has risen; as a result, there is not only room for
additional student housing supply, but also for improvement in the quality of the current
stock(Savills World Research, 2016)

Purpose Built Student Accommodation (PBSA&n&w developments that are designed with

only one objective: to fulfill the requirements and necessities of students. In general terms,
these constructions offeenclosed rooms with private shower and bathroom, open plan living
spaces, social areas withihe building, proximity to a universignd high accessibiliffBavills

World Research, 201®) t . { ! Q& I N8B (KS YIFINJSG NBaLrRyas
demand ad in the Netherlands, they represemne of the most populareal estate
investments in the last years

Infigure3A 0 A& akKz2g¢gy Fff GKS

~ A

St AGSNASE 2F t.{!Q

Figure3. Deliveries PBSA in the Netherlands 2R@58(Savills World Resezh, 2016)
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From figure 3t is possible to observe which cities have the higher student housing demand

and how such demand is planned to be satisfied in the upcoming ykais.clear that
Amsterdam, Delft, Eindhoven, Groning&ptterdam and Utrecht ha the highest student
NE2YQad RSYIFIYR odzi AG A& fa2 AyuSNBaalshay3a G2
presentincreasing student housing demand.

2.5 Conclusions

In the previous paragraphs several concepts were discussed. Housing wiasl desfi specific
product with unique functions (shelter, center of domestic activities, etc.) as well as
residential mobilityA 1 & GNAIISNRAY3I FFOU2NER yR AdQa 20@S!

Also in this chapter a wew of the factors that havel y ¥ dzSy OS sh@uSig) LIS 2 LJ
preferences was made. It was stated that there is adpecificset of criteria that can
determinesuch preference because each scenario is different to any ptioevever it was

noted that these attributes can be classified into two groupsidestial environment and
demographic characteristics. The first refers to all that surroundings and the characteristics

of the house itself; the second refers to the characteristics of the person or household.
Regarding the different methodologies that &ixito evaluate housing preference, nine
commonly used were discussed. It was stated that there is no better method, but instead,

each method is used depending on the required results.

In the last part of this chapter student housing was assessed. Fgestexal overview of the

student housing market was mades well as a description of how the student housing model

in a mature market is arranged@hen the Dutch student housing market was discussed. It is

clear that supply is lower than demandinmostkegy 4 2F (KS bSGKSNI I yRa
trend in student housing, however it is important to note that due to the large number of

recent studentiNR 2 Y Q & YR FdzidzZNE RSt AGSNASAZI Ayo@dSad
the locations. Hence the impance of this research. By identifying the locations that better
aldAafte addzZRSyidQa LINBFSNByOSa AU gAafft 06S LR
portfolios as well as allowing municipalities and universities to increase thenber of

students

Ly GKS F2ftft2¢gAy3 OKFLIGSNI I NBGASGg | o2dzi GKS
preferencesas well as all its implications for this reseavahl be shown.
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CHAPTER 3

Multi Criteria Evaluation
Analysis

3.1 Introduction

In the previous chapter nine commonly used methods to evaluate housing preference were
discussedit was stated that none of them could be categorized as better than any other due

to the different objectivéd (0 Kl & SF OK YSGK2R LJzNBdzSad wSOl f f
f20FGA2Y FLFEOU2NAR FNBE AYLERNIUFIYyO Ay addzRSyidQa
Oy 6S AyOfdzRSR Ay | I yR & dzA dlogghattbdttérsuits: y I £ & &
KA Aa NBaSI| NDOKBGE nkihab8cause itdsSble td evaluat& ®mplex decision
problems with multiple variabke

Thischapterwill focus on the MCEethods as well as itémplications for this researclhn the
first part a general ovetew of theMCEmethodology is explained, alseveral approaches
within this method are assessed.

Afterwards, the focus will be on the L&#thod and its implications and requirementBo

finalize this chapter, a revision of the typically attributes useduitability analysis will be
made
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3.2  Multi criteria evaluation methods

Decision making is regarded as the cognitive process that results in the selection of a belief or
a course of action among several alternatives. Evengysibn making processs aoutcome

a final choice. This decision making procems be very simple if the number of variables is
low, however, when the mricess involves several criteria the entire procedoeeomes more
difficult to assess.

Multi criteria decision making (MIDM) is considered a suliscipline of operations research
that explicitly evaluates multiple conflicting criteria in the decision making environment. In
our daily lives we unconsciously welghultiple criteria and often we find ourselves satisfied
with the consequences of such decisionewever, when stakes are high, it is imperative to
properly structure the decision problem and explicitly evaduatultiple criteria and several
solutions this approach leads to more informed and better decisions

Multi-dimensional decision and evaluation models provide tools for analyzing complex trade
offs between choice alternatives with different environmental and socioeconomic impacts.
The formal mathematical framework used to describe radithensional decision makg is
based on multobjective optimization theory in which both conflicting and complementary
objectives are described as a decision problem with multiple objec{®asver, 1991)The
basic aim oMCEanalysis techniques te investigate a number of choice possibilities in the
light of multiple criteria conflicting objectives, by doing this it is possible to generate
compromise alternatives and rankings of alternatives according to their attractiveness
(Voogd, 1983)

In the field of land use and space analysis, multi criteria decision problems are npt rare
decision makers are often faced witigh intricacydilemmas that require more complex tools

to solve. Geographical Information SystemsS{jGirovide the decision maker with a powerful
set of tools for the manipulation and analysis of spatial informat{@arver, 1991)GIS
provide means that, when combined with MCE methais) be used to solve a multitude of
problems involving spatial dat&eographic information systems have been uk®dhe site
selection of areas, suds: service facilities, recreational activitiestail outlets, hazardous
waste disposals sites and critical areas for specific resource reareag and control
practices(Jancowski, 1995However, the utility of GIS functionality in the management of
such areas has been limited by the restrictions inherent in overlaying of digital information
maps(Janssen & Rietved, 1990he integration of analytic techniques designed to work with
MCEproblems within GIS could give more functionality to the user. GIS are very useful for
storing, processing and manipulating spatial databases; conselgueetintegration of MCE
within a GIS context can help users to improve decision making procéBsesira &
Duckstein, 1993)

Spatial decision problems typically involve a large set of feasible alternatives and several
evaludion criteria, therefore many decision makers give rise to thelfak®d multicriteria
decision analysi<On one handsIS is recognized as a decision support system that involves
the integration of spatially referenced data in a problem solving environtmam the other

hand, MCE provides a rich collection of techniques and procedures for structuring decision
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problems and designing, evaluating and prioritizing alternative decisioad: f OT Sga 1 A =
based multicriteria decision analysis: a survey of the literature, 2006)

Research has shown several authors applying different MCE methods to complex spatial
decision problemsSome of the commonlysedmethods used areSimple Additiv&Veighting
(SAW)Azar, 2000; Kaliszewski & Podkopaev, 2016; Giupponi & Gain, R0il6)Attribute

Value and Utility Theory (MAUS)5 dz2 Y2 @A 6 = 5 S Conp&iZon of MEtiskitedar 6 S DA ¢
Methods for Landuse Suitability Assessment, 2009; Kiker, Bridges, Varghese, Seager, & Linkov,
2015; Veldhuisen & Timmermans, 198@rdered Weight Average (OWA/yager, 1988;
Malczewski, Ordered weighted averaging with fuzzy quantifiers-b@$8d multicriteria

evaluation for laneuse suitability analysis, 2006; Zeng, Balezentis , & Zhang, ,2012)
Outranking MethodgRoy, 1991; Kangasangas , & Pykaldainen, 2001; Rogers & Bruen, 1998)

and more recently Logic Scoring of Preference (bSP)}dz2 Y2 A6 9 Cly 3> wSHt
I NAGSNAFE wnnnT 1 FGOK = 5NF3IAOSPADG I 3 5dz2Y?2
2011)

SAWis probably the best known and widely usetethod for multiple attribute decision

making. It was first utilizedy Churchman and Ackoff in 1954 while coping with a portfolio
selection problemThis method idased on the weighted average. An evaluation score is
calculated for each alternative by multiplying the scaled value given to the alternative of the
attribute with weights of relative importance directly assigned by each decision maker; after

this a sum of all the products for all criteria is made. The main advantage of this method is

that it propose a proportional linear transformation of the raw dd#sfshari, Mojahed, &

Yusuff, 201Q) The main disadvantage dfid SAW methods that it does not consider the
RAFTFSNEBYG LINSFSNBYOGAILIfT £S@Sta FyR LINEBFSNByh7
alternatives in a decision groypbdullah & Adawiyah, 2014)

MAUT is a methodised to support a decision maker when it has to choose from a limited
number of available alternatives. The overall evaluation of an alternative is defined as a
weighted addition 6its values with respect to its relevant attributes; this method requires
the decision maker to evaluate the alternatives on each value dimension separately. Values
and weights are then combined and aggregated by means of a formal model that generates
anoverall evaluation of each alternatiyeon Winterfeldt & Edwards, 19863everal autors

point some disadvantages tifis method: itsupposes that human values may only influence
consumer choices by affecting what product #éttrtes consumers prefer and that is the
calculated evaluation of product attributes that in turn determines product choice, however,
consumers also make emotionally, intuitive and holistic judgméhiten, 2002)the method
assumesthat the importance of the attribute is independent of the level of the attribute,
which may not hold as the importance of the attributes may be dependent upon the range of
the scale over which the value function is defin@&nsen, Coolen, & Goetgeluk, 2011)
respondents may not be able to provide evaluations for a distinct attribute level without
taking related attributes into accourgansen, Coolen, & Goetgeluk, 201t¢ MAUT method

does na allowtesting of the appropriateness of the chosen preference function to combine
the single attribute utilities into an overall utilityfVeldhuisen & Timmermans, 1984)

OWAIs a family of multcriteria combination procedws (Yager, 1988)it involves two sets
of weights: the weights of relative criterion importance and the order (or OWA) weights. By
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specifying an appropriate set of the OWA weights, one can generate a wide range of different
land-use suitbility maps (Malczewski, 2006). The OWA operator is able to provide a
parameterized family of aggregation operators, which typically includes maximum, minimum
and averagdZeng, Balezentis , & Zhang, 2Q1#)nce itsapplication in several fields. The

main advantage of the OWA is the concept of orness (fuzzy membership) and the definition
2F Ly 2NySaa YSIFadaNBS GKFEG Oy SadlofAiakK K2g
of its weighting function. One didaantage of this method is its inability to model certain
scenarios where symmetric linguistic variables are not the best fit for the case. From this
limitation many unbalanced linguistics aggregators have been proposed making the method
more robust and caplex.

The OMmethod builds a preference relation, typically called outranking relation, among
alternatives evaluated on several attributes. The outranking relation is built through a series
of pairwise comparisons of the alternatives. This methodblethe utilization of incomplete
value information and, for example, judgments on ordinal measuremenk g€ogers &
Bruen, 1998)The methodorovidesthe (partial) preference ranking of the alternatives, not a
cardinal measure ofhe preference relaton® ¢ KS LINAYOALX S 2F GKS
analogy and can be used without having recourse to a subtle analysis ofdffsdeetween
attributes. An important advantage of OM is the ability to deal with ordinal and more or less
descriptive information on the alternative plans to be evaluated; the uncertainty concerning
the values of the criterion variables can be taken into account using fuzzy relations
determined by indifference and preference. However, the difficult interprietatof the
results is the main disadvantagé the OM(Kangas, Kangas , & Pykalainen, 2084 well as

its lack of axiomatic foundations

The LSP method analyzes complex tratfe between choice alternatives, based on precis
modeling of human evaluation reasonings dz2 Y2 @A 0 9 ClFy 33 wStAlF0Af
this methodology provides the flexibility, precision and justifiability of evaluation criteria
derived from the structural and logic consistency with observable properties of evaluation
reasoning. Thend result of the LSP method is a suitability map, in which, criterion functions

can use any number of input attributes and generate an overall suitability score which is
defined as a degree of truth of the statement that all requirements are satigfitadch |,

5N} 3A6SOA06 I .dhelnda@adeatldy® & LSP is that it is able to compute an
infinite number of inputs without losing significanes well as taking into consideration
objective and subjective factors into the decision making psece

3.2.1 Pairwise comparison

All of the previous MCE methods represent different approachesotee complex spatial
decision problems. However, these methods are worthless if they are not fed with attribute
weights An attribute weight represent the iportance of each attribute in the overall
decision making process. Pairwise comparison is a methodology designed to make decision
makers indicate how much more important, or how much more desirable, or how much
better qualified and item is compared to arsiar one(Dijkstra, 2010)

Saatyis an outspoken proponent of this approach. His method, fealytical Hierarchy
Process AHP considers a set of evaluation criteria and a set of alternative option among
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which the best decisns is to be made. The AHP generates a weight for each evaluation
ONAGSNARAZ2Y | OO2NRAY3I (G2 GKS RSOA ajinhafevarbal SNID &
intensity of the comparison is translated into numbers, using scales that appear to work well

in practice: 1 for equal importance, 3 for moderate importance, 5 for strong, 7 for very strong

and 9 for extreme importance, integers in between for refinements and reciprocals for
inverse judgementgDijkstra, 201Q)the highe the score, the better performance of the

option with respect to the considered criterion. Finally, this method combines the criteria
weights and the option scores, determining a global score for each option, and a consequent
ranking. The global score fargiven option is a weighted sum of the scores it obtained with
respect to all the criterigSaaty T. L., 1980)

The AHP method presents considerable advantages such as its ability to rank choices in the
order of their effetiveness in meeting conflicting objectives, as well as its capacity to detect
inconsistent judgments. However, the main disadvantage of this method is that it only works
because the comparison matrices are all of the same mathematical form (reciprocaiesgtr

It is important to note that the AHP is a method proposed to evaluate human choice,
therefore certain inconsistency can be expected. For instance, if B> A and A > C, logically B >
C, this is what is called transitive property. Consistency is glosklted to the transitive
property, however, in human decision not always all the results are consistent. Saaty proved
that for consistent reciprocal matrix, the largest Eigen value is equal to the size of comparison
matrix, or max< [ they, he gave a measure of consistency called Consistency Index (Cl) as
a degree of consistency using the formula @twaxn/n-1. To be able to use the CI, Saaty
proposed to compare this index with the appropriate consistency index, which is called
Random consistency Index (RI). The RI are values generated from reciprocal matrices using
scales 1/9, 1/8, etc. and from them, the Rl is compared to see if it is about 10% or less. Saaty
also proposed a calculation called Consistency Ratio (CR), whicbnigarison between Cl

and RI (CR=CI/RI). If CR is smaller or equal to 10%, the inconsistency is acceptable.

In the previous paragraphs anaview of the commonly used MCE methasias discussed

as well as a methodology to determine attribute weights ethare used by these MCE
methods From all the typically used methodssRwas selected to perform a suitability
analysis for student location attributes. This choice was made based on the advantages that
such method propose over other MCE methods. Inftil®ewing sectiorthe LSP method will

be assessed as well as its implicasiand requirements.

3.3 Logic scoring of preferences

LSP is a multriteria evaluation methogfirst proposed by Jozo J. Dujmquitat resembles
human evaluation reasoningg5 dz2 Y2 @A 0 9 Cl y3>x wSft.Xleméthodh & 27F
provides an evaluation criteria derived from the structural and logic consisteRog.
structure of each LSP criterion function is based on a set of attributesgaitiesponding
attribute criteriaand a soft computing logic aggregation of attribute suitability scores. One of
the bestselling points of the LSP methodology is its offer of specific type of elementary
attribute criteria, as well athe aggregation operatrs of attribute suitability scores which
includes all of the ones that are observable in human reasoning: hard and soft partial
conjunction, hard and soft partial disjunction, pure conjunction and disjunction,
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conjunctive/disjunctive neutrality, asymmetri aggregators and complex canonical
aggregation structuregDe Tre, Bronselaer, Matthe, & Dujmovic, 2011)also provides a
separate selection of formal logic parameters of andness and orness and semantic
parameters of relatve importance of attributes in aggregation structures

LSP follows an aggregation structure where data inputs are represented on a standardized
scale and organized into relevant attributes; inputs are grouped categorically and arranged
on a LSP attributéree; afterwards they are combined through the use of different LSP
aggregators which represent a spectrum of conditions ranging from simultaneity to
replaceability(Dujmovic , De Tre , & van de Weghe, 20I0e method can benplemented

in 3 stages: development of an attribute tree, definition of attribute criteria and the
development of the aggregation structure.

3.3.1 LSP attribute tree

The first step of the LSP methodology consists in the creation of a list of sutatiilibutes,

then a deomposition structure is generatedihis structure organizes the decision problem
using a hierarchical structure of attributeom the breakdowrof the overall suithility it

yields a distributioniree where elementary atthiutesare the leaves of itfThe input attributes

are separately evaluated and corresponding suitability degrees are then combined together
using the LSP aggregators. A very important factor of the LSP attribute tree is that some of its
attributes can be denotedas mandatory (satisfaction is required) while some others are
optional (satisfaction is desired)n figure 4it is possible to observe aaxample of such
arrangement, where mandatory attributes are represented with (+) and-mamdatory
attributes are repesented with {)

1 Terrain and environment (+)
1 Terrain properties (+)
111 Slope (+)
112 Altitude {(+)
113 Orientation of terrain (-)
12 Environment properties (-)
121 Proximity of forests or major green areas (-)
122 Proximity of a lake/river (-)
2 Location and accessibility (+)
21 Ground transportation (+)
211 Proximity of an interstate highway (+)
212 Proximity of a regional highway (+)
213 Proximity of an intercity railroad station
22 Proximity of an international airport (-)
3 Population and employment opportunities (+)
31 Density of population (+)
32 Proximity to employment opportunities (+)

Figure4. Mandatory (+) and optional) attributes (Dujmovic , De Tre , & van de Weghe, 2010)

22



Graduation Projeic2017 S. Corrales

3.3.2 Attribute criteria

The second step to implement the LSP method is to specify individual requiremerat$ for
FOGONROGdzI Sad ¢ KS | (G NR 0 dzir&uirenehtsitisarhk inputhidsfof SO G a
satisfy; theseequirements are expressed as functions that show the level of satisfaction (y
axis) with each value of the attributes.

The level of satisfdion is also known as elementary preference, and it belongs to the interval
[0,1], where elementary preference 0 reflects null satisfaction of the input and 1 shows full
compliance with the requirement, elementary preferences between 0 and 1 represetilpar
fulfillment of the requisite(Montgomery & Dragicévic, 2016l figure 5it is possible to
observean exampleof attribute criteria functions.

1
1003 100
50
o u .
O(M) 1 (EW) 2(SE,SW) 3(S) 0 200 m 2000 m
113 Orientation 121 Proximity of forest / green areas
- F
100 100
0 - 0
0 200 m 2000 m 0 25 1001000 10000 m
122 Proximity of lake / river 211 Proximity of an interstate highway

Figureb. Attribute criteria functions. (Dujmovijde Tre , & van de Weghe, 2010)

The attibute criteria shown in figure Eepresent the suitability function that the LSP model
will use to evaluate each location. For instance, if proximity of forest or green area is
evaluated, any location that is withii¥200m away from a forest or a green area will yield a
suitability score, for this attribute, of 100. However, from 28000m the sitability score will

be reduced in function of the slope of the attribute criteria plot. Any location that is more
than 20@Mm away from a forest or green are will be considered to be unsuitable (0).

3.33 LSP AGGREGATION STRUCTURE

The third step in the design of LSP suitability maps is the organization of the preference
aggregation structure, which will aggregate all thenedmtary preferences and will result in

the overall suitability. Each aggregator computes the usefulness of a group as a function of
the usefulness of group components. Each aggregator function must be able to express logic
and semantic relationships betweecomponents in a justifiable way that is derived from
knowledge of a domain expe(Dujmovic , De Tre , & van de Weghe, 2010)able 1lit is
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possible to observe the classification of the fundamental Continuous Preferegae (GPL)
aggregators

Generalized Full disjunction (D)
Cfl.lI?juncFionf Partial disjunction (PD) ?j;:j Pz.;:t::ldff:::]ﬁ:;?]n{éi;?]

Aggregation %’g}g}cﬁm;e Neutral aggregator Arithmetic mean (A)

operators in basic CPL Partial conjunction (PC) Soft partial conjunction (SPC)

Continuous ’ J Hard partial conjunction (HPC)

Preference aggregator Full conjunction (C)

Logic (CPL) Simple partial Disjunctive partial absorption (DPA)
Compound absorption . Cunjlu?ctive p:lirtiul absinrption (CPA)
aggregators Nested Ipmtm] Suffu:lentﬂ]e:ilrlaﬂﬂptu?nal (5DO)

absorption Mandatory/Desired/Optional (MDO)
Partial equivalence, partial implication, etc.

Tablel. Aggregation Operators in CPL (Dujmovic , De Tre , & van de Weghe, 2010)

Partial Conjunction and partial disjunction are two special cases of General
Conjunction/Disjunction (GCD). Partial Conjuntti® a model of simultaneity while partial
disjunction represents replaceability. The degree of similarity between any form of GCD and
the full conjunction is called I Yy R ya&dih& degree of similarity between any form of GCD
and full disjunction is cld dornesg (Montgomery & Dragicévic, 2016)

The GCD functions range from fijunction(D)to full conjunction(C) These two operators
NBLINBASYG GKS ftAYAGa 2F D/ 5 gKSNB Hddar RA A 20
low level of andness (Ofyll conjunctionrepresentd  f 2 ¢ f S@St 2F a2NySaaé
2F al YRy Sa&lsin bemieh D i didats different value® T a2 Ny Saaé
GFryRySaaé¢ao Ly G201t [ {t s ddie@achrepieseatiaSificrera ¥ mT
degree of andness and orne&uch levels anttis symbols are shown in Table 2

Operator Symbol Orness Andness Exponent
w a r
Full disjunction {or) D 1000 ] +
D+ 0.9375 0.0625 20063
D+ 0.8750 0.1250 9.521
Partial Disjunction D+ 0.8125 01875 5.802
{orand function) DA 0.7500 0.2500 3.929
D-+ 0.6875 0.3125 2.792
- 0.6250 0.3750 2018
D-- 0. 5625 0.4375 1.4449
Neutrality A 0.5000 05000 1
C-- 0. 4375 0.5625 0.619
C- 0.3750 0.6250 0.261
Partial Conjunction C-+ 0.3125 0.6875 0. 148
{andor function) CA 0.2500 07500 -0.72
C+- 0.1875 0.8125 -1.655
C+ 0.1250 0.8750 -31.510
C4++ 0.0625 0.9375 -9.06
Full compunction (and) C 0 1.000 -

Table2. SPC aggregators{£G) and HPC (€, CA, G+C+, C++) (Dujmovic , De Tre , & van de Weghe, 2010)
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Toimplement the GCD functions into the aggregation structure, Dujmovic proposed several
2LISNF 02NAP® 91 OK 2F (GKSY NBLINBaSyid I RAFFSNB
different exponent (r) value. The exponent r indicates the adjustable degrdes o
andness/orness of the aggregatdfull conjunction (C) and Hard Partial Conjunction (HPC)
operatorsare models of high simultaneity and mandatory requirements, wiigans that

all inputs must be satisfied (at leasif) any input in an aggregated grooppreferences is 0,

the output will turn out O(Dujmovic , De Tre , & van de Weghe, 2080ft Partial Conjunction
(SPChperators area model of simultaneity but its simultaneity level is lower than HPC. The
neutrality aggrgator (A) presents a perfect balance between simultaneity and replaceability

and Disjunction (D), Hard Partial Disjunction (HPD) and Soft Partial Disjunction (SPD) are
models of replaceability symmetrical to C, HPC, and. 8AfC A& (GKS RSOAaA:
responsibility to use the appropriate LSP operators.

Once the aggregator operators are selected, the next stepreate the LSP aggregation
structureis to define the aggregation operations of the structudhen combining two or
more mandatory inputs or twor more optional inputs, eactf the LSP aggregators aggregate
the inputs using the weighted power mean function (WPM)

s DB 0O E e

Where:

GCD= General Conjunction Disjunction

X= Suitabilityscore (from attribute criteria functions)
W= Attribute weight

r= Adjustable degree of andness/orness

When combining mandatory with optional inputs the ConjunctivetiBaAbsorption (CPA)
function must be used

~ ~
(14 3

GOED  p o O p OO T oo

Where:

CPA= Conjunctive Partial Absorption

X= Suitability score input 1(from attribute criteria functions)
Y= Suitability score input 2 (from attribute criteria functions)
W1= Attibute weight of input 1

W2= Attribute weight of input 2

rl= Adjustable degree of andness/orness of input 1

r2= Adjustable degree of andness/orness of input 2

The CPA aggregator scheme operates so that the optional input penalizes or rewards the
overall autput from the combination of mandatory and optional inpu¢Pujmovic J. , 1979)

Another important part of the aggregation structure is the definition of the attribute weights,

Dujmovicsays that there are 3 ways of determmgi such values: using analytical hierarchy
process (AHP), neural networks or using the perceptions of experts (decision maker,
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stakeholders, etc.)Once all the previous steps are completed, the aggregation structure is
ready to be computed into any ogputational package. In figure &n LSP aggregation
structure can be observed.
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The Aggregation Structure shown in figure 6 is an example of how the LSP method analyzes
suitability for a certain location. In this specific céser branches of attributes are taken into
acount: terrain and environment, amenities, accessibility and population. Each branch is
subdivided into several attributes. Taking the égsibility branch as an exampl#, is
subdivided into three attributes: distance to major roads, distance to puldigsiportation

and distance to airport. To obtain an accessibility suitability score these 3 attributes must be
aggregated, in order to do sdistance to major roads and datce to public transportation

are added using the Coperator. These two attribute are added first because they both are
considered mandatory. Afterwards, distance to airport is added, using the CPA function
(aggregate mandatory with nemandatory inputs), therefore operators A and+Care
chosen. Once all these three attributes aregeapated a accessibility suitability scoris
available. To obtain the overall suitability scamrain & environment and amenities
suitability must be aggregated and then population suitability must be obtained and
aggregated to the accessibility scofidien these must be added giving as a result the overall
suitability.

The use of stepvise logic aggregation structure that allows for flexibility through its use of
continuous logic represented in terms of simultaneity and replaceability, and the dbility
include a large number of inputs without loss of significance for any individual attribute are
the features that differentiate the LSP method from any other MCE. However, the biggest
difficulty that LSP deals with is thmmplexity of the model itselivhich asks for a deep
understanding of softomputing concepts.

26

>



Graduation Projeic2017 S. Corrales

3.4 Suitability analysis attributes

In the previous section of this chapter the LSP method was explained. From the creation of
an attribute tree and attribute criteria functions to the desighan aggregation structure that

is used to calculate the overall suitability score of a certain location. In the following
paragraphs, a revision of the commonly used suitability attributeslifferent suitability
analysiswill be presented.

Hatch, et all (2014) usedhie LSP method for the land suitability analysis applied to real
geospatial datasets for new urban residential developments in the Metro Vancouver Region
in Canadaln this study the LSP method was used to determine spatially optiméildosdor

urban residential growth across the regional district of Metro Vancouver. The input criteria
consisted of selected factors and data that influence residential growth. In this specific
exercise 19different elementary criteria divided into 4 aitsute groups were considered to
developthree suitability mapsTerrain and Environment was one of the attribute groups, it
included slope, aspect and elevation attributes. Amenities is othtabate group, itincluded
distance to beach, distance to céadistance to parks, distance to shopping, distance to care
facilities and distance to schools. The third attribute group was accessibility, distance to major
roads, distance to bus lines, distance to light rail, distance to airport and amount of
sustaindle transport are criteria that werencluded in this group. Finally, the fourth group
was population and it included distance residential housing, distance to low density areas,
distance to family areas, population growth and median income.

Montgomery, ¢ all (201§ used the LSP method, using data from Boulder County, Colorado,
USA, to convert agricultural land use for urban development while maintaining enough
agricultural land use to support, local, statewide and nationwide agricultural production. In
total, 15 elementary criteria, divided into 4 categories, were considered to develop the
suitability analysisTerrain: slope, elevation and aspect. Amenities: distance to surface water,
distance to parks and open space, distance to residential housindistashce to agriculture.
Population: price of housing, household income, renting and vacancy. Accessibility: distance
to major roads, distance to employment, population density and distance to existing urban
land use.

Passuello, et all (2012) implementtdte LSP method to define the best agricultural areas for
sewage sludge amendment in Catalonia, Spaimoted 12 different criteria wereoccupied:
distance to urban areagrop type, temperatures, rainfall, texture, pH, metals, carbonates,
organic matter slope, ground water and hydrology were the inputs used in this exercise.

Minardi (2012) used the LSP methtodanalyze suitability areas for urban development in
Bowen Island, Canada. Three domain categories were assigned: site, transportation and
amenties. The attributes slope and aspect were grouped under site, ferry terminal access and
road access were grouped under transportation and coast access and park access were
assigned at amenities

Dujmovic (2010) developed a suitability map using the L&khod to evaluate urban
expansion. On his research attributes were classified in three main branches: Terrain and
Environment, Location and Accessibility and Population and Employment Opportunities.

27



Graduation Projeic2017 S. Corrales

Slope, altitude, orientation of the terrain, proximity f@irest and proximity of lake/river were
grouped into the terrain and environment category. Proximity to interstate highway,
proximity to regional highway, proximity to railway and proximity to airport were grouped
into location and accessibility criteri@ensity of population and proximity to employment
opportunities are part of the population and employment opportunities branch.

An important note of all the previous studies is that none of the authors specifies with clarity

the logic behind their attribte selection neithewhere the elementary attribute criteria was

obtained from. Most of the found research base their suitability analysis on assumptions of
elementary attribute criteria. Dujmovic (2004) says that attribute critasavell as attribute
selectionOl'y 6S Fa&ddzYSR o6FaSR 2y (ofindn d &pekisiohiz y Y I |
can be obtained from the results of a survey, however, Dujmovic warns that, in order to feed

the model with information obtained from a survey, especial attentiorthi® robustness of

such survey has to be taken to avoid bias.

3.5 Conclusions

Chapter 3 was divided in three sections. In the first one Multi Criteria Evaluation (MCE)
methods were discussed. It was stated that such type of decision making approaehes a
useful when omplex spatial decisions had to be taken as well as a short revision of the
literature available of such methods was addresséchm this literature review the Logic

A ¥ 4 A x

{O2NAYy3 2F t NEFSNBYyOS& I LIINEI OKnagadstion. 8 St SO0 SR
Then, a full revision of the LSP method was presented. The concepts of attribute tree,
attribute criteria and aggregation structure were explained, as well as a full explanation of

how a suitability maps is obtained using the LSP approach.

Inthe last section, a literature review of LSP suitability maps was presented. It was shown the
different attributes that several authors used in their research and how, such attributes, were
selected to be part of the analysis.

In followingchapter, a detiled explanation of this research approach will be presented.
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CHAPTER 4

Research Design and
Approach

4.1 Introduction

The scope of this study is the student houdmeationpreferences. This research focuses on

the definition of compi a2 NE YR RS&AANIO6tS 20 GA2y | 040
methodology to pinpoint the best areas to constiuc 8 dzOK RS @St 2 LJYSydasx |
f20FGA2Y FLFEOU2NAR FNBE AYLERNIUFIYyO Ay addzRSyidQa
canbeinclu8 R Ay | | YR &dzesedrah hab yetidéterrhinéd thednmipdrtankes

of location attributes in the housing decision process of students, rathest mioprevious

work focuses on building attributes, such as footprint, amenities, etc.

The metlodology followed in this investigationd ' f A3y SR gA0K GKS NB&S|
and subquestions, therefore the followed approach can be broken down iato parts. In

the very firstsection,tK S ljdzSadA2ya aoéKI G | NB GRBEQE 20H NB
Fo2dziKé |yR aoKIFG Aa GKS fS@St 2F AYIERNIIFyO:
second part othis study relates to the thiréind fourthsub-questorsa 6 K & YSGi K2R
includest £ £ 2F GKS addzRSy ( Qa fsanpdrtaniedefels| SNBIF NS Y OS
dzZaSR (2 RS@OSt2L) I faidgR2&adzA Al a ¥LA $& Siififid B azDKa
following sections of this paper more detailedexplanation of themethodology will be

discussed.
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4.2  Survey design

In order to unerstand vhat location attributes aramportant to students a swey was
prepared, however, an essentistlep of degning a survey is to have a clear ideavbb the

target audience is.For this survey, the main goalas to better understand the location
attributes that matter to students as well as its level of importance, hence one first step
towardsaudience characterization relates toe definition of the student group. PB&Adre
developments designed for a very specific target group: bachemasers and, in some
cases, Ph. D. students, therefore the survey was targeted towards this niche. Another
O2yaARSNYGAZ2Y 2F GKS adz2NBSe 6 a GKS NBALRYR!
had the limitation of being a study for the Netherlands qritys, the survey was designed

for students living in the Netherland€Other characteristics such as gender, age and
nationality were also required in the survegithough, these were not considered for the
audience targeting process because the aim @& thsearch was not to look for specific
preferences of a specific age, nationality or age group; instaatknts as a wholgroupwas
approached.

Once the target audience was specifically delimiték next step followed to create this

NEB & S I shdzfvias to select the attributes that had to bevaluated.Since the main
202SOGAGS 2F GKAA @g2N] NBflFrGSa G2 t20FGA2y |
made to investigate whatategories wereused and under what circumstances. Some
researters used the LSP method to convert agricultural areas into other type of land use
(Passuello, Cadiach, Perez, & Schuhmacher, 2012; Montgomery & DragicéviowRild.6)
20KSNRA YIAYy 202S00A gpmensor radevsBpimenputpBsesHatchdzND Iy
5 5N} IAOSPOAE I 9 5dz2Y2Q0A03X HamnT 5dz2Y2Q0A0 =
Because of the nature of this report, authors that addressed urban development issues are of
higher interest. In the research performed by these authorsir foriteria categories are
commonly found (in some cases are combined): terrain, accessibility, amenities and
population.In the Terrain branch attributes like slope, aspect, elevation and orientation could

be found. In Accessibility distance to main roalss stops, train station, airport and ferry

were considered. In Amenities distance to beach, coast, parks, shopping areas, health care,
schools, forest and lakes were taken into consideration. In the Population criteria, attributes

like distance to resiential housing, family areas, population density, median income,
population growth and employment could be found.

C2NJ GKAAa NBaSINOKQa adz2NwSeész || aStSOGA2Yy FTNRY
were selected: Accessibility, Amenities ang#ation. The Terrain category was not chosen

because such characteristics are dependegpbn the construction process rather than the
a0dzRSYyiQa LINBFSNByOSa |yR o6& FRRAYy3a GKSY (K
However, it must be notethat suchcriteria is importantf the decision maker is looking for

specific environment characteristics. For instance, if a project is deemed to be built on a
location with certain slope and certain orientation, it would be important to add these
constraints intathe suitability analysis

Regardingttribute criteria, for the Accessibility branébur attributes were chosen: distance
to bus stops, main roads, train stations and airport. Such attrbomereselected because it
reflects the majority of the transpt means used in the NetherlandBrams and ferries were
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not considered because they are not available in the entire country. For the Amenities
attributes, six were considered: distance to green areas, supermarkets, sport facilities, health

care centersgity center and universities. Such selection was based on the literature regarding
student housing and PBSA in which it is stated student preference over certain amgraties

Roche, Flaningan, & Copeland, 20Hipally, the Bpulation criterion takes into account two

attributes: population average age and densiBuch attributes werselected because they

reflect general characteristics of the social environment and they have been used by other
authors in urban development afysiso | G OK = 5N} 3A06SOA0G I 3 5dz2Y
Tre , & van de Weghe, 2010)

Once the attribute and criteria were specifietigt next steps of the survey design had to be
conceived together with the MCE method chosen to make a suitability anaBepending

on what MCE method was selected, was the type of questions that had to be incorporated

into the survey. In this research, the MCE methodology chosen was Sagiring of
Preference (LSP) because of its ability to mimic the human way of matagjons which

incorporate objective and subjective factors without losing attribute significance. Also, this
YSGK2R KlFa GKS OFLI OAGe (2 | yadégSadtlonsKAad NBASH

The second sulguestion of this research was related to thevél of importance of the

location attributes. Acording to the LSP methodologige criteria previously defined must

be classified into mandatory and nemandatory but desirable attributesvhich tackles the

second subguestion therefore in the first sen of the questionnaire it was asked to
respondents to arrange the attributes list into three categories: mandatory;mandatory

but desirable and not taken into consideration. The last level deviates from the typical LSP
approach (2 categories) butwas implemented to measure the relevancy of the attribute

into the studenf decision therefore validating the importance of the selected attributes,

which directly tackles the firstsdpdzS&a G A2y 2F (KA & NBaSFNOK agKI
thatstdzRSy G Q& Olh figlre 7suthetaikiikdepicted.

During the period of time when you were looking for accommodation there were certain location attributes that you might have looked for. From the
following attribute list, what was the relevancy of each into your decission process?

High Relevancy=Mandatory

Medium Relevancy= Non Mandatory but Desirable

Low Relevancy=Not Taken into Consideration
Mandatory Mon Mandatory but Desirable Not Taken Into Consideration

Distance to Bus Stop

Distance to Main Road

Distance to Train Station

Distance to Airport

Distance to Green Area

Distance to Supermarket

Distance to Sports Facility

Distance to Healthcare Center

Distance to City Center

Distance to University

Population Average Age in de Area

Population Density in the Area

Figure7. Mandatory, noamandatory and not taken into consideration classification criteria
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The next step to implemerthe LSP method refers tile definition ofthe attribute criteria.

An atribute criteria reflectsthe RS OA AA 2y YI 1 SNR& NBIjdZANBYSy da i
theserequirements are expressed as functions that show the leveht§faction with each

attribute. Since attribute criteria is expressed itma axis chart, the information that feed

such plot must bebtained in two different sections of the survey.

¢tKS GE¢ IEAA 2F GKS | NBAND YHSYy Do (§ SN & dzZO K1 ded
it depicts the actual situation afhe student.In this survey, it was possible to combine
accessibility and amenities questions into one section of the survey, however, due to the
nature of the answers, the population categdmad to be set in two other levelsf the
guestionnaire. Such divisisiganbe seen in figure 8, 9 and 10

Taking your current acommodation location as basis, how long does it take to get by bike to the following destinations?

< 5 Minutes 5-10 Minutes 11-15 Minutes > 15 Minutes | Don't Know
Nearest Bus Stop ®
Closest Main Road L)
Nearest Train Station ®
Closest Airport
Nearest Green Area L)

Closest Supermarket
Nearest Sports Facility
Closest Healthcare Center
City Center

University

Figure8. Survey: travel times

Taking your current acommodation location as basis, what would you say is the average population age in your neighborhood?

® Young Adults (18-30 years, students, young professionals and young couples)
Middle Age Adults (30-50 years, couples, families)
Senior Adults (=50 Years, retirees)
| Don't Know

Figure9. Survey: neighborhood average population age

Taking your current acommodation location as basis, what option would better describe the average population density in your neighborhood?
Low

® Medium
High
| Don't Know

Figurel0. Survey: neighborhood average population density

It is important to note thath y | £ € (GKS LINBGOA2dza jdzSadAz2ya 27F
option was included. This addition deviates from the regular LSP approach, however, it was
included in the survey to motivate respondents to continue with thereise.

wS3aAF NRAY3I (GKS aé&é | EA iarefé@sho thieutabilitpfihsattdbded. S O NA
Ly GKS LI NIGAOdz NI OFLasS 2F (KAA NBaSIFNOKQa &
high satisfaction level reflects a high inpuitability. To evaluate satisfaction a 5 levetale

was implemented, this scale ranged from very dissatisfied to very satisfied, going through
dissatisfied, neutral and satisfiedtegorie® 5dzS (G2 (GKS Ay O2NLIRZ2 NI GA2Y
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option in the previous sectiorof the surveyit was irremediabldgl 2 + RR! LILJab @lGo t S ¢
level. In figures 11, 12 and $8ch scale is shown:

According to your previous answers, what is your satisfaction level regarding those travel times?
If in the previous question you filled in the "l don't know option”, select "Net Applicable”
Very
Dissatisfied Dissatisfied Neutral Satisfied Very Satisfied Not Applicable

Nearest Bus Stop O
Closest Main Road O
Nearest Train Station O
Closest Airport O
Nearest Green Area O
Closest Supermarket O
Nearest Sports Facility O
Closest Healthcare Center O
City Center O
University ®

Figurell. Survey: travel times satisfaction

According to your previous answer, what is your satisfaction level regarding the average population age in your neighborhood?
If in the previous question you filled in the "l don't know option”, select "Not Applicable”

Very Dissatisfied

Dissatisfied

Neutral
* Satisfied

Very Satisfied

Not Applicable

Figurel2. Survey: neighbortam average population age satisfaction

According to your previous answer, what is your satisfaction level regarding the average population density in your neighborhood?
If in the previous question you filled in the "l don't know option", select "Not Applicable"

Very Dissatisfied

Dissatisfied

Neutral

Satisfied

.

Very Satisfied
Not Applicable

Figurel3. Survey: neighborhood average population density

The next section of the survey relates to the additive structure of the LSP method; the
preference aggregation structure aggregatdkthe elementary preferences and returns as
result the overall suitability of the input. The way the structure worksither using a WPM

or a CPA function, which require input of weights that tell the system which attributes have a
biggerimpact in tie overall suitability score.

Accordingto Dujmovic, there are three wayef calculating such aggregative weights:
implementing AHP, neural networks or by perception of experts. The AHP was the method
selected due to its relative easiness to implement,vadl as its capacity to determine
consistency ratios, which would help to determine valid and invalid respondents.

AHP requires definition of decision hierarchy and pairwise comparison matrices, hence the
pairwise comparison in the survey was made ite&ls, in the first one amenities were
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compared between themselves using a 7 categories evaluation arrangement (very strong,
strong, slight, equal, slight, strong and very strong), then population and finally accessibility;
afterwards a comparison betweethe 3 main ategories was made. In figure lhe

accessibility comparison matrix is shown

In your opinion, how the following accesibility attributes compare?

Very strong Strong slight Equal slight Strong Very strong

Distance to Closest Bus Stop
Distance to Nearest Train
Station

Distance to Closest Bus Stop

Distance to Nearest Main
Road

Distance to Closest Airport

Distance to Nearest Train
Station

Distance to Nearest Main
Road

Distance to Closest Bus Stop

Distance to Nearest Airport

Distance to Closest Train
Station

Distance to Nearest Main
Road

Distance to Closest Airport

Figurel4. Survey: accessibility attributes

It is important to clarify how a comparison matrix is read, for instance, the first codple o

attributes that are compared in figure 4NBE G RA &Gl yOS
YSENBald YFIAY NRBIRéd C2N GKAa
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closest bus stop had a much higher importance for him than the distarnte toearest main

NEIFRXZ KSyOS GKS fSFi adSNE
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The final section of the questionnaigddresseghe profile of the respondents; as was
mentioned before, this survey was intended towards a specific group of people and the whole
purpose of the last section is to confirm such profile, as well as trying to capture data that
might indicate a certaitrend. In this part of the surveyge, gender, nationality, edational

level and zip code wenequired.

4.3 Tilburg suitability analysis

As it has been stated before, the MCE method chosen to develop a suitability analysis of
& (0 dzR Beatip@@references is LSP. LSP requires inputs of attributes, attribute criteria and
attributes weights, such inputs are intended to be obtainezhi the designed survey.

In the proposedquestionnaire, twelve major attributes were addressed; the best way to

analyze the status of such attributes is by implementing geographic
analysis where it is possible to observe the licd 2y | Y R
preferences.

information systems data

I g Af oAt AGE 2

To be able to implement GIS data, a case study must be carried out. In the Netherlands there

are several student cities that have an increasing student market

from botbrads and

foreigners;acmrding to some private consultancy agencibs student population growth

g2y Qi ad2L) Ay GKS ySI NJ ¥Fdzi dzZNB ®

CKA& aAalddzZ GAz2
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housing market which have detonated the construction of several PBSA developments all
around the Netherlands.

Figurel5.t . { ! Q& Ay ((BaSills W8rill ReSeafct, J0RGH

In figure 15it is possible to notice the amount studentbeds that were delivered during
2015 and 201@s well as the projection of beds that will be delivered in 2017 and 2018, these
numbers are based on the volume of approved/under construction projects in Netherlands.
From this statistic it stands out the fact that in the city of Tilburg, not any iner@ashe
supply of beds is projected.

Tilburg is the B largest city in the Netherlands in terms of populatiaith over 200,000

habitants (NUFFIC, 2018 the city there are 3 universitie applied sciencesTilburg

University, Avans Hogescholen aRdntys. Togther, these 3 schools gather over,Q@0
students(NUFFIC, 2016l is interesting to nate that even when Tilburg has threeajor
universities,and according to some private consultancy firms, the number of students in

these universities igxpected to grow in the upcoming yeaf€BRE, 2015; Savills World
Research, 2016) KSNB | NB y2 Ay@gSadyYSyid LIl yathd2 RSO
city of Tilburg was selected as a case studio for devejppirstudent housing suitability

analysis and as of consequence, a suitability map.

MCE methodsare a very specific type of spatial decision support systems that have the ability
to provide complex tradeff analysis between choice alternatives with mangfedent
factors. When criteria and weights are optimally specified, these MCE methods are powerful
tools that allow decision makers to explore, structure and solve complex spatial problems
(Laskar, 2013)

The objective of MCEethods is quite simple, they target to get an optimal solution under a
set of predefined factors and constraints for analyzing complex tidtiebetween different
alternatives. In the past, they have been used for spatial optimization models duesiteits
specific evaluation capacify.askar, 2013)
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The Logic Scoring of Preferen@ssSP) is a multriteria evaluation method that aims to
analyze complex tradeffs based on accurate modelling of the human evaluation reagpni
The main difference of LSP against any other MCE method is its ability to use any number of
input attributes, and generate a resulting suitability score without decreasing the significance
of each attributed 5 dz2 Y 2 @ A & \Fan de SVeghd\ BO&8) other words when using LSP

is possible to compute mandatory and norandatory but desirable attributes without
degrading the significance of the mandatory featureSP is able to model and evaluate
different levels of simultaeity and or replaceability, this specific feature of this MCE method
mimics ubiquitous components of the human evaluation reasoning wireates a decision
process map that resembles m&to how humans make decisio(Bujmovic, De Tre , & van

de Weghe, 2010)

The fact that it is possible to compute n number of attributes without degrading the
significance of certain attributes is the main advantage of implementing the LSP methodology,
and it is also the reason why it was s#kxl as the methodology to perform a suitability
analysis of student housing in the city of Tilburg

The software used tdevelop such suitability analysis were EARCGIS and IDRISI SEOWA.

one hand ESFARCGIS was chosen due to its moderately singyleut and easiness to
perform calculations; on the other hand IDRISI SELVA was selected to handle certain
situations that ESFARCGI® not able to perform, such tasks involvaassification of areas
according to a specifimathematicafunction, which @nnot be done in ESRRGIS.

4.4 Conclusions

In the precedent paragrapha,detailedexplanation of the research approach waade The
methodology followed was determined based on the research main questions and sub
guestions.

During the first sectio of this chapter two topics were addressettie identification of
f20FGA2Y FIFOG2NER GKFG I NBE NB fa@altoyndludé thesed (0 dzR Sy
attributes in a land suitability analysis. It was decided that the best approachyndesignig

a survey in which certain locationiatNA 6 dzi Sa ¢SNB aSt SOGSR o6l aSR
This resulted in a selection of 12 attributes grouped into 3 criteria: Accessibility, Amenities

and Population.

The survey was divided into 3 parts; in thetfbne the importance level of each attribute was
asked to respondents as well as travel times to certain important locations and perceptions
of their neighborhood. It was also asked the satisfaction level towards those locations and
perceptions. In the econd section of the survey respondents weexjuestedto make
comparisons between all the attributes to understand the importance relationship between
these and, as of consequence, obtain attribute weights. In the last part, characteristics of the
responcent were asked to validate the target audience of the questionnaire, as well as trying
to identify trends.
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In the second section of this chapter it was discussed the LSP method as the approach to
RSOSt 2L I adzaA Gl oAt Ale Il fTRisSScRydavasBaddtedtbechuseQ d Ay
of its relatively highnumber ofinhabitants and students, as well as for its minimal PBSA
investments, which might represent an opportunity for investors and the mualitypto

attract more studentsin the next chater an overview of the results of the survey will be
presented.
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CHAPTER 5

Data Collection

5.1 Introduction

As explained previously, in ord&B I OK (i K Sobjétit/éis & BuNEyKvEsiprepared. The
importance of the survey relies on the results of it. The data acquired during this procedure
will serve as input for the LSP method, which eventually will produce a suitability map for
t. {! Qa Ay (KB th©bliowing pafagraphsf thedasiltsPof the survey will be
shown and discussed

This chapter is divided in five sections. In the first one, sample demographics are shown to
understand who the respondents are. Then the level of importance of the cmdpa
FOGONROGdzIS&a A& LINBASYUSR® ! FGSNBIFNRA || RA&Odza
followed by the neighborhood characteristics results. Finally, the attributes comparison
results are presented in the fifth section of the chapter.

5.2 Sample demographics

Oncethe surveywas dully prepared, it was distributed among students. There were 2 main
methods used to distribute the survey: peer to peer distribution (providing a link) and social
media posts. The survey was created on the TU/e Bgsiem and it was available from April
11" to May 23" 2017

During that period of time 1453 people logged into the system and 509 completed the survey,

which represents a 35% response rate. The very first question of the survey had the objective
of being afilter; it was asked if the person was a student or not, if the response was affirmative
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GKS aeadasSy Itt26SR G2 O2ydAydzS 6A0K GKS adzNI
automatically directed the respondent to the end of the survey. Henoep fihe 509 people
who completed the survey 497 were students.

As it has been stated previous sections of this repqran LSP analysis was made based on
the results obtaied from the survey. One step dhe LSP methodology requires the
calculation of tke attribute weights. Dujmovic (2008) establishes that there are three ways
for obtaining such weights: AHP, neural networks and opinion of experts. For this research
the AHP method was selected to obtain the aggregating weigbtause of its facility and
simplicity to implement.

The AHP is a method, first proposed by Saaty in 1980, in which decision makers systematically
evaluate various attributes by comparing them to each other; the method converts these
evaluationgo numerical valuefrom which a numacal priority or weight is derived for each
attribute (Alonso & Lamata, 2006An important concept of the AHP relates to the
consistency of the results. Saaty proposes a method to evaluate for consistency of the results,
in which three concepts are involved: consistency ratio (CR), consistency index (Cl) and
random index (RI). Teonsider any results valid, Saaty argues that only a comparison matrix

is consistent if CR < 0.1. A more detailed explanation of the consistaimjation can be

found in chater 3.

Regarding the survey results, the AHP was used to analyze one part of the data. From this
analysis a consistency calculation was obtained, from which 133 respondents turned out to
KF@S [ wQa KA 3IKSNJI dsiits had to lse memovedSrgndtiie anakySsi Gnly NJ
removing these results from the AHP part of the survey is not pods#uiause having results

from two different samples would introduce bias in the resuterefore, the datdrom these

133 respondents waremoved entirely from the analysi$herefore, for this researgliata

from 364 respondents was used.

From the 364 valid input®19 were made by man and 145 by woman, whichresents a
distribution of 60% and 4® respectivelyln figure 16a detailed ample gender distribution
is shown.

GENDER DISTRIBUTION

Man
39,84%

60,16% Woman

Figurel6. Corrected Gender Distribution
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With reference to age groupthe sample ranged whtparticipants from 17 to 38 years old

AGE DISTRIBUTION

0%

= <18
=18-20
m21-25
26-30
= >30

Figurel7. Corrected Age Distrniltion

Figure 17epicts the sample age distribution, where it is possible to see that the majority of
respondents are around 225 yeas old. The 25% of the sample were respondents around

18-20 years old and 16% had around3®years old. There was a sigloup of respondents

that were over 30 years old as well.

AstoSRdzOF A2yl f fS@St NBaLRyRSyda 6SNB NBIAAD
20KSNJ KIfF 0L Th&BhD eedhbhdentd iesaRirSay, (i &

OCCUPATION
DISTRIBUTION

1,10%

= Bachelors
= Masters

= PhD

Figurel8. Corrected Occupation Distribution

s

With regards toil KS NBaLRyRSyidiQa ylLaA2yFrftAGASaY GKS
Indians, Mexicans, Chinese andi#iak. In total the sample is shaped wittspondentsrom
42 different countries.
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NATIONALITY
DISTRIBUTION
= Dutch
= Chinese
R~
7,14% Italian
= Mexican
3,02% = Other

Figure19. Corrected Nationality Distribution

As it was stated before, the sample is shaped with 364 inputs. From these 364 respondents,
60% were males and 40% females. Even though such distribution is fine, it would have been
better to achiee a 50/50 distribution to avoid gender bias. Regarding age distribution, the
results were as expected, with the majority of respondents being within théd®2¢ears old

range followed by the 120 and the 2630 years old group. This distribution is in aclamce

to the occupation distribution where almost half of the respondents were registered at a
bachelors program and the other half aal & ( @Bdgd@ms hence it be said that the target
audience was reached (masters and bachelors students). Finally, thieonationalities, a big
proportion of the sample are Dutch, followed by several other nationalities groups.
Unfortunately, the sample is too small to show any trend related to any other nationality
apart from Dutch.

5.3 Mandatoryness and nommandataryness of attributes

In the first section of the surveyespondents were asketb classify different location
attributes into three different categories: mandatory, nomandatory but desirable and not
taken into considerationSuch classification is reiged by the LSP methodologyrom the

364 valid questionaires the results are sk in table 3 where all the assessed attributes
are grouped in the left column starting by Accessibility (4 attributes), Amenities (6 attributes)
and Population (2 attribute)
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NON NOT TAKEN INTO
ATTRIBUTES MANDATORY|
MANDATORY| CONSIDERATION
BUS 5TOP 21.15% 44 78% 34.07%
MAIM STREET 10.20% 37.10% 52.70%
TRAIN STATION 39.29% 47 25% 13.46%
AIRPORT 1.60% 12.40% 86.00%
GREEN AREA 8.50% 41.80% 49.70%
SUPERMARKET 59.90% 32.40% 7.70%
SPORT CENTRE 17.30% 47.30% 35.40%
HEALTH CARE 6.00% 28.60% 65.40%
CITY CENTER 47.80% 43.40% 8.80%
UNIVERSITY T8.60% 158.40% 3.00%
NEIGHBORHOOD 3.80% 19.00% T7.20%
AVG AGE
NEIGHBORHOOD
4.40% 17.90% TT.70%
AVG DEMSITY

Table3. Mandatory, noamandatory and not taken in consideration results

In the previous table, theesults from thek (i G NA 6 dzii S Qelelskuéstigndlard: sio@rs

{ dzOK NBadz Gda I NBE NBI R | dasdoasidéret by of tkeSanipléd G NRA o
as a mandatory requirement, 45% considered it as amandatory attribute and for the

remaining 34% it was not even taken into consideration. Such reading procedure applies to

all other attributes. In chapter 6 it wile explained the considerations made to claim the
importance level of each evaluated attribute.

5.4  Accessibility and amenities

Afterwards, a status quo evaluation was made. In this part of the survey bicycle travel times
to several interest points weraskedRespondents were requested to validate a travel time
class to the Accessibility and Amenities itites of the survey. In tablethe results of such
requestcan be seen

ﬁ;’;ig <5 MINUTES | 5-10 MINUTES | 11-15 MINUTES| > 15 MINUTES | | DON'T KNOW| TOTAL
BUS STOP 318 30 6 1 9 364
MAIN STREET 200 38 12 4 10 364
TRAIN STATION 100 134 85 42 3 364
AIRPORT 1.0 0.0 18.0 281.0 64.0 364
GREEN AREA 199 98 32 10 25 354
SUPERMARKET 207 58 4 3 2 364
SPORT CENTER 115 121 77 26 25 364
HE?:LELHTE:RE 59 105 78 47 75 354
CITY CENTER 96 137 &1 45 4 364
UNIVERSITY 55 107 112 84 E 364

Table4.Travel times results
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Table 5 can be intpreted as follows: regarding bus stops, 318 respondents assured that the
closest bus stop to their home is less than 5 minutes away by bike, 30 said that it was around
5-10 minutes away, 6 affirmed that it was around-13 minutes away and 1 estimates that

is further than 15 minutes by bike. From the 364 respondents, 9 claim not to knobikbe

travel time to the closest bus stopn important consideration of table 5 is in regards to the

alL

R2y Qi

1y26¢

to promote respondents to keep answering the survey while mitigating their stress levels if
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1y29

idKS

Also, in this section of the questionnaire satisfaction levels related¢b tsavel times were
measured. In table Ssatisfaction levels are depictedAs in the previous table, the
interpretation of such array is as follows: regarding bus stops, 7 people are very dissatisfied
with the travel time towards this accessibility aktute, 10 are dissatisfied, 28 aneutral, 71
are satisfied,234 claim to be very satisfied with the bike travel timed 14 respondents

I y&dasSNBR
people that in the previousSOU A 2 Y

ayz2a |

Of  aad { dzOK lyds, JioweRey it Wwasiadde@ i NI |
FyasgSNI F2NJ Fye 2F GKS |

LILX AOFo6fSé¢d ¢KS ayz2d | LILI AOF
FyYyasgSNBER daL R2y Qi (y26¢:

observe that the amount of respondents that selected the not applicable class is different to

the number of people who selected th&I2 y Q

ly2e9

2. Thils Kligfeyenck gan el 6 £ S

explainedby the fact that respondents did express a satisfaction level towards certain
attributes even if they did not know the travel times towards such attributesice versa.

POINTS OF VERY VERY NOT
INTEREST DISSATISFIED DISSATISFIED NEUTRAL SATISFIED SATISFIED | APPLICABLE TOTAL
BUS STOP [ 10 28 71 234 14 364
MAIN STREET 7 4 50 90 190 23 364
TRAIN STATION 9 22 56 122 152 3 364
AIRPORT 11 10 133 7 62 71 304
GREEN AREA = 13 52 145 116 20 354
SUPERMARKET 6 ] 23 92 234 3 34
SPORT CENTER ] 23 [ 123 109 28 364
HEALTH CARE 8 9 104 104 75 G4 364
CENTER
CITY CENTER 4 26 45 135 149 5 3pd
UNIVERSITY 14 36 57 123 129 364

Tableb. Travel times satisfaction results

In chapter 6, hese results will be further discussed and certain assumptions will be made to
use them as inputs for the LSP method.

5.5

Population

Because of the nate of the questionsaccessibility and amenitiegtributes were combined
into two questions Howeve, the population attributes wer@assessed in different questions

in the survey
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Respondents were asked abotlteir perception regarding their neighborhood average age,
as well as the average density table 6 and Tespondents impressions are shown:

AGE GROUP COUNT
YOUNG ADULTS 135
(18-30 YEARS)
MIDDLE AGE
ADULTS (30-50 183
YEARS)
SENIOR ADULTS 1
(50 YEARS)
| DON'T KNOW 33
TOTAL 364

Table6.Neighborhood average age results

DENSITY COUNT
LOW 18
MEDIUM 223
HIGH T4
I DON'T KNOW 49
TOTAL 364

Table7. Neighborhood average density results

From table 6it can be understood that 135 respondertdisim to live in an area where their
neighbors are young (180 years), 183 said that they live in a location with middle age (30

50 years) people, 13 expresses that their neighbors are seniors (>50 years) and 33 replied the
2LI0A2yé D |
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to motivate respondents to finish the survey. Regarding neighborhood density, most of the
respondents clemed to Ive in a medium density area, while 74 said that they live in a high
RSYaauew.t 20F GA2Y
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In the next section of the survey, the satisfaction levels towards average neighborhood age
and densitywere requested. Table hows the population attributes satisfaction levels.

POINTS OF VERY VERY NOT
INTEREST | DissaTisfiep | D1PSATISFIED | NEUTRAL | SATISFIED | o\ risriep | appucasie | TOT0%
AVG AGE B 15 144 128 36 35 364

AVG DENSITY 2 11 138 138 31 44 364

Table8. Neighborhood satisfaction reds
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Just as in the previous satisfactignestions, table & read as follows: regarding average age,

6 people claim to be very dissatisfied, 15 dissatisfied, 144 neutral, 128 satisfies, 36 very

Al GAAFTASR YR op FyasSNBR deygshilty and Aderities 6 f Sé
satisfaction assessment, the not applicable class was incorporated so respondents, that
aSt SOGSR UGUKS 4L R2yQlU (y29 2LIA2yeée kg GF of S
ydzYo SNBA 06Si6SSy GKS aL RPYVYOGSEyPDbtaaglk REKSY
difference can be explained by the fact that respondents did express a satisfaction level
towards certain attributes.

In chapter 6, these results will be further discussed and certain assumptions will be made to
use them as inputs for the LSP method.

5.6 Attributes comparison

In the following section of theguestionnaire, pairvéie comparisons between selected
attributes were nade, the objective of doing such pairwise comparisaas to obtainthe
aggregative weightsvhich indicate the importance of each attribute within the decision
process.

As it was mentioned before a 7 levels scale was proposed, this scale ranged from very strong,
strong, slight, equal, slight, strong and very strong. Unfortunately during theegwading
process an error was made and the system did not made a distinction between the very strong
and the strong category, therefore the 7 levels scale was converted into a 5 level scale (the
very strong and strong categories were combined dmelrtertries were added up). In table

9 the results from comparingccessibility attributesre presented:

DISTANCETO STRONG SLIGHT EQUAL SLIGHT STRONG DISTANCETO
BUS STOP 179 58 76 26 25 MAIN ROAD
TRAIM STATION 133 64 69 41 37 BUS STOP
BUS STOP 283 43 29 E 4 AIRPORT
MAIN ROAD 27 23 44 52 218 TRAIM STATION
AIRPORT 14 18 b3 84 185 MAIN ROAD
TRAIN STATION 304 38 20 1 1 AIRPORT

Table9. Accessibilitpairwise comparison results

Table 9shows the accessibility pairwise comparison results, such compangers made
between attributes of the same class (accessibi#ysus accessibility). Tablec@n be read

as follows: regarding distance to bus stop and distance to main road, 179 respondents said
that a bust stop is strongly more important than the distarto a main road, 58 claimed that

the bus stop is slightly more important, 76 assured that they are both equally important, 26
said that the distance to a main road is slightly more important than the distance to a bus
stop and finally, 25 people said thiie main road was more important. From this comparison

it can be concluded that students consider that the distance to a bust stop is more important
than the distance to a main road. In chapter 6 the interpretation of such results will be further
explainal to be used as inputs for the LSP method.
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The next attributes tde compared were the amenitie3able 10presents the accessibility
attributes comparison. This comparison was made between attributes of the same class
(amenities versus amenities). Th@mparison table can be read as follows: when comparing
green area versus supermarket, 10 respondents said that the green area was strongly more
important than the supermarket, 14 said that it was slightly more important than the
supermarket, 36 said thahey were both equally important, 63 claimed that the supermarket
was slightly more important than the green area and 241 expressed that the supermarket was
AGNRy3Afte Y2NB AYLERZNIIYyG GKFy Fyeé 3INBSY | NBIF @
students prefer having a supermarket nearby than a green area. In chapter 6 the
interpretation of such results will be further explained to be used as inputs for the LSP
method.

DISTANCETO STRONG SLIGHT EQUAL SLIGHT STRONG DISTANCE TO
GREEN AREA 10 14 36 63 241 SUPERMARKET
SPORT CENTER 90 80 63 63 68 GREEN AREA
GREEN AREA 112 85 77 57 33 HEALTH CARE CENTER
CITY CENTER 199 66 a7 27 25 GREEN AREA
GREEN AREA 14 17 33 51 249 UNIVERSITY
SUPERMARKET 239 71 34 13 7 SPORT CENTER
HEALTH CARE CENTER 1 6 23 30 284 SUPERMARKET
SUPERMARKET 114 105 96 29 20 CITY CENTER
UMIVERSITY 69 63 80 74 78 SUPERMARKET
SPORT CENTER 116 30 104 40 24 HEALTH CARE CENTER
CITY CENTER 153 30 58 41 32 SPORT CENTER
SPORT CENTER 14 16 72 60 202 UNIVERSITY
HEALTH CARE CENTER 15 13 37 89 210 CITY CENTER
UMIVERSITY 264 50 25 18 7 HEALTH CARE CENTER
UMIVERSITY 97 91 100 40 36 CITY CENTER

Table10. Amenitiespairwise comparison results

Populaton attributes were also compared. Since just two population attributes were
considered, the comparison table of these attributes is yagsiimple. Table 1§hows such
comparison, where 34 respondents argued that density is strongly more important than age
53 said that density was slightly more important, 161 expressed that both attributes are
equally important, 58 said that age was more important than density and finally, 58 claimed
that population age was more important than density. From this tableut lse concluded

that both attributes have relatively equal importance for respondents, although, it could also
be argued that population age might be more important to students than population density
In chapter 6 the interpretation of such results wi# burther explained to be used as inputs
for the LSP method.

CHARACTERISTIC STRONG SLIGHT EQUAL SLIGHT STRONG CHARACTERISTIC

POPULATION DENSITY 34 53 161 58 58 POPULATION AGE

Tablell. Accessibility pairwise comparison results

Once all the attributes were compared, the aggregative weights oflifierent criteria had
to be obtainedIn orde to getthe aggregative weight of each class, a comparison of each was
made.
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CATEGORY STRONG SLIGHT EQUAL SLIGHT STRONG CATEGORY
ACCESSIBILITY 82 82 111 61 28 AMENITIES
ACCESSIBILITY 205 89 47 13 10 POPULATION

POPULATION 22 19 74 95 154 AMENITIES

Table12. Criteria pairwise comparison results

Table 12epicts the results of the criteria comparison. When accessibility and amenities were
compared, 82 respondents said that accessibility was strongly more important than
amenities, 82 claimed that accessibility is slightly more important,eiitessed that both
classes are equally important, 61 said that amenities were more important than accgssibili
and 28 said that amenities are strongly more important. From such comparison, it is possible
to conclude that accessibility has a higher aggregative weight than amenities. This logic was
applied to the three comparisons made. . In chapter 6 the intagtien of such results will

be further explained to be used as inputs for the LSP method.

5.7

Conclusions

In the previous paragraphs an overview of the survey results was shown. These results will
FylfeaAaa

serve as inputs for the LSP method to develop a siitdbii &

Tilburg.

T2NIt

Regarding sample demographitise majority of respondents were man. Age in the sample
ranged from 1830 years old, however most of the respondents were aroun@2 ¥ears old.

G SAOKSNI
when the survey was completed; about nationalities, the majority of respondents were

As intended, most of the sdndf S

Dutch.

g1l a

NEIA&GISNBR

About the importance levels of the attributes, respondemtaimed different mandatory
levels for diferent attributes, however, the interpretation of such results to be used as inputs
for the suitability analysis will be made in chapter 6.

With regards to travel times, respondents were asked to indicate bicycle travel times to
certain destinations. 5 tagories were created: <5 minutes;1® minutes, 1415 minutes,

bwmp

YAy dzi §&

I Y R

L

R2y Qi

1y26d

fill in their satisfaction level with those travel times. 7 satisfaction levels were created for such
purpose: very dissatisfied, dissatisfied, neutral, satisfied, very dissatisfied and not applicable.

Results obtained from this section will serve as ingatgshe LSP method.

Because of the nature of the Population criteria, its evaluation had to beerrad separate
section of the survey. Therefore 3 tables were created. In the first one respondents were
asked to classify their neighborhood average age according to their observation, in the second
they were asked to assess the population density anthénfinal section, a satisfaction
assessment with those attributes were made. Such satisfaction assessment was made using
the same satisfaction levels than in thecessibility and amenitiesection.
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In the last section of the survey, a comparison betwége different assessed attributes was
made. It is important to note that such comparison was made only between attributes of the
same class (accessibility versus accessibility, etc.) and, afterwards, all the classes were
compared. By doing this, aggreget weights can be calculated and its use will be explained

in chapter6.

In the following chapter, the implementation of the LSP method will be explained. Such

implementation will be done based on the data acquired in the survey which has been
discussedn this chapter.
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CHAPTER 6

Logic Scoring of Preferences
Implementation

6.1 Introduction

LSP is a MCE method that enables the decision maker to compute many atribitene
decision making tool without losing significance of the inplrighe following sectionsf this
chapter each step of this methodology implementation will be discussed.

In the first section of this chapter the creation of the LSP attribute tweall be argued,
followed by the LSP attribute criteria where data acquired in the survey will be used to
generate the attribute criteria. In the third section the LSP aggregation structure will be
created and inhe last part of this chapter BBSA suitality analysis inhe city of Tilburg will

be created.

6.2 LSP attribute tree

According to Dpmovic, the very first step to implemettie method is to arrange the decision
attributesinto an attribute tree that reflects the importance and relevancyeath input.

During the data acquiring process, respondents were asked to classify into 3 categories
(mandatory, noAamandatory but desirable and not taken into consideratiahjferent
location attributes according to their own beliefs. The resuftswah conparisons are shown

in table 4.
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Based on Dujmovic methodology, these decision making factors must be arranged into an
attributetreel OO2 NRAY 3 (2 GKSANI OFGS3I2NRT FiA2YZT 6KS|
AY L2 NI WASSREGYy22NE ¢ YRRBRANS A &P E 26 AYLER2NIFYOS |
O2yaARSNIGA2y658z2%2 NG NBH Sy ORB Z. Oe cauld gverRS 2 S -
FNHBdzS GKIFG FOdGNROdziSa ff20F0SR Ay GKS ayz2i
taken out from the attribute tree.

In this step, the decision mak@mole is to decide how to classify the data. On one hand it is
possible to take a deterministic approach and decidirapdatory and noamandatory levels

of attributes according to the da distribution, where the highest percentage category would
determine its classificatiamAccording to this approach the attribute classification would be

like it is depicted intable 8 ¢ KSNB YI yRI (2 NE A amahdGtadNGy 3 Sy G SF
Gbaé¢ MHyRIYBSY Ayli2 O2yaARSNIGA2Yy dabe¢L/ £d

ATTRIBUTES MANDATORY NON NOTTAKEN INTO CLASSIFICATION
MANDATORY | CONSIDERATION
BUS 5TOP 21.15% 44 78% 34.07% MM
MAIN STREET 10.20% A7 10% 52.70% NTIC
TRAIMN STATION 39.29% 47.25% 13.46% MM
AIRPORT 1.60% 12.40% 86.00% MNTIC
GREEN AREA 8.50% 41.80% 49.70% MNTIC
SUPERMARKET 59.90% 32.40% T.70% M
SPORT CENTRE 17.30% 47.30% 35.40% MM
HEALTH CARE 6.00% 28.60% 65.40% MNTIC
CITY CENTER 47.80% 43.40% 8.80% M
UNIVERSITY 78.60% 18.40% 3.00% 0]
NEIiI:LI?SG‘::SGD 3.80% 19.00% 77.20% MNTIC
NEIGHBORHOOD 4.40% 17.90% 77.70% MNTIC
AVG DENMNSITY

Tablel13. Deterministic attribute classification

By following a deterministi@pproach there is a loss of data, mainly due to the -non
acknowledgment of theesults from other categoriegiencefor this researchit was decided

to implement amethod that, in a way, would take the complete data set into account to
determine its classification. The method consists in the generation of a random ndraber

0 to 1 that is used to check, in alGsca¢, where the attribute falls by comparing the random

number vs. thel G 0 NATONEISE23Yy OAS&d C2NJ SEF YL ST Fy i
mandatory, 50% nomandatory and 25% not taken into consideration; a random number is
generated and it is 0.45Themandatory category ranges from®25, the nommandatory

0.26:0.75 and the not taken into considerati®n/6-1, therefore the attributed is classified as
non-mandatory. According to this methodologythe data obtained in the survey was

classifed, sut process is visible intable ¥4 ¢ KSNB YI yRFG2NE A& NBLINE
YIYRFG2NER o0& aGbaé¢ FYyR y20 GF1Sy Ayid2 O2y&aARS
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NON MNOT TAKEN INTO RANDOM
ATTRIBUTES MANDATORY CLASSIFICATION
MANDATORY| CONSIDERATION NUMBER
BUS 5TOP 21.15% 44 78% 34.07% 0.2575069 NM
MAIN STREET 10.20% 3A7.10% 52.70% 01927196 NM
TRAIN STATION 39.29% 47.25% 13.46% 01090566 M
AIRPORT 1.60% 12.40% 86.00% 0.7440333 NTIC
GREEN AREA 8.50% 41.80% 49.70% 0.1511345 NM
SUPERMARKET 59.90% 32.40% 7.70% 0.4226950 M
SPORT CENTRE 17.30% 47.30% 35.40% 0.19915849 NM
HEALTH CARE 6.00% 28.60% G5.40% 0.3423603 NM
CITY CENTER 47.80% 43.40% 8.80% 0.4409747 1%
UNIVERSITY 78.60% 18.40% 3.00% 0.4492809 M
NEIGHBORHOOD 3.80% 19.00% T7.20% 02723613 NTIC
AVG AGE
NEIGHBORHOOD
4.40% 17.90% T7.70% 0.9466717 NTIC
AVG DENSITY

Table14. Nondeterministic attributeclassification

For this LSP suitability analysis the cfasgion used was the second, where a random
number was generated to account all the acquired data into the decision process.

Now that the attributes areclassified, it is importat to indicate the mandatorjevel of each

attribute group. The 12 attribute presented in this research represent three main levels:
accessibility, amenities and populatiofhe mandatorylevel of each will depend on the

attributes that these general categories contain, where, if in the category there is a
mandatory attribute, tke level itself will be considered mandatory. Therefore the accessibility

and amenities categories were classified as mandateygnd population as nomandatory

()b LG A& AYLRNIOIFIYyG (G2 y20S GKIFIG S@Sy (K2dAtl
iyi2 O2yaARSNI A2y ¢é K SmandatdnSThie @isidelaticd Bag Be&nR S NB R
YIRS G2 akK2g (GKS [{t OFLIOAGE (G2 FRR ayé¢ yoc
without losing significance, however if the decision maker would like to thrage attributes

to simplify the modelthat ispossilde due to its low significancéccordingly, the LSP attribute

tree for this aralysis is presented in figure 20

1. ACCESIBILITY (+)
1.1 Bus Stop (-
1.2 Main Street (-)
1.3 Airport ()
1.4 Train Station (+)

2. AMENITIES (+]
2.1 Green Areas (-)
2.2 Sport Centers (-)
2.3 Health Care Canters (-)
2.4 Supermarket (+)
2.5 City Center (+)
2.6 Universities (+)

3. POPULATION ()
3.1 Average Age [-)
3.2 Average Density (-)

Figure20. LSP attribute tree
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This LSP attribute trepresent tree branches: two of them are considered mandatory
(accessibility and amenities) and one is finandatory (population)Regarding Accessibility,
four attributes are part of this criteria: bus stop, main street and airport are considered non
mandatory whle train station in the only mandatory attribute of this branch. The Amenities
criteria is divided into six attributes: three nenandatory (green areas, sport centers, health
care centers) and three mandatory (supermarket, city center and universi@epulation is
divided into two nommandatory attributes: average age and density.

The importance of mandatory and nenandatory attributes is that whenever a certain

location is evaluated and it does not comply with the mandatory requirements, the dititab

score for such location will automatically bero, whereashe nonmandatory attributes will

either reward or penalize the suitability score, bitgy 2 Yy O2 YLIX A yOS 62y Qi NJ
suitability score.

6.3 LSP attribute criteria

Once the attibute tree has been defined, the next step in the LSP methodology refers to the
generation of individual requirements for each attributEhese requirements are expressed
as functions that show the level of satisfaction (y axis) idlasOale, where 1 mresents full
satisfaction and O null satisfactiofhis behavior was explained in chapter 3, in the attribute
criteria section.

LYRAGARdzZLt | GONAROGdziS NBIjdzZANBSYSyida OFy o6S ON
however for this research, the athute criteria was obtained from the data acquired in the
survey.

In order to get the data required to generate such attribute criteria, a cross tabulation
between bicycletravel times andtravel times satisfactio was created, as well as a cross
tabulation between neighborhood average age, neighborhood average density and
neighborhood satisfactian It is important to note that, regarding the bicycle cross
tabulations, a transformation from time to distance was made. This transformation is
required so thedata can be used as inputs in any &8ware. According the Dutch Cyclist
Union, the average speed in city bikes in Netherlands is 15 Knitch Cyclist Union, 2016)
therefore the transformation from time to distance reged into four categories: 1250m (<5
minutes), 2500m (8.0 minutes), 3750m (215 minutes) and 5000m (>15 minute$his new
classification implies 4 distance ranges1ZbOm, 12512500m, 25013750m and 3751
5000m.In table 15the distance to bus stop vsatisfaction cross tabulation is presented

DISTANCE [m)

VERY DISSATISFIED

DISSATISFIED

NEUTRAL

SATISFIED

VERY SATISFIED

TOTAL

1250

5

3

21

55

227

2500

4

14

6

3750

2

0

5000

2
0
0

4
2
1

]

0

0

348

Tablel5. Crosgabulation travel times vs. satisfaction

Table 15 is read as follows: regarding respondents that live within 1250m to a bust stop, 5 are
very dissatisfied with such distee, 3 are dissatisfied, 21 are neutral, 55 are satisfied and 227
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are very satisfied. This reading applies to each distance class. It is important to note that the
amount of respondents that generated this table is 348, this number deviates from the 364
students that filled in the survey. The reason of having this mismatch relates to the people
gK2 FTAEESR Ay aL R2y QG (1y26¢é YR ay2d | LLX A
sections of the survey (Table 4 and 5).

After having all the cross tabations for all the attributesthey must be translated into a
OKIFNIX 6KSNB Ay (G(KS aéé¢ |EmaaOKSSarvRaxyOiGKS
distance ranges must appear. To transform the satisfaction level into the desired scale, two

tools are occupied; first a weighted average is calculated using all the values from one
distance level and then a standardizatjprocess of the results is executed. It is important to

note that during the standardization process, it is assumed that dloser to a certain

attribute, the higher suitability and vice versa, hence levels with distance 1250m and 5000m

have suitability scores of 1 and 0 respectivelyabie 16it is depicted the previous explained

process.

DISTANCE (m) | VERY DISSATISFIED| DISSATISFIED NEUTRAL SATISFIED |VERY SATISFIED| W. AVG STANDARD
1250 5 3 21 55 227 459 1
2500 2 4 4 14 6 3.60 0.62
3750 0 2 2 2 0 3.00 0.38
5000 0 1 0 0 0 2.00 0

Tablel6. Attribute criteria generation

Afterwards adistance vs. standardized suitability plot is created.

Distance to Bus Stop

1,20
1,00
0,80
0,60
0,40
0,20
0,00
-0,20 0 1000 2000 3000 4000 5000 6000
Distance (m)

Satisfaction

Figure21. Distance to bus stop attribute criteria

In figure 21it is possible tanotice the LSP attribute criteri@garding dstances to bus stops,
where any area where a bus stop that is located froti280m has a suitability score of 1,
from 1250m-2500mthe suitability score ranges from@62, from 2500r8750m it ranges
among 0.620.39 and from 37500 ranges among 0.3® k is understood by this function

that any location where the closest bus stop is located 5000m away or further has a suitability
score of 0.The purpose of feeding the LSP model with such attribute criteria is to make a
more robust model that is capable sétting different suitability levels for different attributes

In this research, 12 different attribute criteria were created, all of them are available at the
appendix section of this paper.
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6.4 LSP aggregation structure

During the first two steps dhe LSP implementation lahe efforts are focusedn the data
and how it will be used as an input. Now it is turn to create the structure by which the system
will evaluate the overall suitability of each location.

As it has been explained before, thePL8ethodology revolves around soft computing
concepts where the andness and orness of inputs is taken into account to select the
appropriate aggregator. Soft Parti@onjunction(SPC) aggregato(6&- and C) are used to
aggregate inputs that itmmandatorylevelis low; the choice between-Cand Cis up to the
decision maker and its selection must reflect the importance of the aggregated attributes to
the overall suitability analysis, whereas i@dicates low non mandatory levet the attributes

and G higher non mandatory level.

Regarding Hard Partial Conjunction (HPC) aggregaters @8, G+ C+ and C+these are
used to aggregat inputs with high mandatory levend, as with the SPC aggregators, the
selection between @, CA, G+C+ and C++g to the decision maker and it must reyauce
the mandatory levebf each attribute.

Following these principles, the aggregation structure for the Tilburg student housing
suitability analysis was created. figure 22such structure is shown

Bus Stop -

Main Street -

Y

Airport -

Train Station + A C-+

‘Green Area -

i

Sport Center -

q
g
g

et

e

C+

B
>

CA

Center +

University +

L

3
g
b

Figure22. LSP attribute tree without weights

In figure 22the LSP suitability analysis is depicted. Accessibility (yellow), amenities (green)
and population (red) attributes are aggregated using soft computing aggreg&egarding

the Accessibility inputgyellow) first the three noAamandatory attributes(Bus Stp, Main
Street and Airpontare aggregated using the-@ggegator. The € aggregator was selected

due tothe non-mandatory classification of the inputs: ®as not chosen becse it would
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reflect a higher importance of the inputs, and, according to the survey dat| the three
attributes if the nommandatory and the not taken into consideraih percentages would be
added (table 1% it would result in over 75% of people wilexpressed a low importance level

of those attributes. Then the nemandatory and the mandatory inputs are added, which
requires the utilization of Conjunctive Partial Absorption (CPA). CPA dictates the use of a
Neutrality (A) and a Hard Partial Conjuncti(HPC) aggregat¢&+). The & operator was

used because the train station is considered a mandatory input, even wheordatg to the
frequency table (table 14 the majority of respondents consideredwas not mandatory.
Therefore, the lowest HP@gregator was used.

Next the Amenities attributes were added up. As with accessibility, themandatory ones
were aggregated (green areas, sport centers, health care centers) using-tagg@gator
instead of the € The reason of this choice is tekame as in the previous case; the majority

of respondents indicated thahese amenities were not so important to them and usinga C
aggregator would not reflect that feeling. About aggregating the mandatory inputs, in this
case the CA aggregator was usestead of the & mainly due to the fact that these attributes
indeed represent mandatory requirements; higher aggregators, (C+ and C++) were not
considered because typically these are used for higher aggregation levels. Finally, mandatory
and norrmandatory attributes were combined usy A and CA aggregators. The CA aggregator
was elected because in this part of the model low requirement and high requirement
attributes are being combined, hence preferring any aggregator higher than CA would not
make €nse.

Respect to the next process of the diagram, aggregating accessibiijya(@ amenities (CA)
is produced using the €aggregator. The big reason behind this election relates to a higher
aggregation level as well as representing the mandatorygmaies of the suitability analysis.

In order to get an overall suitability, combining accessibility, amenities and population
attributes must be done, hence to aggregateighborhood average age and neighborhood
average density the-€aggregator was uiited. As in previous cases, this aggregator was used
due to the low importance level of such inputBinally, to combine the aggregated
accestbility/ amenities (+) with populationt)a high level HPC aggregator whsse (C+)

As it can be read in ther@vious paragraphs, the aggregator selection process relies more in
the decision maker criterion rather than at any specific methodology, however it is important
to understand the implication that each aggregator has. This characteristic of the LSP method
gives certain flexibility to the analyst mainly because allows to adjust the suitability criteria
according to the needs or desires of the decision makwegre is no specific validation process

for the selection of the aggregators, instead, an analysisefequirements of the suitability

map must be made and based on it the aggregators must be selected.

Even though an aggregation structure has been createdtill misses one important
component the weights of each attributé/NVithout the weightsthe aggregation structure is

useless. According to Dujmovic, the weights can be calculated in either 3 ways: neural
networks, ex® NIi Q& 2 LAY A2y Bpid forl the dthirdbtidnabasédBnlL e NJi

pairwise comparison section from the survéjhe AHPsia methodology that generates
weighsT 2 NJ S| OK S@lfdzt 6A2Yy ONRARGSNA2Y | OO0O2NRAY A |
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of the criteria(Saaty T. L., 1980)n the following paragraphs a brief explanation of how to
implementthis methodology will be shown.

The first step to follow is the transformation of the survagquireddata into a pairwise
comparisormatrix. Intable 17an example of how the data was collected is presented. It can
be seen that there ar& comparison lesls and 6 comparisonsv S & LI2 Y RSy G Q&

Y

shown in gray.

DISTANCETO DISTANCETO
BUS STOP MAIN ROAD
TRAIN STATION BUS STOP
BUS STOP AIRPORT
MAIN ROAD TRAIN STATION
AIRPORT MAIN ROAD
TRAIN STATION AIRPORT

Tablel17. Accessibility pairwise comparison input

To arrange the data into a pairwise comparison matiiximportant to link each comparison
level with a numericalalue. Thus, the strong level is represented by 5, sligl& éyd equal
by 1. According to this scale ansparisor matrix was created in table 18

_ BUSSTOP | TRAIN STATION AIRPORT MAIN ROAD
BUS 5TOP 1 5 5
TRAIN STATION 3 1 5
AIRPORT 1 0.20
MAIN ROAD 0.20 1

Table18. AHP incomplete pairwise comparison matrix

It is relevant to note thatvhen comparing airport vs. main road, the respondent expressed
its preference of main rad over the airport, thereforen the matrix such behavior is
represented by the reciprocal value 1/5=0Phe same applies to main road verdusin
station.

Once thsinitial matrix is generated, the missing digits are filled with the reciprocal values,
table 19the complete comparison matrix is shown:

_ BUSSTOP | TRAIN STATION AIRPORT MAIN ROAD
BUS 5TOP 1 0.33 5 5
TRAIM STATION 3 1 5 5
AIRPORT 0.20 0.20 1 0.20
MAIN ROAD 0.20 0.20 3,00 1

Table19. AHP complete pairwise comparison matrix
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The next step to obtain the rankingiaes, involves to raise the matrix to powers that are
successively squared each time; afterwards row sums are calculated and normalized. This
mathematical process is known as obtaining the eigenvector. The eigenvector calculation is
performed as many time as necessary until the difference between two consecutive row
sums is smaller than a prescribed value (usually four decimal vallegsle 20depicts this
process.

_ BUS STOP | TRAIN STATION AIRPORT MAIN ROAD EIGENVECTOR| WEIGHTS
BUS 5TOP 40326.25778 | 23765.90222 242550.5185 105546.1452 412188.8237 0.3046
TRAIN STATION 68398.64889 | 40326.257738 411582.5778 175004.8711 699312.3556 0.5168
AIRPORT 7160.194844 | 4221.845807 43113.81333 18746.700933 73242.5633 0.0541
MAIN ROAD 16463.30 9702.020741 99085.65 43113.81333 168364.7905 0.1244

Table20. Accessibility weights calculation

Finally, the lasttep NSt | 1S4 G2 GKS S@lfda dAazy 2F (KS
calculation of three variables: Random Index (RI), Consistency Index (Cl) and Consistency Ratio
(CR)Any CR higher than 0.1 indicattest the input data is not consistent, and trefore is

not reliable.More information about these variables can be found in tffecBapter of this

report.

This AHP procedure was executed with each entry from each respondent using a
computational packagdrom the 497 entries 133 had a CR highentbal, thus, those inputs
were erased from the data set,hich left this research with 364 input§o add up all those
different weights and present only one weight criterteetgeometric meanvas calculated.

The geometric mean indicates the central tendgror typical value of a set of numbers by
using the product of their values, rather than their sum as the regular arithmetic mean does.
By using such tool, the overall weights were obtaingable 21, 22, 23 and Zhow all the
aggregated weights.

BUS 5TOP 0.3076
MAIN STREET 0.2063
AIRPORT 0.1152
TRAIN STATION 0.3663

Tablke 21. Accessibility attributeveights

GREEMN AREA 0.1148
SPORT CENTER 0.1243
HEALTH CARE CENTER 0.0913
SUPERMARKET 0.2487
CITY CENTER 0.1836
UNIVERSITY 0.2352

Table22. Amenities attributesveights
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AVG. AGE 0.5
AVG. DENSITY 0.5

Table23. Population weights

ACCESIBILITY 0.431
AMENITIES 0.3599
POPULATION 0.2091

Table24. Criteriaweights

The aggregating weigs from table 21, 22 and 23 represent the weight each attribute has
within its own class. The weights that are shown in table 24 represent the weight each criteria
has.As a note, the weights from the population category were not obtained using the AHP
methodology because such method requires a comparison matrix of at least second order; in
the case of the population category its comparison matrix was a first order matrix, therefore
the weights were assumesaD/50 based on the results of the survey.

Once & the weights were calculated, it was possible to add them into the LSP aggregation
structure.In figure 23the final aggregation structure is shown.

[oesm ooy
[Beemsieess | 022+ €= | |
e A A
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== i i
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-—' e’ A

0.28—m] —o67-—= A 033 CA |— 0455

i)

0683 C-4+ [— 0545

021

Avg. Age - 05
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Avg. Density -

Figure23. Student accommodation aggregation structure

A normalization procss of certain weights had to be performed in order to comply with the
LSP regulation that requires the inputs weights of each aggregator to sum 1. For example, in
the accessibility sectiofiom figure 23the nonrmandatory attributes are aggregated, where
their AHP weights are 0.3076 (bus stop), 0.2069 (main street) and 0.1192 (airport), if these
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weights are summed, the result is 0.6337, which matches with the outcome weight of such
aggregation, however for the-Gaggregatoiit does not add 1, hence a noatization process

is performed resulting in 0.49, 0.32 and 0.19 respectivdtys normalization process repeats
itself several times over the entire structure. Another consideration in this LSP tree can be
noted at the CPA aggregators (neutrality [A] andPC aggregator), LSBuees to invert the
weights atthe second aggregator.

With the aggregation structured finished, it is possible to compute all the information into a
GIS software.

6.5 Suitability map

To show tangible results of the LSP cayazicase study was prepared in the city of Tilburg.
Before asking any software to run any sort of suitability analysis, it is crucial to first look for
the shapefiles with which the GIS software will work. Hence, twelve different shapefiles were
obtainedfrom different sourcegqavailable at the appendisection) There are three type of
shapefiles: point files, lines fileaé polygon files. For this repdtie three typesof shapefiles
were used

An important consideration from obtaining shapefiles fraifferent authors is to look after
the coordinate system each source is occupying, and, if needed, make the pertinent
coordinatesprojections

Once the coordinate system was standardized through all the shapefiles, the attribute criteria
(created duringhe second LSP implementation step) had to be applied on to each shapefile
to create a raster data file. During this process, two software were occupied. First, ESRI
ARCMAP was used to operetbhapefile and generatedistance tassificéion per attribute

In figure 24 and 2%his process is visibler the bust stops attribute.

Bus Stop

01 2 4 Kilometers
Levalri]

Figure24.¢ A f 6 dzZNAQa o0dza ad2LJa
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Hgure 24shows the contour of the city of Tilburg as well as all the available bus stops in the
territory. This map wassed as input to create tharrangement shown in figure 2%here
the Euclidean distance to all the bus stops is calculated.

+  Bus Stop
Euclidean Distance

Range (m) N
[ o-44s5 A
I «456-9486

B o«35-152808

Bl se00-23427
B 234273665
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Figure25.¢ A f 6 dZNEQ& adzA il oAt Ale ol &SR 2y RAaGlyOS i

The spatial tool Euclidean distance wasdi to perform such analysis. This tool calculates the
Euclidean distance to the closest source using a range of values, hence this map does not
represent the attribute criteria that the LSP methodology requires, therefore this raster data

map was importedi 2 L5wL{L {9[ ! 3 gKSNB Al Aa LI2aaro
Of FaaAFeAy3d ONARIGSNAI® LYy L5S5wL{L{Qad SYy@ANRYY
classificatiorcriteria through the fuzzyet membership function tool.

After the reclastication done in IDRISI SELVA, a raster map with the bus stop attribute criteria
function was crated and exported back to ESRI ARCMAP
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' . -
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Figure 26shows he raster input file that ARCMA®quires to run any calculation. It is possible
to observe different suitability levels (for distance to bus stop) and remarkably, thestow
suitability score is 0.41which means that, according to the crit@ there are no fully
unsuitable locations based on the distance to bus stop criteria.

This process was repeated for each of the twelve required inputs. Such maps can be found in
the appendix section of this papekl it is desired, the creation of thesmaps is not
compulsory, and instead all these processes can be modelled directly into IDRISI SELVA,
however, by doing this the complexity of the model would increase considerably, making the
model harder to work with as well as more difficult to find amyors.

The next step to create a suitability map for student housing in the city of Tilburg is the
modelling of the LSPgagregation structure into ARCMARhis software was selected to
develop the suitability map because it has a tool called modetibuivhere it is possible to
construct any aggregation structurt isthe decision maker responsibility modd a design

that behaves just as the LSP aggregation structure. In the following paragraphs, this process
will be explained.

Figure 27depicts he general aggregation steps to obtain a suitability score. First mandatory
and nonmandatory attributes (within the lowest aggregation levels) are combined using the
weighted power mean (WPM) function, WPM is used to sum symmetrical attributes
(mandatorywith mandatory or noamandatory with noamandatory), afterwards a partial
attribute score is obtained which is then aggregated using the Conjunctive Péusiadpion

(CPA) function. CPA is used to combine asymmetrical inputs. Once these first aggsegation
are completed, the model has the accessibility, amenities and population suitability &tore.
order to aggregate such criteria a similar process is followed. Accessibility and Amenities are
combined first using the WPM function because they are consalenandatory attributes;

then, using CPA, Population is aggregated resulting intkeall suitability.

. PARTIAL
| Main Street - |—I-| WPM |—I-| ACCESIBILITY
e |
Train Station + T

| Sport Center - H wem AMENITIES

Health Care -
——| CPA |-—| AMENITIES |

4_1 oA H SUITABILITY
: PARTIAL
. |——|
|Cltl,’(enter |——| wem AMENITIES |

WPM POPULATION
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Figure27. Aggregation model
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In figure 27t is shown the way that the software ARCMAP will aggregate all of the attributes
to obtain an overall suitability score. The difference betwégnre 27 and figure 23 is that
figure 23 depicts the aggregation structure itself, however, such structure cannot be
computed intoa GIS software, while figure 8fAows the structure that is adeled in ARCKP

to develop a suitability map based on theusture generated in figure 23

One other important note about the agegation model shown in figure 2@lates to the
2ta FYR /t! FdzyOlAzyad ¢KSasS [IINSESRAYyHY LN
ARCMAP languagBoth functions models can be found in the appendix section of this report.

Once the entire LSP aggregative structoas been modeled, a suitdity mapis obtained as
output. Figure 2&hows thePBSAuitability map for the dy of Tilburg, created based on the
surveyed data.

N

PBSA SUITABILITY A

Tilburg

012 4 Kilometers
Lot v

Figure28. PBSA suitability map in Tilburg

The map shown in figure 28 depicts suitable and unsuitable regions to develop PBSA projects
in the city of Tilburg. The suitability $eaanges from 0 to 1, where unsuitable regions are
represented in black and fully suitable locations are shown in white. The shades in between
indicate different levels of suitabilitgmong full suitability and full unsuitability. From this
map it can benoticed that mandatory attributes have a strong impact in the creation of the
suitability map; train station, supermarkets, city center and universities were appointed by
respondents as mandatory, these four attributes are only close to each other iregranrof

the city: near the city center, therefore it is natural to find the highest suitability scores in that
area Regarding the nemandatory attributes, these also collaborate to the suitability of a
certain region, although the main difference betwethe mandatory and the nemandatory
attributes is that if mandatory attributes requirements are not met, automatically the
suitability score plunges to cero, while if the same happens withmandatory attributes,

the score is affected but not in suchdeamatic way.This behavior can be observed in the
border of the white circumference shown in figure 2Bewhite boundary representshere
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mandatory requirements are met, not fully but enough to generatscare. In this border,
non-mandatory attributeshelp to raise the suitability score, however, passing the white

border, the suitability score becomes cero because mandatory requirements are not net and
theinputofnorY I YRl 12 NE | GNROGdziSa AGQa y2G 2F AYLR

6.6 Conclusions

Logic Scang of Preferences is a MCE method that enables to compute as many attributes as
the decision maker considers appropriate to produce a suitability map, such capacity allows
to integrate mandatory and nemandatory factors into the decision problem, which
resembles how humans make decisions. In this chapter the implementation of the LSP
methodto develop a PBSA suitability map in the city of Tilluag thoroughly discussed

Regarding the LSP attribute tree, it was decided to generate a random number tte dieci
each attribute, assessed in the survey, was mandatory-mandatory or not taken into
consideration. This approach was used because it allowed to take all the inputs into
consideration. This method resulted in considering Accessibility and Amemé#adatory
criteria and Population as nemandatory. Within accessibility, only the distance to train
station was considered a mandatory attribute, while in amenities distance to university,
supermarket and city center were considered mandatory. In theuRajon criteria, both
attributes were considered nemandatory.

The next step to develop a suitability map under the LSPoagmbr consisted in generating
LSP attribute criteria. These are functions by which the model will grade each location
according toits suitabilitytowards a certain attribute. To develop such functions a cross
tabulation of travel times versus satisfaction had to be made. In total, 12 functions were
obtained.

Once the att