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Abstract

In this paper we present a real-life multicriteria decisioaking problem
of choosing the site for a university kindergarten in Madfitie largest pri-
vate university of Madrid, San Pablo CEU, needs to build a@&rgarten for
personnels children. This study consists of two phaseddiiitst phase an
approximative model was presented to the decision makesedier to mo-
tivate re-activating the process. In the second phase, a detailed model
with new alternatives was introduced. The criteria measergs as well as
the preferences contain large uncertainties. Therefoegyitoblem is solved
by using the SMAA-III software that allows to model uncent#s through
joint probability distributions. We present the completse study in which
the preference parameters as well as the criteria measnteare modelled
with various types of uncertainties.
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1 Introduction

Choosing a site for a new facility is among the traditionaltiple criteria decision
making problems. This type of problems typically consisadinite set of alterna-
tive sites that are evaluated in terms of multiple critefihe criteria often take into
account socio-economical, logistical, and environmeatgects of the problem
setting. Although the ultimate goal is to choose the siteuitdlin, it is common
to use a ranking method to obtain also some backup alteesatin the case that
the most preferred one cannot be implemented. Many modetftiptaicriteria
ranking methods have been applied in such problem set@®ges. Bardat al.
(1990); Erkut & Moran (1991); Hokkaneet al. (1999); Hokkanen & Salminen
(1997); Karagiannidis & Moussiopoulos (1997); Karkazi9&2); Keeney (1980);
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Lahdelmaet al. (2002); Norese (2006); Partovi & Burton (1992); Queirwgaal.
(2006).

In this paper we present a real-life case study of siting @ausity kindergarten.
The Fundacion Universitaria San Pablo - CEU (abreviatetigs CEU from now
on) is among the largest universities in Madrid, Spain. K heceived a petition
from the teachers and other personnel of the universityremge a kindergarten
for the personnels children. This petition was receivedaaly in 1996, but the
project was frozen because no agreement for the locatioldl dmureached. In
early 2007, a two-phase decision making process for chgalasite was initiated
by the university professors. In the first phase, an initr@lgsis was made in
order to motivate re-activation of the project without reing interaction from the
Decision Makers (DMs). In the second phase the model wased\and the DMs
gave more precise preference information so that the mes$enped alternatives
could be recognized.

The case study considered in this paper had a preliminageghavhich PRO-
METHEE method (Brans & Vincke, 1985) and generalized daterere used (Bar-
beris & Rodenas, 2006). Equal weights were considered iprianinary phase
without justification. In the face of ignorance about preferes, it is advisable
not to use geometrical or other means to model ignoranceuseceven small al-
terations of the weights might cause different results.sThiespecially the case
with outranking methods (see e.g. Figuestal,, 2005b), because their preference
model containts many non-linearities. For an example efation of results in the
light of small changes in weights, see Tervomreml. (2007).

The problem consists of ordinal and imprecise cardinaégatmeasurements
and partially missing preference information. Stochasftidticriteria Acceptabil-
ity Analysis (SMAA) methods have been used succesfully ichstype of siting
problems, see e.g. Hokkanehal. (1999); Lahdelmaet al. (2002), or Tervonen
& Figueira (2006) for a full survey on SMAA methods. Theselgeons have in-
cluded environmental and/or socio-economical critehiat &ire also present in this
study. ELECTRE methods are used widely in discrete decisiaking problems
(e.g. Figueireet al,, 2005b; Hokkanen & Salminen, 1997; Karagiannidis & Mous-
siopoulos, 1997; Norese, 2006). They have the advantage thidity or a value
function does not need to be defined, therefore requirirgitgeraction with the
DMs. Our problem has these characteristics: the criteriasomements are uncer-
tain and preferences cannot be elicited in the first phassuseove need results to
motivate the DMs. Therefore, we have chosen to analyze tidgm with SMAA-

[l (Tervonenet al., 2007). It allows to apply ELECTRE IIl with imprecise values
for the model parameters. We also cross-validate the sasulapplying SMAA-3
(Hokkanenret al,, 1998) that uses a less discriminative maximin exploitatide.

SMAA-III applies probability distributions to model impeision. Although we
believe that the approach taken in SMAA-III is the most appiaie one for this
study, we note that there are also other approaches. Thagddrentropy methods
(Abbas, 2006), interval methods (Mustajaial., 2005), Dempster-Shafer theory
(Beynonet al,, 2000), rough sets and fuzzy sets (Figueiral, 2005a). An impor-
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tant reason for choosing the method is also that the andlystare more familiar
with SMAA-III than with the other pre-mentioned methodsstfore lowering the
risk of imprecision of analysis from misunderstanding thedel.

This paper starts by presenting the applied method, SMAAFISection 2.
The case study is presented in Section 3, followed by a digmusf the results in
Section 4. Conclusions end the paper in Section 5.

2 SMAA-III

SMAA-III (Tervonenet al, 2007) is designed to solve a discrete ranking problem
that consists of a set of alternatives evaluated in termsuifipte criteria. It is
based on ELECTREIII (see e.g. Belton & Stewart, 2002; Figuetial., 2005b) for
constructing a ranking of alternatives, extending it bg\alhg imprecise parameter
values. ELECTRE lll has two phases. In the first phase, araokiing relation
between pairs of alternatives is formed. When an alteraativtranks another, it is
considered “as good as or better one”. The second phasestookexploiting this
relation, producing a final partial pre-order and a mediangder.

ELECTRE Il applies pseudo-criteria in constructing theranking relation.
A pseudo-criterion is defined with two thresholds: an irai#ince threshold for
defining the difference in a criterion that the DM deems indigant, and a pref-
erence threshold for the smallest difference that is censitlabsolutely preferred.
Between these two lies a zone of “hesitation” of indiffererand strict preference.
ELECTRE Il also defines a third threshold, the veto threghdt is the smallest
(negative) difference that completely nullifies (raisestt/ against) the outrank-
ing relation. In addition to the thresholds, preferences quantified through a
weight vectow = (wy, ..., wj,...,Wn). Without loss of generality, we assume that

For more details on how ELECTRE Il constructs the rankireg 8.g. Belton
& Stewart (2002). In the original ELECTRE lIl, a median preder is computed
based on the two complete pre-orders and the final partiabquier. The median
pre-order removes the incomparabilities in the final pbptia-order.

SMAA-III applies simulation and studies the effect of chempparameter val-
ues and criteria evaluations on the results. The impretisiche parameters is
quantified in theory through joint density functions, butpiractice simple linear
intervals or Gaussian distributions are used. Monte Canlgtion is used in
SMAA-III to compute three types of descriptive measuresikracceptability in-
dices, pair-wise winning indices, and incomparabilityioss.

Therank acceptability indexneasures the share of feasible weights that grant
an alternative a certain rank in the median pre-order byntpkito account si-
multaneously imprecisions in all parameters and criter&duations. It represents
the share of feasible parameter combinations that makdtdreative acceptable
for a particular rank, and it is most conveniently expressetentage-wise. The
most acceptable (“best”) alternatives are those with hagleptabilities for the best



ranks. Evidently, the rank acceptability indices are wittiie range [0,1], where
0 indicates that the alternative will never obtain a givemkrand 1 indicates that
it will always obtain the given rank with any feasible chowmfeparameters. Thus,
the rank acceptability indices are a measure of robustness.

Thepair-wise winning indexiescribes the share of weights that place an alter-
native on a better rank than another one. An alternativentmat pair-wise winning
index of 1 with respect to anohter one always obtains a bettds, and can thus be
said todominateit in a wide sense. The pair-wise winning indices are espigcia
useful when trying to distinguish between the ranking défeces of two alterna-
tives. Because the number of ranks in the median pre-ordgiffefent simulation
runs varies, two alternatives might obtain similar rankegotabilities although one
is in fact inferior. In these cases looking at the pair-wisening indices between
this pair of alternatives can help to determine whether dnihe alternatives is
superior to the other or if they are equal in “goodness”.

Because median pre-orders are used in computing the raeptabdity in-
dices, it is not anymore possible to model incomparabikiyt this reason, SMAA-
[l includes anincomparability indexthat measures the share of feasible parameter
values that cause two alternatives to be incomparable.

When the criteria measurements and other parameters aredisg the three
different indices can be used to measure robustness of #igsan For example,
pair-wise winning indices show how the mutual goodness diagd alternatives
changes with different feasible parameter values. If agrréitive is deemed the
preferred one and still has a relatively low (less than 60&dwise winning index
with another alternative, the parameters should be definm@ precise. Some-
times this is not possible, and less crucial decisions camade based on such
imprecise conclusions. With decisions having larger inyghe process should be
iterated until sufficient pair-wise winning indices areaihed.

3 Casestudy

The CEU has received a petition from the teachers and otlsomeel of the uni-
versity to arrange a kindergarten for the personnels amlavithin the universitys
premises. CEU has various installations dispersed wigeMadrid. The future
location for the kindergarten can be chosen within thedallasions, or in the resi-
dential zones west of Madrid. The choice of location hasrfeaulti-dimensional
effects; not only the accessability and the price of comsitn and maintenance
have to be taken into account, but also the possible sizeedititergarten and the
effects to the surrounding city view.

The original petition was received already in 1996, but aggeement was
reached over the location, the project was frozen for mase tt0 years. Lately
the University Board of Directors has received a large arhoafimequests from
the teachers and employees concerning building the kiaderg In order to re-
activate the project, we first did an initial, imprecise gsa for motivational pur-



poses. We used for it old criteria measurements and podsitd¢ions from 10
years ago. There was no preference information availabtbea®Ms were not
consulted. To probe for good compromise alternatives aise @iscussion, we
used weight lower bounds of 0.1 to avoid extreme weight coatimns. There
were total 5 criteria used, therefore the weights were ntedelith a joint uni-

form distribution bounded within 0.1 — 0.6 for each weight.

The initial phase resulted in a decision to re-activate ttogept and to do a
more through analysis. We then re-evaluated the altesstand found that one of
them did not belong to CEU anymore. A residential zone adtibra was split into
three different locations. All the criteria measuremengsewpdated to correspond
with the current situation. In this manner we formed a midtigriteria decision
making problem in which 7 alternatives were to be ranked wasipect to 5 criteria.
The criteria were the same that were used in the first phabe study, chosen after
discussions with different educational bodies of the CElthkir opinion, these 5
criteria take into account all relevant aspects of the nwbl

e ACC: accessability to the center of city. Measured in miautg public
transportation

SIZ: size of the kindergarten to built. Measured in the nundieday-care
places

e COP: land and construction price. Measured in euros
e EFF: effects to the city landscape. Measured as an ordiitation
¢ MAC: maintenance cost of the facility. Measured in euros

The 7 alternative locations for the kindergarten are alhted in the west side of
the centre of Madrid. Figure 1 shows a map of the locationsticRdhat two
alternatives are so close to each other that they are shottre imap as a single
location: Campus Moncloa and San Dominique. These resittenb0 meters in
the same street.

The criteria measurements revised for the second phase afuldy are pre-
sented in Table 1. The accessability criterion (ACC) is roeas in minutes by
public transportation from the Avenida América metroistat This metro station
is a major transport hub for central Madrid. It incorporatiesn, bus, and metro
stations, and is used by large amount of commuting workeesrtee to the cen-
tral Madrid area. For defining measurements for the acciiggabiterion, faculty
staff accustomed to travel in Madrid approximated the meaed to travel from
the Av. América metro station to the desired location dyrdnweekday. Sepa-
rate approximations were done for 6 different time slice806L0, 10-13, 13-16,
16-19, 19-21, and 21-24. After this, we calculated the mewhstandard devia-
tions for each alternative based on these approximatiowsirendelled the criteria
measurements as Gaussian distributed values. It shouldtéeé, that although the
uncertainties of the measurements are correlated in th@xdppations, probably



Etmtpolis

e msﬁs Las Rozas

de Mﬁdl'i_d Ct'lrt.lrj

£ Macional
. idle' Goll
. (o)
. Majadahonda i al
\ ~ - i b b T
. Majadahonda g mﬁf ==
v Campus Mondoa
...-ﬁi.r'e_ruq.-. 66l P and
\ v 7 S5an Dominique
3 Pinar del J
i Plantio Monte de iy
5 M-503 - Pozuelo | s \
] e Clu g CAMPO. §py
X N, o s Qe

Las Lomas

L Pozuelo Pu% N
_' 4 3 de Alarcon '._ X @

I Homera Casa de
Konte Alina | ‘7;'::): :GL
o Somosaguas Campus Arguelles
| ).Centinela La Cabafia I Madrid
il Urbanizacia g L S : Yt
|\ Boacdillla Maonteprincipe hf‘-\lﬁlﬂ;-% 2 [
del Monte Retamares _Qf.’aﬁw A
Campus Monteprincipe ke e 2
p P = P fa Imagen A@FP

Figure 1: Alternative locations in the map.

the real values underlying these means are not correlatedrefore we do not
model the criterion through a multivariate Gaussian distion as has been done
in, for example, Tervoneat al. (2008).

Table 1: Criteria measurements.

Alternative ACC Slz COP EFF MAC
min max min rank min

Campus Monteprincipe 52+5.24 234 3937880 3. 39000-48000
Campus Moncloa 397+5.85 159 4729000 7. 26000-32000
Campus Arguelles 367+6.06 167 5238520 5. 28500-35000
San Dominique 383+6.06 134 4068450 6. 23500-29000
Majadahonda 433+3.83 159 3146000 4. 27500-33500
Pozuelo 483+3.19 167 3317270 1. 28500-35000
Las Rozas 49 3.52 201 3904800 2. 34000-42000

For measuring the size of the kindergarten (S1Z), we caledldghe number
of kindergarten places that would be available in the finatalation. In Spain
there are two government rules that regulate the amountilwfreh allowed in
kindergartens (BOE, 2007a,b). These divide the kindezgagducation into two
cycles and take into account the age of children. For thedyide, we have three



age classes: 0-1 years, 1-2 years, and 2-3 years. The emjala@iount of children

in the classroom for these are 8, 12-14, and 16-20, respbctiVhe second cycle
comprises of children of ages 3-6. For children of these #uge can be between
20 and 25 in a classroom.

The size of the kindergarten as well as the constructionsadspend on the
number of classrooms. Our estimates for these numbers esered in Table 2.
We model the number of children with exact value that is th&imam number
of children allowed with this amount of classrooms. For eganfor Campus
Monteprincipe, the SIZ is 4 8+ 4 x 14+ 3 x 20+ 3 x 25= 223 children.

Table 2: The number of different classrooms for each altamna
Alternative 0-1lyrs 1-2 yrs 2-3 yrs 3-6 yrs
Campus Monteprincipe 4 3
Campus Moncloa
Campus Arguelles
Zona Residencial
San Dominique
Majadahonda
Pozuelo
Las Rozas

wwl\)l\wal\)h
Oowwl\)wwoow

2 2
2 2
3 3
2 2
2 2
2 2
3 3

The minimum infrastructure for each building is a W.C., a tipl¢ purpose
room, a playground, and a classroom for every group of amldrThe sizes of
classrooms are regulated by two government orders. Thdgmigbtwo square
meters for each children, and a minimum size of 30 squarerméte a class-
room (BOCM, 2004; BOE, 2005). Therefore the sizes are?3famclassrooms of
children of 0-1 and 1-2 years, 4Grfor 2-3 years and 50ffor 3-6 years. The in-
frastructure requirements are used to estimate the totdldeea required by the al-
ternatives. We use Gaussian distribution for the land andtaaction price (COP).
Standard deviation is set to 5% of the mean value, so that8te®nfidence in-
tervals are meattr10%. The land prices were obtained from the El Pais newspape
for second hand housing mean prices in the correspondirag 4k Pais, 2007).
The estimated construction prices were obtained from (Mad007).

Effects to the city landscape (EFF) measure both the efi@igl construction
as well as the possible negative effect after completion.ckidse to measure the
effect as an ordinal criterion: the alternatives were rdnba&sed on expert views.
It would have been quite hard to come up with a cardinal vatoeseasure the
effects, similarly that has been reported in the literatnen measuring effects on
the landscape or environment (e.g. Hokkanen & Salminen7;ll98hdelmeet al,,
2000; Martinet al., 2007).

The DMs provided us with imprecise weight information: th€@and COP
criteria were considered to be the most important ones vpithaximated weights
of 0.3. After them, the next important one was considerecet& Iz with a weight



of 0.2. EFF and MAC were considered the least important orids egtimated

weights of 0.1. Although the DMs provided these exact weightes, they showed
uncertainty about the values. To model this behaviour, wisidered the weights
to be uncertain with linear intervals. For each weight a@5Qncertainty is con-
sidered. This enforces weight bounds as shown in Table 3holtld be noted,

that these weight bounds preserve the ordinal informatiesegmt in the original

weights; for example, ACC and COP can never have lower weitian the rest
of the criteria. We have estimated preferences also in tefmmaprecise thresh-
olds. For all cardinal criteria except the maintenance w@stise direct imprecise
thresholds. For maintenance cost the threshold is definedpaecise percentage
of the value. The thresholds are presented in Table 3.

Table 3: Imprecise weights and thresholds.

Criterion ACC SIz COP EFF MAC
Weight 0.25-0.35 0.15-0.25 0.25-0.35 0.05-0.15 0.05-0.15
Indif TH 6.5+15 15+15 10000+ 5000 - 3%+ 2%
PrefTH 125+25 3+1 10000GE 50000 - 8%t 2%

We executed the analysis with SMAA-III and cross-validatieel results with
a modified SMAA-3 method. It takes into account all ranks amadpces rank
acceptability indices with a meaning similar to those of SMI, but uses a less
discriminative maximin exploitation rule. This was donec@&ese up to our best
knowledge SMAA-III has not been used before in real-lifeigien making con-
texts as it the case with SMAA-3. The cross-validation galditeonal security in
the results. Both of these analyses were done with 1000&tides, which gives
sufficient accuracy for the indices (Tervonen & Lahdelm&@7)0The rank accept-
ability indices and pair-wise winning indices of SMAA-IIhalysis are shown in
Figures 2 and 3, respectively. The incomparability indeesnot presented as they
are not relevant in this study. Neither are presented the aaceptability indices
of the modified SMAA-3 analysis, because the results arelairto those of the
SMAA-III analysis.

4 Discussion

The resulting indices of the analysis give quite high firekracceptability to Cam-
pus Arglelles and Pozuelo. But as we are using quite uncentideria measure-
ments as well as thresholds and weights, all alternativasotitain significant first
rank acceptabilities should be taken into account. Thisnsighat Monteprincipe,
Moncloa, and Las Rozas are viable choices as well. As it cae®e from the pair-
wise winning indices, all of them obtain higher ranks thagifeiles and Pozuelo
with a reasonable share of parameter combinations. Therdfe “true” parame-
ters might as well lie in these, relatively small sets of pzeter values.
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Figure 3: Pair-wise winning indices of SMAA-III analysis.

Although the results contain high uncertainties, recormaatéions have to be
given. Pozuelo and Campus Argiielles seem to be the “betgtnatives with
no further information. There is a clear “trade-off” betwebe two alternatives:
Pozuelo is a residential zone alternative away from theagtyter, while Campus
Arguelles resides in the center of Madrid. An interestiagtfis that they are equal
in size, both being good compromise alternatives in thatetsCampus Argielles
is more accessible alternative, but also expensive andhcppgssibly high effects
to the city landscape. For deciding between these two, wsepted the results to
the University Board of Directors.

The University Board of Directors examined carefully theules. During sev-
eral meetings of the Board, discussions took place withe@sp measuring their



preferences. They reckoned that the problem of weightilegsm criteria is hard.
Furthermore, they acknowledged the fact that in the casellgfotive decisions it
is very difficult to achieve consensus. As they acknowledbechardness of mak-
ing group decisions with highly imprecise data, the resaoftthe analysis were
accepted and discussion continued about the results.

Between the two “best” alternatives, Pozuelo and Campusrdéelles, the
Board considered that Pozuelo is more preferred one in threrdusituation. The
most important reason for this was that at present it is ltainate access to the land
in the central area of Madrid where Campus Arguelles isas#d. The question of
buying property is currently complicated in Spain becausbe state of markets.
Buying centrally situated property would imply extra finelauncertainties not
taken into account by the model.

Even though the Board agreed on choosing Pozuelo for thédaaaf building
the kindergarten, the project was postponed due to ongdiagge of members in
the University Board. The decision making process endel thidse conclusions.
The initial enthusiasm and the decision to re-activate tiogept because of struc-
tured decision analysis not requiring too much interacfimm the DMs was in
the end overtaken by the current administrative situatMe believe that taking
into account the importance of the problem presented inpier, the forthcom-
ing new members of the University Board will show sensipiit relation with the
crucial social problem and re-activate the project agaihénear future.

5 Conclusions

In this paper we presented a real-world case study of chgasilocation for a
kindergarten of the largest private university of Madrid.heTstudy contained
some important particularities: the initial phase of thegess was to re-activate
the project without requiring interaction from the DecisiMakers (DMs). The
SMAA-III ranking method was chosen because it allows thdyasigto be done
with imprecise criteria measurements and missing preéeré@mformation. Initial
phase of the project was considered a success: the UnywBis#trd of Directors
decided to re-activate the process and the model was rewisiedip-to-date data.
New alternatives were also discovered and old ones notes@tymore removed
from the model. In the second phase, more preference infmmwas included
in the model as well. In the end of the process, the DMs colddtity the most
preferred alternative. However, the implementation isgetl because of changes
in the university administration.

The initial phase of re-activation of the process withowuigng interaction
from the DMs could be applied similarly in other decision fimgkcontexts as well.
Whenever older, more imprecise data is available, a pessililal phase with an
uncertain model can allow savings to be obtained. Althougthis case study the
analysts had no extra salary outside their university paym@mmonly compa-
nies offering decision analysis charge high costs per Hbis type of two-phase

10



decision analysis could be used in wide range of decisionnggkroblems, pos-
sibly allowing implementation as a company policy to gaimgetitive advantage
in the market of consulting services.
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