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Abstract. The social life of students at university has an impact on their
educational success. The allocation of accommodation is part of this aspect.
This article presents our proposal to improve students’ allocation
accommodation. We aim to support university administrative departments for
the selection of students for housing. Therefore, we propose a decision support
system based on multi-criteria decision support methods. To calculate the
weights of the criteria, we use the Analytic Hierarchy Process (AHP) method.
Then, to rank the students, Analytic Hierarchy Process, Weighted Sum Method
(WSM) and Preference Ranking Organisation Method for Enrichment
Evaluation methods (PROMETHEE) are used. The aim is to find the most
adequate method to rank the students. The result is achieved because the AHP
can calculate the weight of criteria and the AHP, WSM and PROMETHEE are
able to rank the students.

Keywords. Student housing allocation, decision support system, AHP, WSM,
PROMETHEE.

1 Introduction

To successful manage universities, the institution must demonstrate its priorities in
providing students housing because sharing accommodation and participating in
campus life are part of the social and intellectual benefits of students [1]. According
to researches carried out by Owolabi, on-campus students are more successful in their
studies than off-campus students [2]. Therefore, following our research, several
authors have been interested in the subject of student housing. Several studies
collected the opinion of the students about their accommodation with the aim of
bringing a new era of living on campus [3—10]. Then other researches made the
proposal of work tools to help the person in charge of housing within the universities,
as well as the students to facilitate the search for housing [11-14]. These works justify
the importance of considering the management of student accommodation within
university life.

21


mailto:rolin-gabriel.rasoanaivo@ut-capitole.fr
mailto:Pascale.Zarate@ut-capitole.fr

However, each university has its own procedures for allocating student
accommodation. The most common is the consideration of criteria which vary in
number according to each institution. Thus, we have identified thirteen criteria for the
allocation of accommodation used by universities, namely: dependent children of
parents, students with scholarships, distance from the place of study, admission to the
examination, educational enrolment, age, nationality, level of study, date of
application for accommodation, physical capacity of the student, orphan of a parent,
parent working at the university, and year of undergraduate [15-21].

Our research has focused on Decision Support System (DSS) for students’
accommodation allocation [22]. Let us note that the first DSS appeared in the 1960s
[23]. Since then, several authors have investigated the application of these systems
such as Eom et al. from 1971 to 2001 [24-27] and Papathanasiou et al. from 1989 to
2019 [28]. Authors like Carlsson and Walden [29] have noted that Decision Support
Systems are currently innovative and among the technological challenges. Keenan
[30] has shown that they are spread over several areas including life sciences and
biomedicine, physical sciences, and social sciences. Nevertheless, we did not find any
DSS for student’s accommodation allocation.

Thus, our aim is to propose a decision support system based on AHP, WSM and
PROMETHEE to facilitate the selection of student during the housing allocation
process.

2 Issues

Regarding the criteria for housing allocation, each student is considered as a specific
case. The idea is to select those students who meet them. However, there is much
more demands than offers, but sometimes there are many more students who meet the
criteria than there is housing to be allocated [17]. So, the question which remains is:
what housing applications should be admitted or rejected? And which of these
students will be housing allocated?

To do this, a method needs to be designed to fairly distribute this accommodation.

3 Methodology

Multi-criteria analysis methods are used to formulate real problems, according to
three basics formulations: the choice problem, noted P, the sorting or allocation
problem noted Py and the ranking problem noted P, [31]. The allocation of
accommodation to students belongs to the ranking problem (P,). This situation led us
to choose the following three methods: AHP, WSM and PROMETHEE to solve this
problem. These three methods are selected because of their popularity and their
usefulness [31-33].
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Analytic Hierarchy Process (AHP)

AHP was developed by Saaty in 1970 [34]. According to its founder [35], the
method is based on three concepts: hierarchical structure, priority structure and
logical consistency. To find the logical consistency, the following calculations have to
be made:

. . w;
Medium consistency: Ay, = aijw_] (1)
1

Consistency index: CI = 7\”;‘%_“ )
Consistency ratio: CR = % 3)

Finally, when comparing pairs, the consistency ratio (CR) must be within 0.1.
Otherwise, the results could be inconsistent.

Weight Sum Method (WSM)

The weighted sum method combines all criteria into one scalar composite objective
function using the weighted sum [36]. The steps to follow are normalisation of all
alternatives, normalisation of the weights whose sum must be equal to 1 and
implementation of the weighted sum. The result is obtained by [37]:

R(a;;) = X} wyay (4)

Preference Ranking Organisation METHods for Enrichement Evaluation

Brans initiated the PROMETHEE method in 1982 [38]. It is a multi-criteria method
for defining the relationships of outranking, indifference, and incomparability
between alternatives. Two concepts are to be considered, namely the preference index
and the outranking flows. The method of calculating these flows [39] is presented
below. The result is obtained by comparing the outflows, inflows, and net flows of the
alternatives.

n(ay, a;) = Z?=1 Pi(ay, az)w;

n(az a;) = Z?=1 P (a, al)Wj

®)

Preference index: {

Outflow: ®*(a) = ﬁerA (a, x)(6)
Inflow: ®~(a) = ﬁZXeA (x,a) (7

Net flow: ®(a) = ®*(a) —d (a) (8)
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Prototype

Decision Support System (DSS) is structured by three main components which are:
the model management system, the user interface, and the knowledge base [40]. We
propose a DSS prototype based on the architecture defined by Sprague [41]. The DSS
will be composed by a Data Base, a Model Base, and a Human/Interface module.

Database

The developed DSS consists of allocating housing to students through their
applications. We have implemented a relational database management system using
three methods AHP, WSM and PROMETHEE. The figure 1 below shows us the main
menu of the system administrator. While the figure 2 shows the possibility of
choosing the method allowing to arrange the students.

Systeme d'Aide a la Gestion de Logements Etudiants

4 X ‘q,‘ B
m Es 2.

Gestion des utilisateurs

Pays/Université @ poids des critéres B Poids des criteres
Afinée univassitire @ situation des demandes @ situation des demandes
Forreion i assitae f Statistique demande : Statistique demande
= E
Niveau d'étude Quota de logement Quota de logement
e i Traitement par MCDA B Traitement par MCDA
[ critere d'attribution de logement
B Etudiants bénéficiaires de logement [ etudiants bénéficiaires de logement
Classification des critéres X ;
Statistique des étudiants Statistique des étudiants

Fig. 13. System administrator main menu
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Selection des étudiants
selon le quota de logement

Choix : mention et niveau
Mention | ~

Niveau ~

Choix d'une méthode

Matrice de performance

Rang des étudiants AHP WsM PROMETHEE

Fig. 14. Choice of methodologies

Process

The application concerns a university that has eleven criteria for evaluating students
[17]. These criteria are grouped into two sets, of which the first six are basic criteria
and the last five are social criteria. The following table 1 describes these evaluation
criteria.

Table 2. Criteria for evaluating students at a university

Basic criteria Admlssmn Social criteria Value
requirements
Physical  capacity | Normal =5 ;
Age By level (CP) Disability = 10
None = 0; Father or
E':arala reat of By academic year (Oor}I))l)lan of parent Mother = 5 ; Father and
cealaureate Mother = 10
Administrative Enrolled Parent's place of | University=35;
registration work (LTP) Other =0
Examination Dependent child of
result Successful parent (EC) By number
. . According to the Distance from home .
Nationality case (DD) By mileage
Professional
situation Not employed

In relation to these two groups of criteria, the assessment procedure proceeds in
two stages. Firstly, students must meet the basic criteria, otherwise their applications
for housing will be rejected. Then, those who pass the basic criteria will move on to
the second assessment where the social criteria are applied. Each social criterion has
its own value to rank the students. This is where the multi-criteria decision support
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method comes in. At this stage, the processing is done by specialty and by level
(bachelor/master/PhD). The following figure 3 summarizes the procedure for
evaluating students by criteria.

Mandalory
tofillin

Basic oiterda met

o—

Recept for housing
application Epplication Adm itted to
rejected basgic criteda
NG
Selected Student Select MCDA Switching to
Huderts s (_m }@Jmiﬂio%— SO CAL CRIERIA
Hlacation of
tudent housing

Fig. 15. Processing applications for student accommodation

Result

Assessment according to the basic criteria
This concerns the housing applications of students in the first year of the Computer
Science and Law degrees. The result is shown in figure 4 below.

Récapitulatif des demandes par Mention et Niveau R

Mention Niveau Recue Acceptée Rejetée
Droit 1 101 78 23
Mathématiques, Informatique et Applications L1 35 26 9

Fig. 16. Result of the processing applications for student accommodation

Assessment according to social criteria

This second phase will deal with the 26 and 78 students meeting the basic criteria.
We show for each of the three methods chosen, the result for the 26 students of the
Computer Science major. To begin with, the initial judgement matrix and the
judgement matrix normalized to scale 10.
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Code ét¥| CP - DD - [EC - [LTP - [OP - ID_ETUDIANST CP -| DD = EC = LTP

= op -
LIMIALE 5 100 an ) LIMIALE 5 068 571 o 5
LIMIADS 5 102 20 3 LIMIADS 5 07 286 0 5
LIMIADE 5 100 30 o LIMIADE 5 o088 a2 o L]
LIMIADT 5 100 50 5 LIMIAGT 5 068 714 0 5
UMAGE 5 100 a0 3 LIMIADE 5 068 571 0 5
LIMIAIL 5 100 20 0 LIMIALL 5 068 286 o 0
LiMIALZ 5 100 i0 ] LiMiALZ 5 0,68 143 [ 0
LIMIALE 5 973 10 10 LIMIALZ 5 63 143 o 10
LUMIALS 5 100 i0 0 LIMIALS ] 068 4,28 o 0
LIMIAIE 5 100 20 0 LIMIALE 5 068 2,86 [} o
LIMIAZL 5 100 40 o LiMIAZL 5 0,68 571 o Q
LIMIAZZ 5 100 10 3 LIMIAZZ 5 068 143 [\ 5
LIMIAZEZ 5 350 20 10 LIMI1AZS 5 2,39 2,86 o 10
LIMIAZ 5 100 60 o LIMIAZS 5 068  BS7 0 0
LMIAZS 5 100 30 0 LiMIAZS 5 068 714 o L
LIMIAZE 5 100 20 o LIMIAZE 5 0,68 186 o L
LIMIAZT 5 102 10 o LIMIAZT 5 0,7 143 o a
LIMIAZE 5 100 40 5 LIMIAZE 5 0,68 571 [ 5
LIMIAZ9 5 100 50 5 LiMiAZ 5 068 714 o 5
LIMIA30 & 399 10 &  Eoaiw 5 17?2 143 [ 0
LIMIAZL 5 100 10 10 LIMIAIL 5 068 4,29 o 10
LIMIAZZ 5 923 45 ¥ LIMIAZD 5 63 57 10 3
LIMIAZL 5 154 20 10 LIMLASS 5 272 286 0 10
LIMIAIS 5 100 20 A e 5 o —— o 0
LIMIAOZ 5 100 50 5 LiMIALD 5 068 714 o 5
uMiaed 5 100 60 0 Lumiang 5 068 857 0 0

Fig. 17. Initial judgement matrix Fig. 18. Normalised judgement matrix

Result according to AHP

The application of the comparison scale according to Saaty [40], allowed us to
obtain the criteria judgement matrix and the result of the priorities presented in figure
7. Thus, the values of the elements of logical consistency are given below.

Comparaison -~ | CP - |DD ~ EC - |LTP - |OP - & Critéres ~ | Poids ~ - -
oo 7] 2 5 a 5 ) ond Cohérence logique
DD 0,33 1 2 2 1 EC 0,1 Amax
EC 0,25 0,5 1 1 05 LTe 0.1 Indice de cohé
ndice de coherence
LTP 025 05 1 1 05 DD 0,18
op 0,33 1 2 2 1w ol 0,18 Ratio de cohérence ﬂ

Fig. 19. Priority of criteria
Subsequently, establish the student judgement matrices for each criterion from the

normalized judgement matrix. After various calculations, the students' priorities for
each criterion are shown in Figure 8 and the ranking of students in Figure 9 below.
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Fig. 20. priority of student

> L L L L |8 L 19 L L |8 L 19 L 19 L L L L L Y L 19 L L L
t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
u M M M M M M '] M M M M M M M "] M M M M M M M M M M
d 1 I I 1 I 1 1 I 1 I I 1 1 1 I 1 1 1 1 I 1 1 1 1 I
L] A A A A L} A A L A A L} A A A L} A A A A L A A n A A
n 3 1 a 2 3 1] 2 0 o 0 1 2 1] 3 2 2 r | 2 0 1 1 1 2 3 1
t 2 3 4 3 1 7 9 2 5 g 13 8 | 4 a 2 5 1 7 6 | S 1 B 6 5 2
Note | 0,076 | 0.072 | 0,054 | 0,053 | 0.047 | 0,039 | 0,039 | 0,039 | 0,037 | 0037 | 0,037 | 0037 | 0,036 | 0,035 | 0,033 [ 0,033 | 0.031 | 0,030 | 0,019 | 0,025 | 0,028 | 0,028 | 0,008 | 0028 | 0027
Rak| 1 | 2 [ 3| a5 66|69 30110 13 |25 | 36 | a7 | 18 | 15 | 20 | 20 | 22 | 22 | 22 | 22 | 26

Fig. 21. AHP student ranking

Result according to WSM

The weights of the criteria considered are those calculated according to AHP.
Figure 10 shows the application of the weighted sum to the normalized judgement
matrix and Figure 11 gives the final result.

5 L L L] L L L 1 L L L L L L L L L L L L L L L L L L

t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

u M M M M M M M M M M M M M M M M M M M M M M M M M M

d ] I I I | 1 1 1 1 1 I I I I | 1 1 1 1 1 I I I I I I

. A A A A A A A A A A A A n L] A A A A A A A A A A A A

n o o o L] 1 1 1 1 1 1 2 2 2 F 2 Fl Fl 2 Fl 3 3 3 3 3 L] o

t 5 [ 7 L] 1 F3 El 5 [ 8 1 2 3 4 5 6 7 ] 9 a 1 2 4 5 )2 4
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EC 0,276 0,414| 0,688| 0,551) 0,276( 0,138 0,138| 0,414| 0,551 0,276| 0,551|0,138) 0,276 0,826/ 0,688| 0,276 0,138 0,551 0,688| 0,138 0,414| 0,551) 0,276 0,276| 0,688) 0,826)
(] 0,000{ 0,000| 0,000 0,000 0,000] 0,000] 0,000| 0,000| 0,000| 0,000| 0,000 0,000] 0,000 0,000, 0,000 0,000 0,000 0,000 0,000| 0,000| 0,000] 0,964] 0,000 0,000] 0,000| 0,000
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Fig. 22. implementing the weighted sum
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Fig. 23. WSM student ranking

Result according to PROMETHEE

For the preferences: all the criteria are to be maximised, the weights applied are
always those calculated according to AHP and the preference function for all the
criteria are of the same Usual type. After setting the preferences and considering the
assessments, the result will be given in figure 12.
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Fig. 24. PROMETHEE student ranking

Discussion

In 2018, Saare et al. were designing a mobile system for managing and mitigating
the accommodation problems at the Universiti Utara Malaysia [12]. In 2019,
Podunavac et al. proposed a web portal managing registration for student
accommodation in a dormitory [13]. In 2020, Magambo et a/l. have created an online
portal for locating Students’ private rental Accommodation in Tanzania [14].

For our part, we developed a DSS focusing on student housing allocation using
three multi-criteria decision support methods (AHP, WSM and PROMETHEE) to
better compare the results obtained. And to make a choice between the method used
by the university, we illustrate in the following figure 13 the comparison of the results
obtained and in terms of number percentage in the table 2 the similarity of student
ranks.
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WEM Ian:l 1 | L) | 2 | 4 | I!. 5 1 & | L] | L] | 9 9 L) 14 14 1% | 16 | 25 I?l 19. 19 211 | n | 21 | 11 2%

PROMETHEE | 1|2 | s a6 |7 |77 ]|0w]io]|10]|as]|ia]|ia|ae|[17]a8 2020|2022 |22 22 22]2¢

Fig. 25. Comparison of results

From the comparison of these three results, we can draw the following three
situations:

7.69% of students have the same rank on the three methods: two students;

15.38% have different ranks on the three methods: four students;

76.92% have the same rank on two methods: the remaining twenty.

To make a choice between the method used by the university, we illustrate the two-
by-two comparison of the results obtained.
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Table 3. Similarity of student ranks on two methods

WSM PROMETHEE

Number | % Number %
AHP 8 30.77 13 50
WSM 4 15.38

4 Conclusion and Perspective

To decide is certainly to take risks but it is to be in reaction to a strategic choice to be
made. The same applies to the person in charge of university work when receiving
requests for student accommodation, a decision must be made whether to accept or
reject an application. But, in any case, the question must always be asked: why was it
accepted or rejected?

This is the reason for our analysis, which proposes the use of multi-criteria
decision-making methods to classify students in relation to their situation, regarding
the criteria for allocating housing. Three methods were studied: AHP, WSM and
PROMETHEE.

The result showed us that each method was able to rank the students. And after
comparing the results, we found that the rankings of the students are different for each
method. First, the ranking carried out by AHP showed us that compared to WSM the
similarity of ranks is 30.77%, and compared to PROMETHEE, it becomes 50%.
Secondly, as for WSM, this similarity of ranks with PROMETHEE is 15.38%.

However, since the purpose of the decision analysis is to clarify the choice of the
decision maker and not to replace the decision maker, the manager of university
services has the choice of the method to use according to the analysis of the results
that we carried out.

Nevertheless, we can report that a difficulty was encountered when using the AHP
method. This being when the criteria or the alternatives are more numerous. For
example, in the case of the 78 students in the Law stream and the other applications
accepted in the other streams, the students are even more numerous. It will be difficult
to handle such a large square matrix.

So, in our future research, we will use the AHP method only to calculate the
criteria weights. On the other hand, WSM and PROMETHEE for ranking students.
And in addition, we will look for another method that is easier to handle and combine
with these two methods for storing students. Then, we will not stop with a simple
application of the methods, but we will look for a trick allowing to recover all the
ranks of the students carried out by the methods implemented in the system and to
reorder the students from all their ranks.

Finally, our objective in this first analysis is then to integrate all these ranking
methodologies into the developed prototype, offering end users the possibility of
having several methodologies to use. And in the perspective, it will be to find the
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possibility of using all the results of these methods to obtain a new ranking of the
students.
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