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Wroclaw University of Science and Technology carries out a project titled “University
of New Opportunities”. Within the frames of this project a Digital Accessibility Guide
(DAG) is developed with the aim to provide comprehensive information on the university’s
facilities with special emphasis on people with disabilities. The Analytical Hierarchy Pro-
cess (AHP) methodology was applied to select the 25 facilities to be included in the DAG.
The proposed methodology included development of a hierarchical structure of the model,
the determination of seven evaluation criteria, adoption of a scoring scale (1-5) of sub-
criteria for each criterion, and their pairwise comparison by an interdisciplinary group of
experts. The selected criteria comprised of the functions and services of buildings, the number
of users, communication and architectural accessibility, the number of indications in the
accessibility survey and the number of classrooms. The final ranking of facilities was creat-
ed based on the evaluated characteristics of nearly fifty buildings and the results of the AHP
evaluation of the selection criteria and their weights. The consensus of the expert group
involved in the pairwise comparison was 2.8% and the weighted score of the facilities
ranged from 4.68 to 1.29 with a median of 2.16. The applied approach structured the deci-
sion problem in accordance with the multicriterial decision analysis approach. The pro-
posed methodology for selecting the University's strategic facilities is universal and may be
used in other universities.
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1. INTRODUCTION

Wroctaw University of Science and Technology (WUST) carries out a complex
structural project aimed at improving the accessibility of the University for people
with disabilities by increasing the competences of people participating in higher
education, corresponding to the needs of the economy, labor market and society, as
well as supporting organizational changes. The project is composed of 13 work
packages, one of which includes the introduction of new information Within and
navigation (communication) solutions on the University’s campus. this work pack-
age the development of a digital accessibility guide (DAG) for the campus of
WUST has been planned. The main activities of this task are structured as follows:
selection of 25 strategic facilities (buildings) of the University’s campus, develop-
ment of the DAG structure, collecting and preparing data regarding the availability
of facilities, as well as developing materials describing the rules of evacuation,
preparing interactive presentations on the location of a given facility together with
its transcription, supplementing the existing websites of Wroctaw University of
Science and Technology with the collected and processed information, and publi-
cation of the DAG on a dedicated Internet platform. More information on these
tasks can be found on the project’s webpage https://pns.pwr.edu.pl/projekt.

Thus, the aim of our study has been to propose a methodology for the selection
of 25 university buildings that will be included in the digital accessibility guide. In
this paper the methodology for selection of the strategic facilities has been de-
scribed together with the results of the applied approach.

Because of the nature of this task, i.e. the selection of a specific number of facil-
ities from the set of all considered objects (the set of candidates) for inclusion in
the DAG, the multi-criteria decision support method (MCDM) approach also
known as Multiple-Criteria Decision Analysis (MCDA) was adopted. These are
operations research methods related to decision theory, which solve specific prob-
lems related to making optimal decisions. Multi-criteria analysis is used to support
the decision-making process in situations where the choice is made between many
variants. In this process, it is important to properly select evaluation criteria and
define weights for them (Kukutka and Wirkus, 2017). According to the authors, the
selection criteria should reflect the specific aspects of the decision problem, such as
costs, time, environmental requirements, implementation, etc. The purpose of using
the multi-criteria decision analysis approach is to select the optimal variant from
the point of view of the adopted criteria. In the last few decades, a number of
methods have been developed and used in a wide range of decision issues. These
cover: management, marketing, finance, industry, medicine, administration,
transport, political science, sociology, military and many other ones (Bhushan and
Rai, 2004; Vaidya and Kumar, 2006; Marovic et al., 2020). Among the developed
multi-criteria decision support methods, according to the authors, the following are
of greatest interest: PROMETHEE, ELECTRE, TOPSIS, ANP and AHP (Roy,
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1990; Palicki, 2013; Trzaskalik T., 2014; Khan and Ali, 2020; Marovic et al., 2020;
Stypka and Flaga-Maryanczyk, 2016).

For our study, the Analytical Hierarchy Procedure (AHP) proposed by Saaty
(1980) was selected. The decision was based on a survey of the available literature.
For example, according to a study by Huang et al. (2011) that analyzed a number
of scientific articles, the AHP method is considered the most significant among the
MCDM. The AHP method enables the decomposition of a complex decision prob-
lem and the construction of a ranking for a finite set of variants. It has been used in
many areas, including selection, resource allocation, cost-benefit analysis, ranking,
prioritization and decision support (Hejmanowska and Hnat, 2009; Blachowski,
2015; Blachowski et al., 2016; Muhsen et al., 2018; Russo and Camanho, 2015).
Many authors offer a comprehensive review of AHP applications. Noteworthy
publications include the works by: (Zahedi, 1986; Vaidya and Kumar, 2006;
Subramanian and Ramanathan, 2012; Khan and Ali, 2020).

To the best of our knowledge the proposed approach has not yet been used to
select facilities from a set of university campus buildings for the purpose of devel-
oping a DAG. AHP applications described in the literature include an assessment
of the condition of historic buildings (Zuraidi et al., 2018a; Zuraidi et al., 2018b),
construction project management (Erdogan et al., 2019), tender procedures for the
maintenance of public university buildings (Chua et al., 2015), and the selection of
an intelligent building system (Wong and Li, 2008). The method of hierarchical
analysis of the decision problem was also used to model the accessibility of ser-
vices for people with disabilities (Alzouby et al., 2019), to support decisions re-
garding the development of housing for people with disabilities (Lakhani and Zee-
man, 2016), in the choices of an agritourism farm taking into account the special
needs of people with disabilities (Gorski, 2019), or in the assessment of transport
solutions in relation to the needs of people with disabilities (Kruszynski and Zak,
2017).

2. MATERIALS AND METHODS
2.1. WUST Campus

The main campus of Wroctaw University of Science and Technology is located
close to the Wroclaw city center, at “wyb. Stanistaw Wyspianski” street, the other
smaller campuses are located in different parts of the city. The newest university
infrastructure development, the Geocentrum complex is situated on the opposite, to
the main campus, bank of the Odra River. The general location of campus facilities
in the city is presented in Fig. 1.
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Fig. 1. Location of the main Wroclaw University of Science and Technology campus facili-
ties (source https://pwr.edu.pl/en/university/campus-map)

According to the newest “Facts and Figures” published on WUST’s website
(https://pwr.edu.pl/en/university/about-us/general-information), there are 119 dif-
ferent buildings. The university has: 791 educational laboratories, 253 research
laboratories, 20 431 students, 338 doctoral students and 483 PhD candidates in the
Doctoral School, as well as over 4 000 employees, including about 2 196 academic
staff.

According to the records of the University’s accessibility and support for people
with disabilities unit, there were 404 students with different forms of disabilities in
2021. The largest share, 115 students, had disabilities related to the impairment of
the musculoskeletal system, 43 students had vision impairments, and 81 students
were classified as other.

2.2. Materials

The above-mentioned aim of the study has been to critically evaluate and select
a set of 25 buildings for the purpose of developing the digital accessibility guide
that will support students and employees, in particular people with disabilities. This
research was intended to indicate whether the Analytical Hierarchy Procedure
(AHP) is a suitable method that will achieve the assumed goal.
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For the purpose of the analysis the data were acquired from the following
WUST administrative units: the university’s unified student service system (jed-
nolity system obstugi studenta, JSOS), the accessibility and support for people with
disabilities, administrative and economic department, as well as collected during
audits of each of the considered buildings.

For the purpose of visualizing the results a Geographic Information System
(GIS) vector format feature layer was used in ArcGIS Pro software licensed to
Wroclaw University of Science and Technology.

The AHP MS Excel based template developed by (Goepel, 2013) and Google
based forms were used to facilitate the data collection and calculation procedures.

2.3. Methods

The general procedure in the AHP method has been described in numerous pub-
lications, e.g. by Saaty (1987), and consists of the following main steps: (a) con-
structing a hierarchical structure of the decision-making process, (b) determining
the preferences of the decision maker (experts), (c) calculating the weights for all
elements of the AHP model, (d) examining the consistency of the preference ma-
trix and (e) creating the final ranking.

In our scenario, the adopted procedure involved the following tasks: (1) defin-
ing the goal; (2) determining the decision criteria; (3) structuring the decision prob-
lem at appropriate levels constituting the goal, criteria, sub-criteria and variants; (4)
comparing elements with each other and at each level; (5) calculations of eigenval-
ue, consistency index (ClI), coefficient of consistency (CR) and normalized values
for each criterion; (6) creating the final ranking for the eigenvalues, Cl and CR that
meet the conditions described in the AHP theory; and (7) choosing the facilities
from the candidate sets based on the results of analysis.

(1) The overarching goal of the analysis was to select 25 facilities from a candidate
set of 46 buildings of the Wroclaw University of Science and Technology campus.

(2) To determine the criteria and to perform the AHP procedure nine experts
representing employees, doctoral students and students of the Wroctaw University
of Science and Technology participated in the study. Representatives of the follow-
ing university units were involved: accessibility and support for people with disa-
bilities, current and former rector's proxy for people with disabilities, digital acces-
sibility coordinator, architectural accessibility coordinator, head of one of the uni-
versity’s departments, as well as two students and one PhD candidate.

(3) The constructed hierarchical structure for solving the problem using the
AHP approach is shown in Fig. 2. The goal of the analysis is situated at the highest
level of the hierarchy, the decision criteria at the intermediate levels (2-3), and the
candidate set of facilities is at the lowest level.

(4) The elements, in our case these are criteria and sub-criteria, were compared
with each other, in order to establish their significance. The procedure requires (1)
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n(n-1)

: 1)

pairwise comparisons, where n is the number (1 .... n) of the considered elements at
each of the AHP hierarchy levels.

Goal

[ Criterion 1 ] [Criterion ] [ Criterion n ]

Fig. 2. The adopted hierarchical structure of the AHP procedure applied in the study
(Blachowski and Hajnrych, 2021)

The construction of the matrix of preferences (comparisons) is performed ac-
cording to the following rules: the diagonal elements of the matrix are equal to
each other, the value of the element a with respect to the element b is the reciprocal
of the value of the element b with respect to the element a (Saaty T., 1980; Saaty
T., 2008) e.g. a1 and aiz according to (2)

ap =1 ay QAin
M= az 1 QAzn 2
anq Apy Qpp =1

(5) The values of the normalized matrix are determined from the equation (3)
and the priority vectors indicating weights of elements from equation (4).

aij
Wi = g ] aij @)
wp = Xjog wiay; 4)
where (5)
wj = % (5)

The comparisons are made from actual measurements or, more often, using
a grading scale that reflects the preferences of decision-makers (Saaty T., 1980).
This was our case. Individual preferences are determined by relative grades ex-


https://www.editorialsystem.com/editor/oiz/article/338429/view/
https://www.editorialsystem.com/editor/oiz/article/322563/view/

Multi-criteria methodology for evaluating university campus... 63

pressed as numerical values, usually using a 1 to 9 scale, where 1 means the above-
mentioned equivalence of the compared criteria, and 9 indicates that the first of the
compared elements is most strongly preferred over the second one. The grading
system used is shown in Tab. 1. Intermediate values of 2, 4, 6, 8 between the above
evaluations can also be used.

Table 1. The grading scale in the AHP method (based on Saaty T., 2008)

Gra.de (intensity Definition Description
of importance
1 Equal importance J_udgement favors both crite-
ria equally
3 Moderate importance j.“dge"?e”.‘ slightly favors
irst criterion
5 Strong importance j.“dge"?e”.‘ strongly favors
irst criterion
7 Very strong im- First criterion is favored very
portance strongly over the other
There is evidence that the
9 Extreme importance | first criterion is favored over
the other one

Next, the consistency of the assessments of experts participating in the study is
checked. It involves calculating the Consistency Ratio (CR) according to the for-
mula (6).

ﬂ

CR =12 (6)

where:
CI —is the consistency index,
RI —is a random index.

According to the AHP theory, matrices for which the value of this coefficient is
higher than 0.10 (10%) should be re-evaluated.

(6) Based on the results of assigning weights to the scores of facilities in each of
the criteria the weighted score of each element is calculated and (7) the ranking is
determined.

3. RESULTS

The group of experts involved in the study defined 8 evaluation criteria. These
criteria were used to rank the candidate facilities and select the 25 most suitable for
the DAG. The criteria (C) are:

— function of facility (C1),
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additional services provided in the facility (C2),

— number of users (C3),

number of users with disabilities (C4),

number of classrooms (C5),

— communication accessibility (C6),

— architectural accessibility (C7),

number of indications in the survey on the accessibility of the facilities (C8).

A 5-point rating scale was adopted for the criteria C2 to C8. With the value of 5
representing the highest number and the value of 1 the lowest number in each of
these criteria. For the C1 criterion, 7 sub-criteria were defined. These are: dean's
office (sub-criterion 1, SC1), library (SC2), central administration unit (SC3), seat
of student union (SC4), didactic activities in classes/laboratories (SC5), student
activity zone (SC6), organized events (SC7).

The additional services considered in C2 included: photocopying point, ATM,
shop, post office, vending machine, catering point. The value for the criterion was
assigned on the basis of the sum of services, using a scale of 1-5.

The C3 values for each facility were determined based on data from the univer-
sity unified student service system (jednolity system obstugi studenta, JSOS) repre-
senting the average number of users in the academic year prior to the study. The
values for each facility were classified into 5 classes and the appropriate value was
assigned to a given building.

The C4 values were determined based on data from the accessibility and support
for people with disabilities and the JSOS system. Again the values were classified
into 5 classes and the appropriate value was assigned to a given building.

For C5 the data representing the number of rooms and laboratories where di-
dactic activities take place in a given facility were obtained from the JSOS system.

The C6 was defined as the distance to public transport stop determined in GIS
with the value of 1 representing distance greater than 250 m and 5 lower than 250 m.

The C7 was determined on the results of accessibility audit. The values of 1t0 5
were assigned to each facility based on the results of the following questions: is the
building clearly marked? is the main entrance to the building adapted to the needs
of people with disabilities?, is there a concierge directly at the main entrance?, is
there an information board at the entrance?, is there an elevator in the building?, is
there a car park in the immediate vicinity of the building? And are there designated
spaces for people with disabilities in the car park?

The last, C8 values were determined by the results of a survey on the accessibil-
ity of the facilities with the number of indications of a given facility as a building
with barriers.

The candidate group of facilities comprised of 46 university buildings. Each fa-
cility in a candidate set was assigned a value (1-5) in each criterion (C1-C8). The
weights of criteria and sub-criteria were determined based on the results of ques-
tionnaires prepared by each of the experts in the group following the AHP method-
ology described in section 2.
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The results of this step are shown in Table 2 and Table 3 representing the calcu-
lated weights of criteria and sub-criteria for criterion 1.

Table 2. Criteria weights determined in the AHP procedure

Criterion number Weight [%6]
C1 17.3%
C7 14.7%
C4 14.7%
C8 14.5%
C3 12.3%
C6 10.4%
C5 8.5%
C2 7.6%

Table 3. Sub-criteria for C1 weights determined in the AHP procedure

Sub-criterion number Weight [%6]
SC5 43.2%
SC1 16.1%
SC6 11.9%
SC2 11.7%
SC7 9.5%
SC4 3.8%
SC3 3.7%

S hoe
¥
1
1
1
T
T
—
e
B e P
P

mmmm \Weighted AHP score = = = Median

Fig. 3. Graphical representation of the final AHP weighted score for the set of candidates
facilities
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The consistency ratio (CR) for the assessment of criteria weights is 2.1% and
the group’s consensus value is 52.1%. For the assessment of C1’s sub-cCriteria
weights the CR is 2.8% and the group’s consensus is 81.7%. The results for the set
of candidate facilities are presented in the graphical form in Fig. 3.

The final ranking of the selected facilities is presented in Table 4.

Table 4. The final ranking obtained in the AHP procedure

Ranking Camg;;lt))gilding AHPV\;VIeuighted
1. A-1 4.62
2. C-6 3.80
3. D-1 3.47
4, L-1 3.32
5. D-2 3.26
6. B-4 3.20
7. E-1 3.10
8. C-13 3.06
9. B-5 2.95
10 C-19 2.87
11 C-3 2.87
12 C-1 2.84
13. C-4 2.75
14 B-1 2.65
15. H-14 2.62
16. A-2 2.57
17. C-2 2.57
18. C-18 2.50
19. P-22 247
20. D-21 244
21. H-4 2.39
22. C-16 2.29
23. C-20 2.18
24. D-20 2.15
25. C-5 2.15
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The location of the selected buildings of the Wroclaw University of Science and
Technology campus as well as the location of the remaining buildings in the candi-
date set is presented on a map in Fig. 4.

According to the experts’ judgements the most important criterion is the func-
tion of a building (17.3%). Next, three criteria received comparable weights. These
are: (C7) — architectural accessibility of the building (14.7%), (C4) — number of
users with disabilities (14.7%) and (C8) — number of responses in the survey of
barriers (14.5%). The criterion considered to be the least important was (C2) —
additional services with 7.6% of the total weight.

In the assessment of sub-criteria importance for the (C1) — function of a build-
ing, the experts decided that the (SC5) teaching function (didactic activities in clas-
ses/laboratories) is the most important with 43.2% of the total weight. It is fol-
lowed by (SC1) — location of dean's office (16.1%) and two sub-criteria with simi-
lar weights, (SC6) location of student activity zone (11.9%) and (SC2) — location
of library (11.7%). The least important functions, according to the experts’ judge-
ments, are (SC4) — seat of the student union (3.8%) and (SC7) — university admin-
istration unit (3.7%).

The weighted scores describing the facilities in the candidate set are in the range
between 1.29 and 4.62. The theoretical maximum value is 5 and the obtained medi-
an value is 2.16. These values reflect the characteristics of individual buildings
described on a point scale (1-5) in each of the 7 selection criteria and the weights
of these criteria determined in the AHP method procedure.

3.1. Comments

The A-2 building, which was ranked 16™ in our results, has been substituted for
the next one in the ranking, i.e., the physical education P-23 building. This was due
to its planned modernization that will continue beyond the timescale of the Project.
In addition, 5 more objects with different characteristics that made it impossible
to include it in the analysis of buildings, were included in the DAG. These are, the
2 stations of the University’s cable car, the “Polinka”, as well as open-air facilities
such as the Alley of the Professors, the Odra Boulevard and the vicinity of the stu-
dent dormitories “Wittigowo”.

4. CONCLUSIONS

The presented study is probably the first one, which utilizes one of the MCDM
methods, the AHP, in the selection of university campus buildings for the purpose
of developing digital guides for users with disabilities. The adopted approach has
allowed for a multicriteria and multifaceted analysis and assessment of Wroclaw
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University of Science and Technology campus facilities aimed at selecting the
most appropriate ones to be included in the development of the Digital Accessibil-
ity Guide.

The consensus of the expert group in the assessment of the 7 criteria was rela-
tively low, which indicates a variety of opinions and the inclusion of different per-
spectives in the analysis. The obtained consistency ratio of the comparison matrix
was 2.8%, which in turn indicates that the weights of the criteria and the final rank-
ing were correctly assessed.

The AHP method has proved to be a reliable and efficient support in complex
decision making processes, such as the selection of buildings based on a set of
differentiated criteria.

On the other hand, the AHP method also has limitations in its application, such
as the assumption of full comparability of elements in the model, difficulties in
taking into account the dependencies between partial objective functions and the
need to involve and guide the group of engaged experts.
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WIELOKRYTERIALNA METODOLOGIA OCENY OBIEKTOW KAMPUSU
UNIWERSYTECKIEGO Z WYKORZYSTANIEM PODEJSCIA AHP

Streszczenie

W ramach realizowanego na Politechnice Wroctawskiej projektu ,,Politechnika Nowych
Szans” tworzony jest Cyfrowy Przewodnik, ktorego celem jest udostepnienie uzytkowni-
kom informacji o obiektach uczelni z uwzglednieniem potrzeb 0s6b z niepetnosprawnoscia.
Wybierajac 25 najwazniejszych obiektow, ktore znajdg si¢ w Cyfrowym Przewodniku,
dokonano ich oceny metodg hierarchicznej analizy problemu decyzyjnego AHP. Metoda
obejmowata opracowanie przez interdyscyplinarng grupe ekspertow struktury hierarchicz-
nej modelu, wyznaczenie siedmiu kryteriow oceny, opracowanie skali punktacji (1-5) lub
podkryteriow, a nastepnie znaczenia. Przyjete kryteria obejmowaty m.in. funkcje i ustugi
budynkéw, liczbe uzytkownikow, dostepno§¢ komunikacyjng i architektoniczng, liczbg
wskazan w ankiecie dostepnosci oraz liczbe sal dydaktycznych. Na potrzeby analizy dane
zostaly pozyskane od jednostek administracyjnych Politechniki Wroctawskiej, a takze
w trakcie audytow kazdego z analizowanych budynkéw. Na podstawie analizy charaktery-
styk blisko pigédziesieciu obiektow uczelni oraz wynikow oceny kryteriow wyboru i ich
znaczenia utworzono ostateczng liste rankingows. Konsensus grupy ekspertow wyniost
2,8%, a wazona punktacja obiektow zawierata sie w zakresie 4,68-1,29 przy medianie 2.16.
Zastosowane podejscie pozwolito na ustrukturyzowanie i zobiektywizowanie analizowane-
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go problemu decyzyjnego. Zaproponowana metoda wyboru obiektow strategicznych uczel-
ni ma charakter uniwersalny i moze by¢ wykorzystana w analizie kampusow innych uczelni
wyzszych.

Stowa kluczowe: AHP, analiza wielokryterialna, Politechnika Wroctawska, Kam-
pus, Cyfrowy Przewodnik
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