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Abstract. Every year, hundreds of thousands of students across Turkey make their university choices by passing
university admission exams. In addition to important issues such as specialization, university recognition, and the
city where the university is located, other issues, such as the facilities of university campuses, ease of transporta-
tion, and the availability of dormitories nearby, are also important in university choices. In this study, university
campuses are evaluated in terms of ease of access to nearby student dormitories and other important points of
the city by public transportation. The location valuation index (LVI) based on public transportation network
distance (PTND) is used as the evaluation criterion. The main difference of this study from other studies using
LVI is the use of the ordered weighted average (OWA) distance in terms of distance. The proposed OWA-based
PTND approach was applied to the data of Izmir, the 3rd largest metropolitan city in Turkey, and the university

campuses in Izmir.
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1 Introduction

According to the 2022-2023 academic year data published by the Council of Higher Education
(YOK), there are 6,950,142 students and 184,566 academic staff in 208 higher education insti-
tutions in Turkey (YOK student statistics, 2025). Student admission to universities in Turkey
is carried out in a centralized manner through the Higher Education Institutions Exam (YKS).
More than 3 million applications were made to the Higher Education Institutions Exam through-
out Turkey in 2024. Around 600 thousand students were placed in universities. It is known that
the campuses where students will study, as well as specialization and other criteria, have a sig-
nificant impact on university preferences. In evaluating campuses, in addition to their general
facilities, factors such as ease of access from the campus to other parts of the city, the density of
student dormitories around the campus, and ease of access to social and recreational areas are
important. Since the student body generally uses urban public transportation, it is more logical
to use the public transportation network (PTN) based distance to evaluate ease of access.
Evaluating housing or other real estate objects according to various criteria, such as location,
etc., is also widely included in urban planning studies (Smith et al., 2006; Ferrero, 2015; Nur-
soleh 2022). In the study (Nasiboglu & Nasibov 2023), the location valuation index (LVI) was
proposed to evaluate a location within the city borders regarding ease of transportation. The
studies later developed it (Nasiboglu et al., 2024,2025). Ease of transportation using the public
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transportation network throughout the city is considered in calculating LVI. While evaluating
transportation conditions, various criteria are considered, such as general ease of transporta-
tion to other parts of the city, ease of transportation to the hospital, ease of transportation to
shopping centers, and ease of transportation to open area recreation areas. For each criterion,
a certain number of points of interest (POI) are considered, and transportation to them is eval-
uated. When calculating the transportation distance, the average distance and the distance to
the nearest object are considered. On the other hand, it is possible to use multi-criteria decision-
making (MCDM) methods such as analytical hierarchy process (AHP), analytical network process
(ANP), best-worst method (BWM) etc. in calculating the weights of different criteria (Saaty,
2001; Triantaphyllou, 2000; Opricovic & Tzeng, 2004; Rezaei, 2015,2020; Pamucar et al., 2020;
Nasiboglu, 2025).

This study analyzed university campuses in Izmir, the third-largest metropolitan city in
Turkey, in terms of LVI. There are 11 universities and many colleges in Izmir (“List of universities
in Izmir, Wikipedia” 2025). Around 200,000 students receive education in these institutions.
Therefore, a study that concerns students is important. In evaluating university campuses, the
presence of dormitories in their proximity is an important factor. The important difference of
this study is that when LVI analysis is performed according to dormitories near the campus, the
ordered weighted average (OWA) distance to dormitories within a certain radius is considered.
OWA distance maintains a balance between the nearest object and the farthest object by means
of weights. By adjusting the criteria in the calculation of the OWA value, measurements such as
average distance, distance to the nearest or farthest objects, and average distance to a certain
number of nearest neighbors can be made (Nasibova & Nasibov 2010; Ulutagay & Nasibov, 2012).
In addition, the best-worst method was used to calculate the criterion weights. The reason for
choosing this BWM method is that it can provide more robust results despite the fact that fewer
pairwise criteria comparisons are required compared to other methods, such as AHP (Rezaeli,
2015,2020).

The article’s organization is as follows: Section 2 provides information on the OWA, LVI,
and BWM methods. Section 3 presents the proposed PTND-based OWA distance calculation
algorithm. Section 4 presents the Izmir data and analyzes the calculation results. The Conclusion
section provides a general evaluation of the article and hints at further studies.

2 Background
2.1 Ordered Weighted Average (OWA) and OWA-Distance

The OWA concept is one of the most frequently discussed mathematical concepts in the literature.
Since it was first proposed by Yager, various mathematically developed versions of the OWA
concept, such as induced OWA (IOWA), generalized OWA (GOWA), induced generalized OWA
(IGOWA), etc., have been proposed (Yager, 1988, 2004; Merigé & Gil-Lafuente 2009). The
OWA concept has applications in many different fields. Various OWA-based distances have been
proposed in the studies (Merigé et al. 2017; Tezel et al. 2017; Ulutagay & Kantarci 2014;
Ulutagay & Nasibov 2016; Bozyigit et al., 2018).

In this study, we will discuss the OWA concept (Definition 1) and the OWA-based distance
concept (Definition 2) as follows.

Definition 1. The ordered weighted average (OWA) of real numbers (a1, ... ,a,) with respect to
weights W= (wy, ... ,wy) is defined as in Equation 1:

OW Ay (z1,...,n) = Y _ wiag). (1)
i=1
Here a;y 1s the i.th largest value of the numbers ay, ... ,an, that is
aqy=maz(a, ... ,an), amy=min(ar, . .. ,an). (2)
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Definition 2. The OWA distance between sets X={x1,...,xn} and Y={y1,...,ym} with respect
to the weights W= (w1, ... Wnm) 1s defined as given in Equation 3:

Distowa(X,Y ;W) =OW Ay (d(zi,y5)|i=1,... ,n;5=1,...,m). (3)

Here d(x;,y;) is any classical distance measure between x;€X and y;€Y . For example, it can be
any of the Euclidean, Minkowski, etc. distances.

2.2 Location Valuation Index (LVI)

The Location Valuation Index (LVI) was first proposed in the study (Nasiboglu & Nasibov 2023)
to evaluate real estate located in a certain location in the city according to its location. It was
subsequently developed in the studies (Nasiboglu et al., 2024, 2025). In the creation of this
index, various criteria were used, depending on the user’s preference, as follows:

1. Accessibility to other parts of the city from the relevant location,

[\

. Accessibility to the metro,
. Accessibility to the green park area,

3
4. Accessibility to the hospital,

ot

. Accessibility to the university campus.

To evaluate according to each criterion, a certain number of important POI (Point of Interest)
objects from the facilities that meet this criterion were considered. Two types of aggregated
distance values, called PTN distance, were created from the distances to these POI objects:

(a) Average ease of access to all POI objects in the group;

(b) Ease of access to the nearest POI in the group.

The PTND value is considered as the length of the optimal path calculated using a modified
version of the Dijkstra’s shortest path algorithm on the urban public transportation network
(Bozyigit et al., 2018; Nasiboglu, 2022). In other words, the public transport-based distance of
the route between a source and destination pair of stops is calculated by adding the number of
stops located on the shortest line that can be reached by public transport between these stops,
the number of line transfers, and the penalty points given for consecutive walking. Therefore,
the PTND distance between two specific stops, depending on the optimal route R, is calculated
by Equation 4:

PTND (R)=D (R)+crT (R) +ewW(R), (4)

In Equation 4, the signs 7' (R) and D (R) indicate the number of transfers and the number of
stops on the route, respectively. The number of consecutive walks on the route is shown by
W (R). cr and ¢y parameters are the penalty multipliers used per transfer and per repetitive
walk, respectively.

In evaluating a certain location from the perspective of (a) above, the average ease of access
from the closest stop to this location to all other city stops is considered. In this case, each stop
in the city is a POI object, and the ease of access is calculated on average. For this purpose,
the average PTN distance of a certain stop s to a group g that constitutes a certain set of POI
objects, is calculated as follows:

> porey PTND(s, POI)

PTND (s, g) = - , (5)

Here, PTND(s, POI) is the PTN distance from stop s to a certain POI object.
From the perspective of (b), it may be more logical to calculate the closest distance to POI objects
in some groups rather than the average distance. For example, in groups such as hospitals and
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subways, access to the nearest object may be considered sufficient. In this case, the PTND value
can be calculated with the following Equation 6:

PTND (s,g) :PIg}Ielg PTND(s, POI) (6)

Definition 3. A weighted average of separate groups’ PTNDs was calculated with the Equation
7 is called an aggregated PTND of a location s:

PTND (s)=) v,PTND(s,g). (7)
geG

Here, vy is the normalized weight of the g€G group. Any of the MCDM methods mentioned
above, such as AHP, BWM, etc., can be used to determine the vy weights.

Finally, the location valuation index is calculated based on the aggregated PTND value of
the location.

Definition 4. The value determined by the Equation 8 below is called the Location Valuation

Index of location s:
1

LVI(s) = FTND () (8)

2.3 The Best-Worst Method (BWM)

The Best-Worst Method (BWM) is a multi-criteria decision making method handled in papers
(Rezaei, 2015,2020; Pamucar et al., 2020). The BWM method has come to the fore in recent
times because it requires less comparison and is a more efficient method than AHP. More detailed
information about the BWM method is given below.
Let’s say we have n criteria and we compare these criteria pairwise using a 1/9 to 9 scale.
The resulting matrix will be
A=aij, (9)

where a;; represents the relative preference of the criterion 4 over the criterion j. a;; = 1 indicates
that ¢ and j are of equal importance, a;;> 1 indicates that the criterion ¢ is more important than
J.

In the BWM method, it is possible to divide pairwise comparisons into two main categories:
reference comparisons and secondary comparisons. The a;; comparison is defined as a reference
comparison if 7 is the best item and /or j is the worst item. If neither ¢ and j are the best or worst
elements, the a;; comparison is defined as a secondary comparison. In order for the method to
work, only the matrix containing reference comparisons needs to be filled (Fig. 1).

Figure 1: Reference comparisons with the best and the worst alternatives.
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For matrix A to be reciprocal, a;= 1 and aij:% for all 7 and j. The pairwise comparison
J1

matrix A is considered to be fully consistent if:

a;parj=a;j, for all i,j. (10)
After the comparison matrix is filled, the criteria weights are calculated as (w}, ws, ..., w})
in the vector (§*,w},ws, ..., w;), which is the solution to the following optimization problem:
miné , (11)
s.t.
'ILUB_GBj va fO?“ all j: (12)
wj
Wy .
— —a;w Sg) fOT all Js (13)
ww
> owi=1, (14)
J
w; >0, for all j. (15)

The £* value in the optimal solution of — shows how consistent the comparison matrix
is. In the case of a fully consistent comparison matrix, £* = 0 is provided. Obviously, it is not
very possible to construct a fully consistent comparison matrix. In these cases, the concept of
consistency ratio (CR) calculated as follows is used (Rezaei, 2015):

f*

- Cosistency index’

CR

(16)

The smaller the CR value, which is in the [0,1] interval, means that the comparison matrix is
more consistent, thus the safer the decision-making result. The values used for the consistency
index are given in Table 1. Based on the apy reference value (the Best-Worst comparison) and
the number of criteria, the CR value must be below a certain threshold for the decision result to
be acceptable. These threshold values are given in Table 2. According to the table, for example,
if there are 6 criteria and agy = 7, then the threshold value for CR is 0.3931, that is, comparison
matrices with values of CR < 0.3931 are acceptable.

Table 1: Consistency index values used in the BWM method

aBw 2 3 4 5 6 7 8 9
Consistency 0.44 1.00 1.63 2.30 3.00 3.73 4.47 5.23
index

Table 2: Acceptable CR thresholds.

Criteria 3 4 5 6 7 8 9
apw

3 0.2087 | 0.2087 0.2087 0.2087 0.2087 0.2087 0.2087
4 0.1581 0.2352 0.2738 0.2928 0.3102 0.3154 0.3273
5 0.2111 0.2848 0.3019 0.3309 0.3479 0.3611 0.3741
6 0.2164 0.2922 0.3565 0.3924 0.4061 0.4168 0.4225
7 0.2090 0.3313 0.3734 0.3931 0.4035 0.4108 0.4298
8 0.2267 | 0.3409 0.4029 0.4230 0.4379 0.4543 0.4599
9 0.2122 0.3653 0.4045 0.4225 0.4445 0.4587 0.4747
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Let’s assume that the criteria importance levels are determined by the user as values in a
certain range (for example, between 1 and 10). Let w; be the significance level of each criterion
i (the raw weight). In this case, the criteria normalized weights can be calculated as follows:

w

wi:ﬁ, for all i. (17)

Obviously, in this case the criterion normalized weights will satisfy the following normalization
conditions:

Zwi: 1, and w;>0, for all i. (18)

The BWM will be used to calculate the weights of the factors taken into account in calculating
the LVI value.

3 OWA-Distance-Based Approach to LVI Analysis

In their studies (Nasiboglu et al., 2024, 2025), aggregation operators such as minimum and
average were used in calculating the aggregated PTN distance of a certain stop s to a certain
group g (see Equations 5 and 6). However, in some cases, it may be more logical to use different
aggregation strategies. For example, the k-nearest neighbor strategy can be used (Dogan, 2025).
Or, instead of using the closest dormitory to the university campus in calculating the LVI value
or using the average distance of all dormitories in the city, the average distance of a certain
number of dormitories around the campus may be more logical. In order to handle all these
situations more flexibly, it is suggested to use OWA as the aggregation operator in this study.
As it is known, the weights of the OWA operator can be adjusted to make it work like minimum,
average, maximum, etc. operators. Methods have also been proposed for inferring the weights
of the OWA operator from data (Nasiboglu et al., 2018). Table 3 provides information about
transforming OWA operator weights for different operators.

Table 3: The relationship of the OWA operator with other operators.

OWA weights Matching classical op- | Explanation

erator
wp, = 1; min(a,...,an) The smallest of all numbers.
w; =0, 1#mn
wy; = 1; mazx(ai,...,an) The largest of all numbers.
wi=0, i#1
w; = %, i=1,...,n. mean(ai,...,an) Average of all numbers.
w; = %, i=1,...,K; mean(acy, .- -,0(k)) Average of the K largest num-
w; =0, 1>K. bers.
w; = %, it=n—K+1,...,n; | mean(ag—r+41),---,0n)) Average of the K smallest
w; =0, 1<n—K+1. numbers.

In this study, the recommended aggregated PTN distance for the campus group is calculated
by the following Eq. 19:

PTNDowa(s, POIs) =OW Ay (PTND (s, POI,)) = Y w;PTND(s,POI,),.  (19)
POlIeg

Here PTND(s, POI 9)(1) shows the largest i-th distance when the distances from stop s to all
POlIs of group g are listed. The w; weights are the weights of the OWA operator. Obviously,
by adjusting the w; weights in Equation 19 in various ways, strategies such as the nearest, the
farthest, the average, the average of the nearest £ number of PTN distances from stop s to group
g, etc. can be adopted (Table 3).
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Thus, when all criteria are considered, the aggregated PTND distance of the campus to other
groups is calculated using Equation 20.

PTND (s)=Y vy PTNDowa(s, POI,). (20)
geG

Here v, is the normalized weight of the criterion group g€G. As a result, the LVI value of
location s will be calculated using Equation 8.

In light of the above, the methodology used in this study to calculate the LVI value of the
campus at any location s can be summarized as the Pseudocode 1.

Table 4: Pseudocode 1. Calculation of a Campus LVI value.

1 The location of the campus must be specified;

2 LVI evaluation criteria (groups) should be determined;

3 Criteria weights should be calculated with the BWM method;
4 According to each group:

4.a | - Set OWA weights for the group;

4.b | - Determine the set of POI objects for the group;

4.c | - Calculate the PTN distance values from the campus location to the
4.d | POI objects specified in Step 4.b;

- The OWA aggregated value of the distances calculated in Step 4.c
5 should be taken as the aggregated PTND value of the group;

6 The overall PTND value of the campus should be calculated as a
7 weighted average, taking into account the aggregated PTND values of
the groups and the group criteria weights;

The LVI value of the campus should be calculated inversely proportional
to the overall PTND value.

4 Application

4.1 Data Collection

The location valuation index approach was applied using the public transportation network
data of the city of Izmir, the data of the student dormitories in the city, and the data of the
university campuses in the city. As the 3rd largest city in Turkey with a population of over
4 million, Izmir has nearly 6,500 stops and nearly 700 public transportation lines. In addition
to the stop name and number, the geographical coordinates of the stop are also given. The
dormitory database collected the student dormitory’s name, status (state or private), student
accommodation capacity, latitude, and longitude coordinates. For example, information on 20
student dormitories is given in Table 4.

The campus database collects information such as the name of the university and the campus
to which it belongs, latitude and longitude coordinates, and the nearest bus stop to the campus.
Information on some campuses, which are generally located in the Science and Engineering
Faculties, is given in Table 5.
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Table 5: Information about student dormitories in Izmir.

No. | Name Status | Capacity | Latitude Longitude

1 Izmir Barbaros Kyk Erkek | state 285 38.3681373596 | 27.1796188354
Ogrenci Yurdu

2 Izmir Urla Kyk Erkek Ogrenci | state 350 38.3184483846 | 26.6438172658
Yurdu

3 Urla Latife Hanim Kyk Kuz | state 456 38.3184483846 | 26.6438172658
Ogrenci Yurdu

4 Gazi Ayse Hanim Kyk Kiz | state 1394 38.3742218018 | 27.1845207214
Ogrenci Yurdu

5 Hanzade Hatun Kyk Kz | state 1185 38.3730621338 | 27.1869239807
Ogrenci Yurdu

6 Ziibeyde Hanim Kyk Kiz | state 350 38.4571342468 | 27.2329559326
Ogrenci Yurdu

7 Bornova Kyk Erkek Ogrenci | state 650 38.4535408020 | 27.2261524200
Yurdu

8 Cigli Kyk Erkek Ogrenci Yurdu | state 1150 38.5146598816 | 27.0388164520

9 Atatiirk Inciralte Kyk FErkek | state 320 38.4132041931 | 27.0291614532
Ogrenci Yurdu

10 Hoca Ahmet Yesevi Kyk Kuz | state 920 38.3905410767 | 27.1811580658
Ogrenci Yurdu

11 Maya Erkek Ogrenci Yurdu private | 100 38.4640312195 | 27.2139511108

12 Ozel Palmira Kz Rezidans private | 200 38.3757362366 | 27.1806392670

13 Izmir Pelikan Erkek Ogrenci | private | 120 38.4506072998 | 27.2302017212
Apartlarz

14 Universite Ogrenci Evi - Erkek | private | 150 38.3677291870 | 27.1964149475
Yurdu

15 Bornova Yiikselis Kz Ogrenci | private | 300 38.4541015625 | 27.2040996552
Yurdu

16 Ozel Kilgoglu Kiz Ogrenci | private | 250 38.4519329071 | 27.2012147903
Yurdu

17 Ozel Yiikselis Erkek Ogrenci | private | 300 38.4537696838 | 27.1997432709
Yurdu

18 Adef Kuz Ogrenci Yurdu private | 280 38.3698959351 | 27.1895465851

19 Ozel Kilicoglu Erkek Ogrenci | private | 250 38.4519329071 | 27.2012147903
Yurdu

20 Buca Sim Kiz Ogrenci Yurdu private | 210 38.3757362366 | 27.1806392670

Table 6: Information about university campuses in Izmir.

No | Name Latitude Longitude | The nearest
stop to the
campus

1 DEU Egitim Fakiiltesi 38.38691052 | 27.16777781 | 5363

2 DEU Merkez kampiis 38.37051327 | 27.196923 5023

3 DEU Tup Fakiiltesi 38.3885603 27.03054488 | 5675

4 Ege U. Miih. Fakiiltesi 38.453409 27.232285 4107

5 Ege U. Tup Fakiiltesi 38.45701996 | 27.21134599 | 3922

6 Izmir Bakir¢ay U 38.58758773 | 26.963274 3283

7 Izmir Demokrasi U 38.39350142 | 27.073536 245

8 Izmir Ekonomi U 38.38784 27.04449 5794

9 Izmir Katip Celebi U 38.51213743 | 27.0294551 3153

10 Izmir Yiiksek Teknoloji E 38.31523565 | 26.6377564 6106

11 Yagar U. Miih. Fakiiltesi 38.45493219 | 27.2016452 3930
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4.2 Determination of Criteria Weights

In this study, the following criteria were used as evaluation criteria: 1. General access, 2.
Proximity to student dormitories, 3. Access to the metro, 4. Access to the green park area, 5.
Access to the shopping mall, 6. Access to the hospital, 7. Access to the intercity bus terminal,
and 8. Access to the airport. The Best Worst Method method mentioned above was used to
determine the criteria weights. The most important criterion was determined as "2. Access
to dormitories" and the least important criterion as "5. Access to the hospital". The most
important criterion and the reference comparison values are as follows:

ap1= 3 (important), aps=1 (equally important), aps= 5 (highly important), ags= 3 (im-
portant), aps= 5, (highly important), agg= 7 (extremely important), apr= 7 (extremely impor-
tant), aps= 7, (extremely important).

The comparison values with the least important criterion are:

ajw= "5 (highly important), agw =7 (extremely important), agw= 5 (highly important),
asw=>5 (highly important), asyw= 5 (highly important), agw= 1 (equally important), az= 3
(important), agyy= 3 (important).

Using these comparisons, the weights of the criteria are calculated as follows:

w1= 0,12; we= 0,35; ws=0,12; wy= 0,13, ws= 0,12, wg= 0, 04; wy= 0,07, wg= 0, 05.

A total of 43 metro stations, 63 student dormitories, 5 hospitals, 5 large green parks, an intercity
bus terminal, and an airport were used to create POI objects based on criteria (groups). In order
to evaluate the general transportation to other parts of the city, 10 stops were randomly selected
throughout the city. Table 6 provides POI groups (criteria), criteria weights, the number of POIs
in each group, and the method of calculating the aggregate values in the same group.

Table 7: Criteria used in calculating LVTI.

Group Group name Weights of | POI OWA weights Aggregation
No. criteria count method
(n)

1 General access 0,12 10 w; = %, i=1,...,n. Average

Dormitories 0,35 63 w; = %, i=n—K+1,...,n; | K-NN (K=3)
w; =0, i<n—K+1.

3 Metro 0,12 43 wy, =1, w; =0, i#n. Minimum

4 Green Park | 0,13 5 wy, =1;w; =0, i#n. Minimum
Area

5 Shopping mall 0.12 5 wy, =1, w; =0, i#n. Minimum

6 Hospital 0,04 5 wy, =1, w;, =0, i#n. Minimum

7 Bus terminal 0.07 1 wy =1;w;, =0, i#n. Minimum

8 Airport 0.05 1 wy, =1, w; =0, i#n. Minimum

Table 7 provides information on the General Access and Dormitory Access criteria for each
campus. Tables 8-13 provide information on other criteria.
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Table 8: Information was calculated for General access and Dormitory access groups.

Campus Average dis- Average walk- Average num- Average PTND
tance by bus ing distance ber of transfers
(km) (m)
General Dormitory General Dormitory General Dormitory General Ac- | Dormitory
Access Access Access Access Access Access cess Access
DEU 34.5 0 341.1 513.4 2,5 0 75.9 6.0
Egitim
Fakiiltesi
DEU 36.7 0 601.0 85.00 2.7 0 85.7 2.0
Merkez
kampiis
DEU Twp | 36.0 3.8 316.2 37.0 1.9 1 66.0 16.67
Fakiiltesi
Ege U. | 384 0 672.4 180.4 2.6 0 72.8 2
Miih.
Fakiiltesi
Ege U. Tip | 36.2 1.2 386.1 54.6 1.7 0 61.0 7.0
Fakiiltesi
Izmir . 55.2 11.4 409.4 146.8 3.3 1 101.9 25.33
Bakirgay U
Izmir 35.1 0.0 550.6 57.9 2.8 0 66.3 2.0
Demokrasi
U
Izmir ) 36.0 3.5 508.4 95.1 2.2 0.0 69.9 12.0
Ekonomi U
Izmir Katip | 46.3 1.2 357.8 0.0 3.3 0.0 89.3 5.67
Celebi U
Izmir 63.2 40.0 293.2 37.0 2.5 1.0 114 79.67
Yiiksek
Teknoloji E
Yagar 36.8 0.0 587.9 155.5 2.4 0 65.3 2.0
U. Miih.
Fakiiltesi
Table 9: Calculated information for the nearest stop for the metro group.
The near- | Total dis- | Total Number of | PTND
Campus est stop of | tance by | walking transfers
the group bus (km) distance
(m)
DEU Egitim Fakiiltesi 5608 1.7 0 0 8.0
DEU Merkez kampiis 5608 5.3 0 0 18
DEU Tup Fakiiltesi 6248 3.7 0 0 13.0
Ege U. Miih. Fakiiltesi 4092 2.0 271.5 0 11.0
Ege U. Twp Fakiiltesi 3795 0.4 0 0 4.0
Izmir Bakircay U 3214 7.5 0 0 13.0
Izmir Demokrasi U 242 0.3 0.0 0 4.0
Izmir Ekonomi U 6250 3.1 281.3 0 16.0
Izmir Katip Celebi U 2468 3.9 0.0 0 11.0
Izmir Yiiksek Teknoloji E 6266 39.5 293.2 0 78.0
Yagar U. Miih. Fakiiltesi 3930 0.0 0.0 0 0.0
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Table 10: Calculated information for the nearest stop for the green parking area group.

The Total dis- | Total Number | PTND
Campus near- tance by | walking of

est stop | bus (km) | distance | trans-

of the (m) fers

group
DEU Egitim Fakiiltesi 5368 0.7 300.0 0 8.0
DEU Merkez kampiis 5008 2.2 0 0 9.0
DEU Tup Fakiiltesi 4574 28.3 420.5 1 26.0
Ege U. Miih. Fakiiltesi 4574 2.0 551.7 0 14.0
Ege U. Twp Fakiiltesi 4573 0.6 0 0 5.0
Izmir Bakircay U 172 28.2 83.5 1 47.0
Izmir Demokrasi U 179 8.4 105.9 2 24.0
Izmir Ekonomi U 179 11.2 281.3 1 25.0
Izmir Katip Celebi U 3054 10.5 278.3 1 25.0
Izmir Yiiksek Teknoloji E 179 47.9 98.3 2 91.0
Yagar U. Miih. Fakiiltesi 4573 1.3 255.4 0 9.0

Table 11: Calculated information for the nearest stop for the shopping mall group.

The Total dis- | Total Number | PTND
Campus near- tance by | walking of

est stop | bus (km) | distance trans-

of the (m) fers

group
DEU Egitim Fakiiltesi 35 8.3 0 0 18.0
DEU Merkez kampiis 35 12.0 0 1 31.0
DEU Tup Fakiiltesi 6256 3.6 0 0 13.0
Ege U. Miih. Fakiiltesi 4903 1.8 400.9 1 17.0
Ege U. Twp Fakiiltesi 332 15.7 163.8 0 9.0
Izmir Bakircay U 2594 17.0 83.5 1 34.0
Izmir Demokrasi U 1984 0.3 148.2 0 7.0
Izmir Ekonomi U 6263 3.0 281.3 0 16.0
Izmir Katip Celebi U 2594 7.4 0.0 0 16.0
Izmir Yiiksek Teknoloji E 6253 39.8 0.0 0 76.0
Yagar U. Miih. Fakiiltesi 4903 2.8 255.4 1 15.0

Table 12: Calculated information for the hospital group to the nearest stop.

The Total dis- | Total Number | PTND
Campus near- tance by | walking of

est stop | bus (km) | distance trans-

of the (m) fers

group
DEU Egitim Fakiiltesi 5363 0 0 0 0.0
DEU Merkez kampiis 5023 0.0 0 0 0.0
DEU Tup Fakiiltesi 5673 0.4 0 0 4.0
Ege U. Miih. Fakiiltesi 3921 5.2 430.7 1 26.0
Ege U. Tup Fakiiltesi 3921 2.6 163.8 0 14.0
Izmir Baker¢ay U 188 30.0 369.3 3 56.0
Izmir Demokrasi U 5674 3.4 280.7 1 18.0
Izmir Ekonomi U 5674 1.4 133.3 1 13.0
Izmir Katip Celebi U 188 20.4 285.8 3 42.0
Izmir Yiiksek Teknoloji E 5673 36.6 0.0 0 67.0
Yagar U. Miih. Fakiiltesi 3921 1.9 0.0 0 10.0
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Table 13: Information calculated for the nearest stop for the intercity bus terminal group.

The Total dis- | Total Number | PTND
Campus near- tance by | walking of

est stop | bus (km) | distance | trans-

of the (m) fers

group
DEU Egitim Fakiiltesi 3821 12.3 0 2 33.0
DEU Merkez kampiis 4759 15.9 9.6 0 36.0
DEU Tup Fakiiltesi 4056 24.9 155.7 1 21.0
Ege U. Miih. Fakiiltesi 4056 5.5 467.2 1 19.0
Ege U. Twp Fakiiltesi 4056 2.9 163.8 0 7.0
Izmir Bakircay U 3821 32.8 366.6 3 68.0
Izmir Demokrasi U 4056 22.3 436.3 2 20.0
Izmir Ekonomi U 4056 24.3 437.0 2 27.0
Izmir Katip Celebi U 3821 23.2 283.1 3 54.0
Izmir Yiiksek Teknoloji E 4056 61.1 155.7 2 87.0
Yagar U. Miih. Fakiiltesi 4056 3.6 419.3 1 14.0

Table 14: Calculated information for the airport group to the nearest stop.

The Total dis- | Total Number | PTND
Campus near- tance by | walking of

est stop | bus (km) | distance trans-

of the (m) fers

group
DEU Egitim Fakiiltesi 350 15.0 146.9 1 41.0
DEU Merkez kampiis 398 13.9 1046.6 2 51.0
DEU Tup Fakiiltesi 398 17.0 0.0 1 25.0
Ege U. Miih. Fakiiltesi 398 22.9 467.2 2 32.0
Ege U. Tip Fakiiltesi 398 20.3 163.8 1 20.0
Izmir Baker¢ay U 398 44.0 83.5 3 75.0
Izmir Demokrasi U 398 14.5 280.7 2 24.0
Izmir Ekonomi U 398 16.4 281.3 2 31.0
Izmir Katip Celebi U 398 34.3 0.0 3 61.0
Izmir Yiiksek Teknoloji E 398 53.2 0.0 2 91.0
Yagar U. Miih. Fakiiltesi 398 21.0 419.3 2 27.0

5 Results and Discussion

The code of the algorithm we propose for calculating the location valuation index is written in
Python 3 programming language. The walking distance at a time is limited to 300 meters. The
value of the penalty point added for each additional walking and each line transfer number on
the route is equal to 3. Depending on the criteria group, the OWA weights are adjusted, the
PTND values are calculated according to Equation 7, and the LVI value is calculated according
to Equation 5.

The haversine formula specified in equation 21 is used to calculate the distance between any
X=(¢1,A\1) and Y= (¢2, \2) points given by geographical latitude and longitude coordinates
(Brummelen 2013):

(21)

0.5
d(X,Y)=2R sin”" [sin2 <¢12¢2> +cosgycospasin® <)\1 2)\2)] ;

In Equation 21, R is the radius of the Earth (R= 6367450 m); ¢ is latitude, A longitude of
the relevant locations.
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The software calculates information such as the nearest stop, length of the bus route, walk-
ing distance, number of transfers between lines, and PTND value for each campus and each
group. Records are saved in a file. Then, the general LVI values of the campuses are calculated.
Aggregated PTND and LVI values for each campus are given in Table 14.

Table 15: Aggregated PTND and LVI values of campuses.

No | Campus name Aggregated LVI
PTND
1 DEU Egitim Fakiiltesi 19.73 5.0689
2 DEU Merkez kampiis 23.10 4.3283
3 DEU Tup Fakiiltesi 23.13 4.3228
4 Ege U. Miih. Fakiiltesi 18.59 5.3804
5 Ege U. Tup Fakiiltesi 14.03 7.1276
6 Izmir Bakircay U 43.59 2.2939
7 Izmir Demokrasi U 16.42 6.0916
8 Izmir Ekonomi U 23.64 4.2305
9 Izmir Katip Celebi U 27.70 3.6102
10 Izmir Yiiksek Teknoloji E 84.88 1.1781
11 Yagar U. Miih. Fakiiltesi 14.24 7.0244
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Figure 2: LVI values of university campuses.

The general transportation criterion reflects the general ease of access to other city points.
Since it takes a long time to calculate the access to each of the 6475 stops in the city, 10 stops
covering various parts of the city were randomly selected to represent them. The average method
was used as the aggregation method for the PTND values in this group. The number of POIs
and aggregation methods used in the other groups are given in Table 6.

It was seen that the LVI values of the campuses were in the range of [1.1781, 7.1276] based
on the general criteria (Table 14). This range was divided into 3 bins from points 3.0 and 5.0
(Figure 2). Color adjustments were made for each bin. The colors were set as "Orange" for low
LVI values, "Salmon" for medium LVI values , and "Red" for high LVI values. Color adjustments
of the bins according to LVI values are given in Table 15. The heatmap of university campuses
according to LVI values is given in Figure 3. As seen in Figure 3, the Ege University campuses
have high LVI values. This is because metro stations and bus lines are more frequent in the
Bornova region, where these campuses are located. Conversely, the Buca region, where the DEU
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central campus is located, has lower LVI values due to the lack of metro stations and its location
on the city’s outskirts.

Table 16: Color settings of campuses according to their general LVI values.

LVTI interval Color
[1.1781, 3.0) “#FFA500” (Orange)
[3.0, 5.0) "#FA8072" (Salmon)
5.0, 7.1276] TZFF0000" (Red)
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Giiner:
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Figure 3: Heatmap of university campuses according to LVI values.

6 Conclusion

When students make university choices, in addition to basic criteria such as specialization, uni-
versity recognition, the city where the university is located, the locations of university campuses,
the presence of nearby dormitories, the cost of transportation to other important places in the
city, and the time spent on the road are also important. In this study, an analysis of university
campuses was conducted. Considering that the student body generally uses public transporta-
tion within the city, we thought that it would be more logical to use PTND based on public
transportation as the transportation distance. In the study, LVI analysis based on PTND of
university campuses in Izmir was conducted based on these issues. According to the general LVI
values, it is seen that university campuses in Bornova region stand out more. This is primarily
due to the presence of a metro line and other public transportation lines in the Bornova region.
Furthermore, this region is located close to the city center, meaning there are numerous green
parks, hospitals, shopping malls, and other services nearby. It is seen that university campuses
in Buca and Narlidere regions are next. IYTE and Bakercay University Campuses were observed
to have the lowest LVI values because they are located very far from the city center; therefore,
there are not many service areas, such as hospitals, shopping centers, etc., nearby.

Finally, in efforts to address traffic congestion and reduce air pollution in major cities, it’s
clear that while public transportation is crucial, alternatives to public transportation, such as
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private cars, bike paths, and pedestrian walkways, are also crucial. Therefore, LVI assessments
based on trip analysis by other modes of transportation could also be considered in future studies.
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