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Abstract:

In this paper, statistical methods and statistical programs were used in arranging and analyzing raw
data to obtain criteria and weights that are used with geographic information systems (GIS) and
spatial analysis programs in determining the proposed school sites in the holy Karbala governorate,
depending on several criteria, including (population, number of students,the number of classes, the
distance of school from the street, the number of teachers). TOPSIS Method was used using Matlab
and Geographic Information Systems (GIS) for the purpose of analyzing factors and restricting
them to the main factors and knowing which factor is the most influential.

It was concluded that the geographic information systems (GIS) program has a great potential in the
field of locating crowded schools through students and population preparation in order to determine
the need to de-inflation in them as well as to prepare a strong geographical database, containing
natural and human variables affecting the educational reality as well as the ability diagnosis of
defects according to statistical methods such as the near neighborand standard distance, and
building educational databases aimed at ease of exchange and analysis of information. Schools were
classified according to the school's degree (primary, intermediate, secondary and High secondary)
according to the importance of the TOPSIS method (of the utmost importance, the most important,
the important and the least important) The percentages of schools with overcrowded were
respectively obtained as follows (42, 11, 3, 7) from the total number of schools in the Karbala
Governorate center.

Keywords: categorical data; make decision; Geographic Information Systems (GIS); Classification
of schools; TOPSIS
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1- Introduction

This study relied on categorical data approaches and based decision-making
method (MCDM), which is an appropriate way to solve problems when decision
makers find it difficult to determine the best alternative based on many factors
that must be taken into consideration. TOPSIS' method was used to select
overcrowded schools. Geographical information systems (G.1.S) were used to
determine places and coordinates for them and to draw geographical maps.

2-Research problem

The problem of the study and its justifications represented the existence of an
urgent need to analyze educational services and the distribution of schools in the
Holy Karbala Governorate. The problem of selecting sites and the comparison
between them can be described as the problem of multi-criteria decision making
(MCDM).

3- Research Objectives

The research aims to apply a scientific and practical methodology to find the best
sites for temporary schools in the holy Karbala governorate, as well as to make
compatibility tables for the data classified in terms of academic level (primary,
intermediate, preparatory) and draw a roadmap to it using Geographical
Information Systems (Gis) in order to reaching the best suitable distribution for
educational schools, based on a methodology that integrates the GIS,
disaggregated data, and the classic method (TOPSIS).

4- The Classical TOPSIS Method

In many multi-choice situations, people aspire to make a "calculated" decision
from a scientific viewpoint, there are analytical and numerical methods that take
into account multiple alternatives with multiple criteria. The TOPSIS method is a
multiple choice preference technique by analogy with the ideal solution, and it is
one of the numerical methods for making multiple criteria decisions, as
complexity arises when there is more than one decision maker. One is because
the preferred solution must be agreed upon by interest groups that usually have
different goals. The classic TOPSIS method is explained to the single decision
maker and group decision-making methodically, and there are cases based on the
TOPSIS method, which are based on the following: (Penjani HN, 2018)

"The basic principle is that the chosen alternative should have the shortest
distance from the positive ideal solution and the longest distance from the ideal
negative solution."

We have m options (alternatives) Ai, each dependent on n parameters (criteria)
Xjwhose values are positive real numbers Xj;

And here we must choose the best alternative (option). (G. H. Tzeng, 2011)

5-Mathematical model of the method:
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Start, the parameter values of Xij must be balanced according to the
normalization procedure. Assume that aj is the parameter values that are
normalized. Each alternative (option) A is expressed as a point

A (ai1,. ..,ain) €R"

Choosing the optimal value a * j € {ayj, ....,Amj} for each parameter of Xj, we will
define the positive optimal solution A * = (a *1,... .a *»). On the other hand, the
negative ideal solution will be A - = (a 71,... .a &), the positive and negative
optimal solution is also denoted by A +, A-.

. d(4;,A) 1

Cd(Ay A + d(A, A) _AGzAT)
d(A;,A7)+1

(D)

Option A " is the optimal solution if:
D*at+ =Max{D"1,.....,.D"n}

Option A" is the bad solution if it is
D*a =Min{ D", .....D"m}

And other options between these two terminal values. And the Great distance
D* =Maxi=1,2,....m D*i

It is usually called TOPSIS. (J. Xu, 2012)

6- Geometricrepresentation of the TOPSIS method:

Figure (1) shows the initial arrangement of alternatives in the TOPSIS method
for n = 2, the parameter X; = X"1 has a monotonic increasing preference, the
positive and negative optimal solutions A" and A * are located in the diagonally
opposite sites, the best solution is the alternative A7 close to Positive Optimal
Solutions (KA Yoon, 1987: pp. 277-286)

,P'I

Figure (1) Geometric representation of the TOPSIS method
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These types of methods allow compromise between different criteria, as a bad
result in one criterion can be compensated for by a good result in another
criterion. An assumption of TOPSIS is that each criterion has either an increased
or a decreasing preference. Because standards can be modeled, compensatory
methods are used, including certainly TOPSIS, which are widely used in various
multi-criteria decision-making sectors. (I. B. Huang, 2011: PP.3578-3594)

7- Procedures for calculating the TOPSIS method:

We will test m of substitutes Ay, ..., Am Of each alternative A, relative to n of the
criteria X1, X, ..., Xn, Which is expressed in positive numbers xij. The criterion X,
....Xk 1s useful (monotonic increasing preference) and the criterion Xk + 1, ... .Xn IS
not useful (monotonic decreasing preference) and weights w; for criterion x; are
given such that ¥%_; wj = 1. It is necessary to choose the best alternative. Initial
table and decision matrix: For better insight, the alternatives, criteria, and
weights specified in Table (1) are the initial distribution of the TOPSIS method.
(G. R. Jahanshahloo, 2006: pp. 1544-1551)

Table (1) distribution of standards and weights for TOPSIS

CRIT Ty x| | g
ERIA [ er.1|er.2]|...|crm
weights ” 1wy | wa ‘ | T |
Ay Ty | T Ty
As ray | ro T
Am Tmi | Tm2 | ... | Tmn

xll x12 s -xln
X21 X22 e X20n

X= : ; 2 1...(2)
Xm1i Xm2 - Xmn

It should be balanced, as long as the numbers Xxij represent values of different
parameters in different units of measure. First, we must also take into account the
weights wj; of the standard Xx;, and first the scale numbers x;; for the x; standard
are replaced by the normal or relative numbers. (K. A. Yoon, 1987: pp. 277-286)

X . .
= m’ Jforiel =f2A ,m}yand jeJ ={L2,A ,n}
2
/ X
i=1

Which belongs to the open period (0,1), and according to the participation wjx; of
the xjcriterion, the rjj is replaced by the weighted standard numbers
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It belongs to duration (0,1), and the additional data processing uses a standard
weighted decision matrix

. Qn
..az.n

()

. Qmn

If all weights are exactly equal, and in the case of wj = 1/ n, then the numbers r;j
can be applied to the matrix A as well as the numbers aj.

Table (2) illustrates the extraction of the standard weighted decision matrix A
and all the data that we will calculate and we will try to write them in one table.
|. B. Huang, 2011: PP.3578-3594)

Table (2) working table for the TOPSIS method

'RIT i 1 x} ry fio d d° J
CRIT 1 H el o . D+
ERIA |[er. 1 |er.2| ... |erk |er. k41| ... | er.n || dips | dins | topm

Ay apy | @ | ... | aw ay k41 coo | @in di d; D3

Ag agy a oo | aog ag p41 co. | aop ll‘.: u’é DS

Am Al Qm2 | s | @mk Qm ks1 ves | Qmn ,_.’;‘” ’f- r)‘-

A at a3 .| oap ag, .| oan A* A d*~d

A® af as | ... | aj ap. R

The coordinates a “j of the optimized positive solution A * = (a",... ..a") will be
chosen according to the following formula:

Calculate the normal weighted value ajj

Where w; is the weight value of the j™ criterion, and 2w =1.
Determine the ideal positive A + solution and the ideal negative A- solution.

A" ={(a],a; A 'a:)}:{(maxaij“ € SB)’(m_in aij|j €S¢)}
A" ={(a;,a;,A ,a;)}:{(m'in aij|j € SB)’(m_aXaij“ €S.)}

The numbers d + i for columnd * = (d *1,... ..d *m) Tis the distance from points A;
to point A", which is calculated according to the following formula:

dr =d(A,A)= \/ijl(aij —a’ ), viel..(5)
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The numbers d-i for columnd "= (d4, ......... , dm) Tis the distance from points
Ai to point A" which is calculated according to the following formula:

d =d(A,A )= \/Z?Zl(aij —a7)?,Viel..(6)

The numbers D “ i for column D ™ = (D", ..., D"w) Tis the distance from points A
to points A * and A", which is expressed in the following form:

. d dAA) .
Di= 0 +d- = d(Ai,A*)+d(Ai,A’)m(7)fO”e l.

If it was:
D*ii= Max{D*1,.....D*m}
We accept the Ail alternative as the best solution, if it is

= min{D*y,...... ,D*u}D*i2

We accept Ai2 as a bad solution. To classify the alternatives using this indicator,
we can choose the best alternative with the maximum relative convergence
value.(Parkhan, 2018)

8- Data Description

The research data included the information available in the records of the
General Directorate of Education in the Holy Karbala as well as the Holy
Karbala Governorate Office / Department of Geographical Parameter Systems to
obtain aerial maps and the Karbala center for studies and research / specialized
studies division The study area and the criteria used were obtained as follows:

A:: Population by age group

Az: The number of students in the school

Agz: The number of people in the school

Ay: distance school from the street

As: The number of teachers in the school

C: The proposed educational schools in Karbala Governorate N=1,2 ...... , 489

Five criteria were defined and the opinion of experts with specialization in
geographic information systems, statistics and education was taken through the
expert evaluation form number (118), as well as real data for the population and
the number of students.

9- Study area
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The appropriate sites will be determined according to the population density in
the holy Karbala region, as the study includes the ancient kasbah of the holy city
of Karbala, and the main point between the two holy mosques has been
determined and Buffer work for the study area 10km

10-The results:
10-1 Decision Matrix

Preparing the matrix of even comparison based on the weights resulting from the
main vectors of the decision matrix. The main diameter of the decision matrix is
units.

Table (3) matrix of paired comparison of criteria

Ab Ad A3 A2 Al Criteria
4 2 3 1 1
Al
4 3 2 1 1
A2
3 2 1 0.5 0.33
A3
2 1 0.5 0.33 0.5
A4
1 0.5 0.33 0.25 0.25
A5
14 8.5 6.83 3.08 3.08
Column totals

Table (3) matrix comparison of paired comparison of criteria was prepared by the
opinions of experts specialized in this field to determine the importance between
each criterion using table (2) measures of relative importance between the
standards, and then building a matrix of marital comparison of standards.

10-2 Priorities for Criteria

Depending on the decision matrix, it was found that the probability weights
resulting from the criteria based on the pairwise comparisons are as follows:

Table (4) the (relative) priorities of the probability weights resulting from the criteria

(-) (+) Rank priority Criteria Category
10.60% | 10.60% 1 32.60%=33 Al Population by age groups
3.30% 3.30% 2 31.60%=31 A2 The number of students in the
school
4.80% 4.80% 3 17.20%=17 A3 The number of people in the
school
2.90% 2.90% 4 11.90%=12 A4 After school from the street

15025



Decision Making Methods and Classifying Schools by Using TOPSIS PJAEE, 17 (6) (2020)

1.10% 1.10% 5 6.70%=7 A5 The number of teachers in the
school
From Table (4), the criteria were determined according to the importance and
ranking of each criterion, and the number of population by age groups was the
most influential to determine the most overcrowded schools, and the result of its
probability weight was (32.60), and after that the number of students in the
school was the second best criterion by (30.60) .
10-3 Estimating consistency ratio
Compute the consistency index (Cl).
Cl = Mo =1
n-1
Since n is the number of items being compared
Compute the consistency ratio (CR)
CR= ¢l
RI
Since RI is a random index, it is the consistency index of a randomly generated
pairwise comparison matrix. It can be shown that Rl depends on the number of
items being compared.
Multiply each value in the first column of the pairwise comparison matrix
according to the relative priority of the first element searched. And the same
procedures for other items. Sum the values across the rows to get a vector of
values named “weighted sum”
Calculate the calculated values (A, )
e =9.109
cl=tm=n 5109754 5o00s
n-1 5-1
CR= Cl_002725 0.024<0.02725 = %2.4
RI 111

Note that the degree of consistency resulting from the pairwise comparison
matrix is acceptable.

10-4Results of the classic method (TOPSIS)

The classification of schools is based on criteria. The higher the value of the
indicator, the better the alternative is evaluated as:

Di*1<1>0
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TOPSIS is widely applied to a wide variety of decision-making problems. This
method is based on the concept that the definition of the best alternative is one
that must, simultaneously, be closer to (have the shortest Euclidean distance
from) the positive ideal solution (PIS). And further from the ideal passive
solution (NIS). The final ranking is obtained by the convergence index and the
centers are classified according to the proximity coefficient into four sections: -

The schools were the most important for elementary schools and this is due to
the great momentum of the pupils as shown in Map (1) below:

Legend

@® schools classification

street1

Lt JAbad Buffers

rec_pupils

VALUE

| 1
1.000000001 -

| 2.000000001 -
3.000000001 -

|| 4.000000001 -
6.000000001 -

- 0O H» W N

,148,276,890

—-— Kilometers
0 125 25 5 5

Map (1) class map and classification of schools of primary importance for the TOPSIS

method (researcher’s work)

As shown in Table (5) below that these values are arranged according to the
significance of the impact of each criterion and that the interpretive ability of
these criteria resulted in the approach coefficients for centers of utmost
importance. Schools and finally secondary schools 3 schools with the most
influence, according to the interpretive ability of each criterion
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Table (5) class and classification of schools of greatest importance for TOPSIS method

Middle school is most important for unlocking the momentum with TOPSIS
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Table (3-18) results of (TOPSIS) method

maximum Primary
Importance
11 maximum Medium
Importance
3 maximum high school
Importance
7 maximum Junior high
Importance
63
329

11- Conclusions

Through the outputs on the applied side, we reached the following conclusions:

1. Depending on the decision matrix, it was found that the most important
criterion with the highest probability weights resulting from the criteria based on
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the pairwise comparisons is the population according to age groups and it was
32.60 and then the number of students in the school which amounted to 31.60
which formed the largest effect of choosing the most massive schools.

2. The schools were classified according to the school's degree and the
importance of the TOPSIS method, and the following was found:

A- 1" class: Primary schools, with 42 being the most populous of the total
number of schools.

B- 2" class, middle schools, which are 11 of the most crowded out of the total
number of schools.

C- 3" class secondary schools, which are the most populous 3 of the total number
of schools.

D- 4" class, preparatory schools, being 7 the most crowded out of the total
number of schools.

3. The study proved that geographic information systems (GIS) technology has
great potential in the field of selecting sites for schools in which there is
overcrowding, as well as preparing a geographical database, containing natural
and human variables affecting the educational reality in addition to the great
ability to diagnose defects according to statistical methods. As an indication of
the link between neighborhood and standard distance and building educational
databases aimed at facilitating the exchange and analysis of information and so
on.

12- Recommendations

Based on the results and conclusions that have been reached, we recommend the
following:

1. The necessity of using the geographic information systems program in
identifying schools and comparing them with the results of the research, and
using other statistical methods to analyze criteria. Expansion of the study area to
all areas of the province or at the level of Iraq.

2. Update the educational map of the city and work according to the modern
systems in force internationally in the field of education, such as the electronic
system for students according to a process of spatial distribution appropriate to
the needs of the city's residents, in a way that reduces the average distances
traveled in order to obtain the service.
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