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rate separately for boys and girls using multiple linear regression analysis. Through the
hypotheses development, we conclude that all the factors have a significant impact on boys’ pass
rate whereas only input-level performance of the school and location of the school have a

significant influence on the girls’ pass rate.

Keywords: Primary and secondary education, TOPSIS, VIKOR, Regression, Integrated
multicriteria decision making



An Integrated VIKOR-TOPSIS-Regression based Methodology for Evaluating the
Performance and Exploring the determinants of Primary and Secondary education:
Evidence from India

1. Introduction

Primary and secondary education remain the basic building blocks of a person’s development as
well as the key to better livelihood irrespective of countries. Effective primary and secondary
education play an instrumental role in the growth, development, and poverty reduction for any
nation in the world. However, according to the world bank, around 250 million people in the
world still lack basic literacy skill despite more than three years of schooling.® The situation
aggravates for the developing countries such as India, Pakistan, Bangladesh, and so on where
more than 60% of the students of the secondary schools are unable to acquire the basic reading
and writing skill.® Specially in India, the quality of primary and secondary education remains a
matter of concern.

As per the EFA Global Monitoring Report published in 2010 by UNESCO, India secured
105" rank among 128 countries from the perspective of quality of education’. India has been
under-performing among developing countries in ensuring education for all children at the
elementary level, even in Asia. Though the literacy rate of India has grown from 64.84% in
2001 to 74.04 % in 20118, it still has the largest number of illiterate populations in the world,
indicating unsatisfactory performance in the primary and secondary education. Despite the
introduction of several programmes such as Operation Black Board (OBB), Shiksha Karmi
Project (SKP), Andhra Pradesh Primary Education Project (APPEP), Bihar Education Project
(BEP), U.P Basic Education Project (UPBEP), and Sarva Shiksha Abhiyan, the progress is not
steady.® A recent survey on 6 lakh children between the ages of 3-16 conducted by Pratham, an
NGO indicates that nearly half of the grade V students were not able to read, and nearly same

proportion of grade V students did not have the basic arithmetic skills, which they should have

® Source: http://www.worldbank.org/en/topic/education/brief/primary-and-secondary-education
® Source: https://www.bmz.de/en/issues/Education/hintergrund/bildungsituation/index.html

" Source: http://unesdoc.unesco.org/images/0018/001866/186606E.pdf

8 Source: http://niti.gov.in/content/literacy-rate-7years

% Source: http://ssashagun.nic.in/docs/SSA-Frame-work.pdf



learned by the end of grade Il (Pratham 2013). It signifies that the presence of a proper
performance monitoring of the education emerges as an order of the day in the context of India.
Our analysis indicates that the Government of India allocates a substantial percentage of the
education budget for the improvement of primary and secondary education. For instance, around
80% of the planned budget, i.e., 350 crores (in Indian Rs.) is allotted for primary and secondary
education in 2015-16. 1° Further, we observe that this funding is utilized on several
developmental factors such as the development of schools’ physical infrastructure, internal
management, quality of education, etc.!! Efficient management of these input parameters plays
an instrumental role to improve the schools’ output level performance, i.e., students’ education.
Several scholars such as Branham (2004), Altonji (2005), Asiabaka (2008) indicate the

importance of input-



Mitra et al. 2008) and medium of instruction, i.e., vernacular or foreign language (Heugh 1999,
Pathan and Shiakh 2012) influence the students’ pass rate apart from schools’ input-level
performance. Our exploration reveals that the impact of these factors along with schools’ input
level performance on the students’ pass rate has not been paid enough attention.

The above-mentioned issues motivate us to address following research questions:

X What are relevant MCDM methods that can be useful to measure the input-level
performance of the schools in the presence of conflicting criteria?

X How can an integrated method be developed by combining these methods through a
scientific approach?

X What is the impact of a school’s input-level performance on its output-level
performance, i.e., student outcome?

X How do the contextual factors, i.e., location of a school and the medium of instruction
influence the output-level performance of a school?

In this article, we propose an integrated VIKOR-TOPSIS-Regression based methodology to
assess input-level performance of 82930 primary and secondary schools that come under 20
districts of West Bengal, a state of India, and to investigate the impact of input-level
performance of schools, medium of instruction, and location of the school, on the schools’
output performance, i.e., student pass rate. Here, we select two prevalent MCDM methods, viz.,
VIKOR and TOPSIS to evaluate the input-level performance of the schools because of their
intrinsic advantages in the presence of conflicting decision-making criteria. For each of the
methods, first, we determine the score of a school in each of the parameters, i.e., infrastructure,
school management, and quality of education. The weights of the criteria under a parameter are
determined using Shannon entropy-based approach. Then, we aggregate these parameter scores
into a single score for each of the methods using Shannon entropy-based approach. The
application of Shannon entropy brings two advantages. First, it facilitates scientific weight
allocation to the different criteria instead of arbitrary weight assignment. Second, it ensures
more robustness through matrix comparison compared to the pairwise comparison. We also
devise both conservative as well as optimistic integrated methodology. We perform a rigorous
comparative analysis on district-level as well as state-level performance across the methods and
discuss the insights. Finally, we investigate the impact of the input-level performance of the

schools, medium of instruction, and location of the school on the output level performance, i.e.,



student pass rate separately for boys and girls using multiple linear regression analysis. Through

the hypotheses development and testing
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3. Methodology

In this section, we demonstrate the proposed methodology to evaluate the input-level
performance of the schools in terms of providing infrastructural support and learning facilities to
the students. First, we present a summarized description of the criteria as well as parameters
used in the evaluation, selected MCDM methods for assessment, the method used for
integration, and rationale behind the selection of these methods. Then, we present a summarized
description of the proposed method to facilitate practical implementation. Finally, we
demonstrate our method in detail.

3.1. Selection of parameters, criteria, methods, integration mechanism, and summarized

description of the proposed method

Our exploration of the existing literature reveals that the performance of a school can be
evaluated on three input parameters: physical infrastructure, school management, and quality of
education (Branham, 2004; Altonji, 2005; Asiabaka, 2008). The rationale behind the selection of
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design a ranking list based on an aggregated score by integrating scores obtained from TOPSIS
and VIKOR.

Here, we adopt the Shannon entropy (Shannon, 1948) based approach to determine the
weights of different criteria as well as parameters, and to integrate the selected MCDM methods.
Shannon entropy-based weighting technique exhibits several advantages. It allocates weights
based on variation in the values, thus leading to a more scientific weight assignment Compared
to the equal weight assignment. Also, application of matrix-based comparison instead of
pairwise comparison yields higher robustness. Several scholars such as Soleimani-Damaneh and
Zarepisheh, (2009), Wu et al. (2012), and Adhikari et al. (2018) recently incorporate this
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Figure 1 Proposed methodology for input-level performance evaluation
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3.2. Application of Shannon entropy in the weight calculation of the parameters, criteria

and aggregation of methods

As mentioned earlier, we apply Shannon entropy (Shannon, 1948) concept to determine the
weights of different criteria and parameters for aggregating them into a single parameter score

and final score of a school, respectively. The method is demonstrated as follows:

Let parameters of school performance par viz. physical infrastructure, quality of
education, and school management be represented as phy,qua, and scm, respectively.
par "phy,qua,scm . Here we assume there are m schools are under evaluation and k criteria

under any parameter. Now, the value of criterion of parameter of school j can be written

as x; £™ ,where : ,and par “phy, qua, scm’.
Next, we form a normalized matrix, denoted by where values of each row of this
where , ,and par “phy, qua, scm .

Here the normalized matrix can be

o) 15

]
mhifﬂiﬂbumn he calculated as follows:



Next, we determine the entropy value e " aswell as the weights u f,”  of criterion

i can be calculated in the following manner:

where i M, 2.k, ,and par “phy, qua, scm .

Here, these weights are used to determine a single score for a parameter of a school.
Similarly, we determine the weights of different parameters for integrating them into a final
score of a school. Finally, following the same approach, we determine the weights of the scores
obtained from TOPSIS and VIKOR method to aggregate them into a single score.

3.3. Determining the score of a school using TOPSIS method

In this sub-section, we apply the TOPSIS method to evaluate the performance of the schools.
From the perspective of decision-makers, TOPSIS shows user-friendliness to determine the score

of the alternatives in the presence of conflicting criteria (Opricovic and Tzeng, 2004). The main
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First, we create a normalized matrix for the criteria of school j, denoted by XN f P rop where

values of each row of this normalized matrix can be calculated as follows:

. x. f par B
XN fi par . J 1 s

i TOP

i \/I;/\ fpar‘z
S B
Vit

Where, i M, 2,....k, ,and par "phy, qua, scm'.

Here the normalized matrix can be expressed as follows:

par par par
f, f, ... f,
a., N ar N ar N ar (o]
x" fP x" fr U S
« TOP 1 TOP 1 TOP y,
&N par N par N par »
N par X2 f1 X2 f2 ce X2 fk
X f « TOP TOP TOP »
P« : : : : »
« »
«X N f par X N f par X N par
a'm 1 top mo 2 qop Mmoo qopd

3.3.2. Creation of weighted normalized data matrix of the criteria for different parameters

We next create a weighted normalized matrix of school j, denoted by yM fP rop where

values of each row of this weighted normalized matrix can be calculated as follows:

yN fi par u fi par XN fi par
J TOP i TOP
Where, i M, 2,....k, ,and par “phy, qua, scm .
par par par
1 2 k
N par N par N par
v 1 qop 1 2 7OP 1k 1op
2 1 2 2 2
1 2

3.3.3. Determining the score of a school in a specific parameter

Now, ideal solution 'y, and negative-ideal solution 'y, for criterion i can be expressed as:
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TOPSIS is not always closest to the ideal solution. For this reason, we also incorporate the

VIKOR method to determine the scores of the schools to ensure more robustness.
3.4. Determining the score of a school using VIKOR method

In this sub-section, we demonstrate the application of VIKOR method for the performance
assessment of the schools. VIKOR is considered as another useful MCDM techniques to assess
the performance of alternatives under conflicting criteria. In a similar line with TOPSIS, it also
measures the performance of an alternative through the closeness to the ideal solution. On the
contrary, VIKOR incorporates linear normalization technique instead of vector normalization and

considers the relative importance of the ideal solutions into the process. As per this approach, we

first determine two merit scores of school j, ie, s, K and R, -
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, S min S , R max R, , R min R.
j I vik j I vik | Jvik

Now, the values of Q, e Can be expressed as:

* *

E3 E3 > >

Next, we prepare the ranking lists based on S, ik’ R

. ,and Q. values. Here, lower
1K I vik J vik

value of Q, ik signifies the better performance of the school j. Now, the school j with

minimum  Q; ik will be considered as the best school if following conditions are satisfied:

X Condition 1: Acceptable Advantage:

Let school j? is the second-best school and its score is minimum sz . Now, following
VIK

condition should be satisfied:

sz VIK Qj VIK tbQ. bR (n l).

x  Condition 2: Acceptable Stability in Decision Making

The school j with minimum  Q, Uik should be best ranked in the lists prepared based on  S; Uik

and R. , i.e., should have minimum S. and R,
I vk J vk I vik

If any of the above-mentioned conditions is not satisfied, then a set of compromise
solutions is proposed comprising

n

x All schools j, j?,...,j" will be considered as the best if first condition is not satisfied

DQ, DQ

where Qj ) Q

1 .
j for maximum L.
VIK VIK 1

x Both schools j and j* will be considered as the best if the second condition is not

fulfilled.

3.5. Designing the ranking list of the school based on integrated TOPSIS and VIKOR

score
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In this sub-section, we propose a ranking list based on the scores of the schools obtained from
integrating TOPSIS and VIKOR scores. First, we apply the entropy concept to calculate the
weight of scores obtained from TOPSIS and VIKOR and integrate them into a single score.
Here, we propose two ranking lists; conservative and optimistic ranking method focussing on the
maximization of the utility and the minimization of the regret, respectively. The main goal
behind designing two lists is to investigate whether there is any difference when the objectives

are different. The method is proposed below:

Let, weight of TOPSIS and VIKOR score can be represented as w and w

TOP VIK '’

respectively. The score of the school j as per TOPSIS and VIKOR can be expressed as 7, rop

and 7, - respectively where 7, ik Q VIK'NOW’ the score of school j as per conservative

and optimistic ranking method, i.e., T “" and T ?:;I , can be expressed as:

I final ]

Cons

w TOP w VIK L

The school with the maximum and the minimum score is ranked as the best school
according to the conservative and optimistic ranking method, respectively. It signifies that the

ranking list is prepared in descending and ascending order
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4.1. State level performance

In this sub-section, we present a summarized description of the scores of schools under

evaluation.
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Maldah have the highest average scores of the schools according to TOPSIS, VIKOR, integrated
(optimistic), and integrated (conservative), respectively. Also, Purba Medinipur has the lowest
score according to TOPSIS and integrated (optimistic) method whereas Cooch Behar and
Kolkata obtain the lowest average score of the schools as per VIKOR and integrated
(conservative), respectively. In similar fashion with state-level study, the ranking list provided
by The TOPSIS method is completely reverse of the list proposed by VIKOR method and vice-
versa. It indicates the difference in objective, i.e., maximization and minimization in case of
TOPSIS and VIKOR, respectively, yields two different lists. Further, we find that TOPSIS
method and integrated (optimistic) assigns same ranks 11 out of 20 districts. The comparative
studies between TOPSIS and Integrated (Conservative), integrated (optimistic) and integrated
(Conservative), TOPSIS and VIKOR, indicates the low percentage of same ranks, viz., 30%,
25%, and 10%, respectively. On the contrary, the ranking lists suggested by the integrated
(optimistic) and integrated (conservative) are completely distinct. From the perspective of
standard deviation, the highest variation in the scores of the schools has been observed in case
of Darjeeling across the methods. Lowest variability is observed in case of Kolkata for TOPSIS,
VIKOR, and integrated (optimistic). According to integrated (Conservative), the lowest

variation is seen in case of Cooch Bihar. In summary
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Darjeeling 0.89516 3 0.89242 18 0.51791 2 0.49863 3
Howrah 0.81666 14 0.81978 7 0.51181 14 0.50156 14
Hooghly 0.88331 9 0.8811 13 051716 11 0.49889 11
Jalpaiguri 0.89597 2 0.89327 19 0.51793 1 0.49865 4
Cooch Behar 0.88995 4 0.88707 17 0.51776 4 0.49856 2
Kolkata 0.77239 15 0.77822 6 0.50865 15 0.50291 20
Maldah 0.88304 10 0.88004 10 0.51752 7 0.4985 1
Murshidabad 0.88939 5 0.88673 16 0.51763 5 0.49867 5
Nadia 0.88783 6 0.88546 15 0.51742 8 0.49882 10
North 24 0.88246 11 0.88005 11 0.51722 10 0.49879 9
Parganas
Paschim 0.76511 18 0.77067 3 0.50847 18 0.50278 17
Medinipur
Purba 0.76144 20 0.76687 1 0.50838 20 0.50272 15
Medinipur
Purulia 0.86668 13 0.86535 8 0.51604 13 0.49933 13
Uttar 0.76388 19 0.7694 2 0.50844 19 0.50276 16
Dinajpur

District Standard Deviation
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by giving them higher weightage than school management. The final integrated scores obtained
for optimistic and conservative scenarios also rely on assigning different weightages on TOPSIS

and VIKOR methods.

Table 5 Description of weights of criteria, parameter, and methods under Shannon entropy

concept
Parameters Criteria Weights
Physical Distance from block head quarters 0.026
infrastructur Distance from cluster resource center 0.066

I 1l purpcss 0003

Numbe#9ifed 54 oefis ENJCoq1ebAdiSB8.59 316.15 16.58247eW™> re91T/F2 12 Tf1
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Number of instructional days (previous year)- upper primary 0.063

Teacher working hours (per day) —primary 0.074
Number of hours Children stay in school (current year)- upper 0.075
primary
Teacher working hours (per day) —upper primary 0.075
No. of children enrolled special training in current year — boys 0.075
No. of children enrolled special training in current year— girls 0.077
No. of children provided special training in current year — boys 0.077
No. of children provided special training in current year— girls 0.075
No. of children enrolled special training in previous year — boys 0.076
MCDM Parameters Weight
TOPSIS Physical Infrastructure 0.333
School Management 0.333
Teacher Quality 0.333
VIKOR Physical Infrastructure 0.345
School Management 0.310
Teacher Quality 0.345
Integration MCDM Methods Weight
Integrated TOPSIS 0.521

(Optimistic)

27



context-specific implementation of pass rate as a metric of performance evaluation. The data
provided by the department of education reveals that 15931 and 14489 schools among the 82930
schools are not able to achieve the 100% pass rate for boys and girls, respectively. Also, around
1% of these schools exhibit a low pass rate, i.e., less than 70%. It signifies the variation in the
output-level performance of the schools.

Existing scholarly works (Heugh, 1999; Mitra et al., 2008) indicate that medium or the
language of instruction, i.e., vernacular or others (mostly English) as well as location of the

school, i.e., urban or rural play instrumental roles
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Medium of instruction remains an important factor in students’ learning. A group of experts
identifies that vernacular medium of instruction facilitates the students learning in an easier and
effective way, whereas other experts suggest that students should adopt bilingual mode where
instruction though the English language is preferable. In the context of Africa, Heugh (1999)
argues the importance of incorporation of African languages in their medium of instruction.

Khan (2017) discusses how appropriate medium of instruction is crucial in facilitating
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instruction often compels the students to be bilingual, which according to extant research
positively affects the cognitive development of a child as compared to their monolingual
counterparts (Ben-Zeev 1977), ty3.m70000912 0 612 792 reW* nQ EMC /Span AMCID 0/Lang 2he cog
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