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ABSTRACT

Innovative education is one of the challenging fields in
education technology domain. Innovative education helps to
train a large number of high quality students to train their
respective field. So analyze the quality of innovative
education is very important. This research work mainly
concentrates on quality analysis of the innovative education
using Analytical Hierarchy Process and Fuzzy Comprehensive
Evaluation Model. Analytical Hierarchy Process is a multi
criteria decision making process that helps to solve complex
problems and Fuzzy Comprehensive Evaluation provides
grading with respect to the analysis and reviews.
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1. INTRODUCTION

The education system and its environment should be very
friendly as well as interesting in front of the learners.
Innovative education is the solution that provides the
environment along with the facilities that are very necessary
to built future of high quality talents. It motivates the students
to do better than the conventional mechanism. Here students
get the hands on facility of their work. That helps the students
or educators to establish themselves in the organization as
well as in society.

So measure the quality [1] of the innovative education is the
primary goal of this research work. Quality measurement of
innovative education is enhanced the education system in
proper way. It helps to find out what are the limitations
involving in the system. It helps to recover those problems
and evaluate further. Not only that if there is a major problem
happening in the system it sends the system for further
development. For doing the quality measurement some
scientific calculation as well as analysis is needed. That’s why
this research work needs AHP (Analytical hierarchy Process)
& Fuzzy comprehensive evaluation model. These Scientific
analyses help to find out the parameters which are directly
related to the educational system. Using the AHP it provides
the weight of the each index of the judgment matrix. Fuzzy
comprehensive evaluation model provides the fuzzy matrix
according to the reviews. These two above methods are used
in this research work to measure the quality of the system.
The reasons for doing this research work are:

e  The total development of innovative education will
be systematic.

e The quality of the educational system will be
maintained a certain threshold.
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e [f the quality is not maintaining a certain level then
it sends the system for further development.

e This will be cost effective.
In this research work the necessary assumptions are:

e The calculation of judgment matrix is done from
analysis.

e The fuzzy evaluating matrix is taken from the
analysis with respect to the system.

e The value of the score set is taken with a specific
interval.

This paper brings out the standard methodology, calculation
and algorithm for determining the quality of innovative
education. Section 2 discusses related works for the Analytical
Hierarchy Process and its applications and section 3 depicts
the idea of standard methodology for quality evaluation of
innovative education. Sections 4 shows the algorithm of this
research work and 5 shows the way of implementing the
algorithm for quality evaluation and results obtained
respectively. Section 6 derives the conclusion and future
enhancements.

2. RELATED WORK

Yan Hezhan [1] introduced Analytical Hierarchy process &
fuzzy comprehensive evaluation model to measure the quality
of the innovation education in higher education institution.
According to the analysis the hierarchical structure is formed
with the desire parameters that have a signification with the
innovation education. It described the Analytic Hierarchy
Process (AHP) to confirm the weight of each index and
construct the judging matrix and confirm the comment set that
helps to measure the quality. Here the evaluation matrix (R) is
build through the expert reviews and their comments. Finally
quality is calculated through the normalization of calculated
matrix and the score set. The overall quality of the system
helps to decide which parameters of the system need to be
taken care to enhance the overall quality.

Xiaojing Liu [2] proposed the index system and determines
the index values in order to calculate the proximity between
the evaluation index system and the ideal system. The author
has implemented the evaluation index system for the quality
of undergraduate education and incorporated the AHP method
to solve the problem and provides a comprehensive structure
by both quantitative and qualitative criteria in the decision-
making process.

Pawet CABALA [3] proposed a hierarchical structure of a
system and pair-wise comparisons to find out the indexes of
the system as well as derive and implement of the selection
process for the project variant using the AHP. The index
system of project variant is calculated through the pair-wise
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comparison. The proposed algorithm is derived to implement
the project variant.

Edit Adamcsek [4] proposed work is mainly concentrate on
the theory part regarding hierarchical decomposition of
decision, pair-wise comparison and pair-wise matrix
evaluation and provide the mathematical calculation regarding
the problem. This work derives several methods on pair-wise
comparison like Eigenvector Method, Least Squares Method
and Logarithmic Least Squares Method. It also describes
Analytic Network Process (ANP) which is an alternative of
AHP. Many complex problems cannot be structured
hierarchically because they have strong involvement of
interactions and dependencies of higher-level elements with
lower level elements. In that case ANP is very efficient.

Alade O. A., Ganiyu R. A., Oladipupo E. T. [5] derived the
proper algorithm of AHP and pseudo code that gives a flow of
the total implementation. Other than that it derives the pair-
wise comparison to create the judgment matrix and also
mention the consistency of the matrix and calculate the
indexes values or the priority vector of the system. These
priority vectors are useful to evaluate the total system.

Neethu Fernandes, Rakhi Bhadkamkar [6] proposed work
include the structure of the system, calculate the priority
vectors of the system, check the consistency and ensure that
the matrix is created by the pair-wise comparison is
acceptable. This work is given a detail programming to
calculate the priority vectors.

Quang Hung Do and Jeng-Fung Chen [7] proposed work on
teacher performance which is calculated through the fuzzy
analytical hierarchy process. Here first mention the fuzzy set
and fuzzy number and take a fuzzy triangular membership
function and then developing a Hierarchical Structure of the
Evaluation Index System to calculate the consistency and
further development. Here teacher performance is calculated
based on the student review and scores.

Cheng Zhilong [8] implemented the overall quality evaluation
of the index system including grades these are taken as a
parameter. It uses AHP to calculate the weight of the
parameters. Here evaluation is done for the teacher’s
comprehensive quality based on their professional ethics,
professional ability and professional concept.

R. W. SAATY [9] proposed work describes the necessary
steps of Fuzzy Analytical Hierarchical process with two
different examples. This approach may helpful to develop
applications of the AHP in game theory, implement
psychological lessons to show how people’s strength of
feeling can be represented by the numerical scales.

G.B. Crowford [10] proposed literature has advocated the use
of the dominant right eigenvector and an associated
consistency ratio. This gives a procedure called geometric
mean for estimating the scale of the judgment matrix. Finally
it checks the consistency to show that judgment matrix is
properly built.

Z. Xu [11] discuss the weighted geometric mean method
(WGMM) is the most common group preference aggregation
method in the Analytic Hierarchy Process. This paper reports
on research concerning the consistency of WGMM and proves
that the weighted geometric mean complex judgment matrix
(WGMCJM) is maintaining the consistency. It helps to handle
the complex problem in simple way.

N. Bhushan and K. Rai [12] literature consists with several
decision making technique along with step by step derivation
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of the analytical hierarchy process. It also takes the ratio scale
in order to implement.

3. PROPOSED METHODOLOGY

The present paper proposes a scheme for determine the
quality of the innovative education using Analytical Hierarchy
Process and fuzzy comprehensive evaluation model. Figure 1
describes the overall flow of the proposed methodology.

The section is grouped into five categories: (1) Develop the
hierarchical structure (2) Construct the judgment matrix (3)
Calculate priorities and consistency checking (4) Establish
Fuzzy evaluation matrix & score set and (5) Quality
evaluation

[ Develop the hierarchical structure ]
[ Construct the judgment matrix ]
[ Calculate priorities & consistency checking ]

.

[Establish Fuzzy evaluation matrix & score set]

.

[ Quality evaluation ]

Figure 1: Flow of the proposed methodology

3.1 Develop the hierarchical structure

Each and every system has some parameters that have a
strong relationship with the system. In order to determine the
quality of innovative education, a hierarchical index system
should be formed according to the parameters related to the
educational system. The hierarchical structure generally has
two levels: (a) Primary level index (b) Secondary index level.
In case of complex problem there may be more than two
levels of hierarchy in that case Analytic Network Process
(ANP) [4] should be used instead of AHP. Figure 2 shows the
hierarchical structure of innovative education. Here B1, B2,
B3 and B4 are primary level indexes and C1, C2, C3 ...C12
are secondary level indexes. Here all the parameters have a
strong relationship with educational system.

- Government plays important roles for educational
system providing funds for education and its
management. Government has also mentioned some
policies for educational enhancements.

e University is the temple of the education. It
provides a good learning environment and facilities
for educators by recruiting professionals.

» Students or educators are the key factor of any
educational organization. They are the target of
innovative education. Apart from their study they
are also busy for doing their research work and
others various activities.

»  Society also supports for innovative education by
providing social reputation and social atmosphere.
Apart from that enterprise groups are also arranging
workshop programs for students and helps for
innovative education.
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Figure 2: Hierarchical structure of innovative education

3.2 Construct the judgment matrix

The AHP method is based on the use of pair-wise
comparisons, which lead to the elaboration of a ratio scale
describe in Table 1. In the AHP method, multiplicative
preference relations are called judgment matrices, and are
adopted to express the decision maker’s preferences. The pair-
wise comparisons constitute square matrices, as shown in the
[3] Figure 3, the values of elements are between [3] 1/9 and 9.

A1) TN 1) SN T) SO 1) SO |

Figure 3: Judgment Matrix

If total numbers of primary level indexes are n, then total
numbers of significant elements: n (n-1)/2.

For example if total number of primary level indexes are 4,
then significant elements: 4(4-1)/2= 6.

Others elements will be the reciprocal of significant elements.

Table 1. Evaluation scale used in pair-wise comparison

Intensity of importance Definition
1 Equal importance
3 Moderate importance
5 Strong Importance
7 Very strong importance

Atmosphere

c3 ] C6 Activities C9 Enterprise
Group C12
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9 Extreme importance

2,4,6,8 Between the above values

3.3 Calculate priorities & consistency
checking

The pair-wise comparison is using to find out the judgment
matrix of primary index level as well as secondary index level
parameters. Calculate the weight or priorities of each
judgment matrix are necessary for this research work. Figure
4 shows a general form of judgment matrix and with help of
this matrix the formula is derived to calculate priorities.

A Ay Aq Ay

A, 1 B12 B13 B14

A, 1/B21 1 B23 B24

Az 1/B31 1/B32 1 B34

Ay 1/B41 1/B42 1/B43 1

Figure4: General form of judgment matrix
*  Weight(W’) or priorities calculation[1]:
Wij = Ajj/ X Ay [1=0 to n; j=0 to n; k=0 to n]

Above operation is done with the Figure 4 matrix then a new
matrix (w) will be formed then,

Wy’ =Y wj; In [i=0ton; j=0ton]
W’ = (Wal , W’Z , W’s , W’4 )T
So derived weight of Figure 4 matrix is W’.

«  Consistency checking[5]:

The judgment matrix has created with pair-wise comparison
must have Consistency Ratio (C.R.) less than 0.1 then only
the matrix is acceptable, otherwise the matrix need to reform.

Consistency (C;) of the matrix:

Ci= MATMULT (A; /W) [i=0to n; j=0 to n]

s0, C;=Cy, C,, Cy, .... C, [I=0 to n]

Amax = Y.Ci/ N

Value of the Consistency Index (C.1.) = (Amax -N )/(n-1)

Consistency Ratio (C.R.) = C.I. /R.I. [R.I. value will get from
Table 2]

Table 2. Random Index (R.1.) Value [5]
N 1 2 3 4 5 6 7 8 9
‘ R.I. ‘0.00‘0.00‘0.58‘0.90‘ 1.12‘1.24 1.32 1.41‘ 1.45‘

C.R. value must be 0.1 then only the matrix is acceptable.

3.4 Establish Fuzzy evaluation matrix &

score set
Fuzzy evaluation matrix is formed through the analysis. This
is used for evaluating the system.
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Figure 5: Fuzzy evaluation matrix[1]

R;; (i=1 to m; j=1 to n) means the subordinate degree of factor
index R; to the V;comment.

The score set is assumed as K and K = (K, Ky, Kj, ....... Ki)T
Ki=i*100/n (i=1,2, ... m)
If the full marks is 100 then, K= [20,40 ,60 ,80,100]

Table 3. Score set [1]

Score

Range [0-60) | [60-70) [70-80) | [80-90) [90-100]
Little . Little

Comments | Bad Bad Medium Good Good

3.5 Quality evaluation

The quality is measured with priorities, score set and fuzzy
evaluation matrix.

4. 4PROPOSED ALGORITHM

I. Create the hierarchical structure.
I1. Create judgment matrix for each indexes.
I11. Taking each matrix:
Loop (i =0; i< n; i++)
SUM (Total elements of the i th Column).
Divide each elements of the matrix with the SUM.
IV. Taking the new matrix:
Loop (i =0;i<n; i++)
SUM (Total elements of the i th Row)
Divide SUM with total elements of the i th Row.
Get priorities in form of a matrix.
V. Taking the new matrix:
Loop (i = 0; i< n; i++)
Take the ith row of the judgment matrix as A.
Take the transpose of the priorities matrix as B.
Determine the Consistency C;i=(A*B)/n
Calculate Apaxy =Y, Ci /' n
Calculate Consistency Index (C.1.) = (Amax -N)/(n-1)
Calculate Consistency Ratio (C.R.) = C.I. /R.I.
If(C.R.<0.1)
Judgment matrix is acceptable.
Else

Judgment matrix is not acceptable.
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GOTO step Il.
V1. Taking the score set K & Fuzzy evaluation matrix (R).

VII. Then subordinated vector(Rg) = [MATMULT
{(secondary level priorities)”, Fuzzy evaluation matrix}]".

VIIl. Then the Comprehensive evaluation model (A) =
MATMULT][(primary weights)", Rg].

IX. Then normalizes the result by dividing each element of A
with the sum of all elements and get A’.

X. Finally Quality can be obtain through A’ * K.
5. RESULTS

All the calculations of this research work are shown in Figure
6 t010.

WEIGHTS CONSISTENCY
0260075 4.3
03571 0559 442
02143 0.1148 416
00714 0.066125 4.05

03571

0.018333
058
0.0316

3.036667

WEIGHTS CONSISTENCY|
0634 307
0259967 3.03

0.106  3.01

0.6928 05556
02309 03333

00762 01111

Figure 8: Secondary level weight calculation (University)
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0.026667
0.58
0.046

3.053333

WEIGHTS CONSISTENCY|
07242 313
00825 3
0.193333 3.03

0.018333
0.58
0.0316

3.036667

WEIGHTS CONSISTENCY|
0634 307
0.259967 3.03
0106  3.01

B8 06536  0.6928 0.5556
B9 02157 02309 03333
00762 01111

Figure 10: Secondary level weight calculation (Society)

Based on the calculation from Figure 6-10 the weights of the
primary level indexes are :

W’ =(0.260425 , 0.558725 ,0.114775 , 0.06605 )T
The weights of secondary level indexes are:
W’; =(0.6333, 0.26 , 0.10666)"
W, =(0.28,0.07666 , 0.643333 )"
’3=(0.72666 , 0.08, 0.19333 )"
’,=(0.63333,0.26,0.1066)"

Table 4 describes the fuzzy evaluation matrix (FM) based on
the analysis and reviews.

Table 4: Fuzzy evaluation matrix [1]

Index Good Little Good Medium Littlebad Bad

w0 0 0.4 0.6 0
c (&)
S 3
E2 o 0 0.4 0 0.6
52
3% 0 0.4 0.4 0.2 0
w 0O 0.4 0.2 0 0.4
2 3
& o
§2 o 0.2 0.4 02 06
c o©
>
%8 0 0.4 0 0 0.6
w 0 0 0 04 06
(&)
- x
S5
88 o0 0.6 0.4 0 0
S —
» 2
3 0 0 0 08 02
ooz O 0 0 04 06
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0 0.4 0.2 0 0.4

0 0.2 0 0.2 0.6

Then calculate the Subordinated vector (Rg) by multiplying
the secondary weights with the corresponding Fuzzy
evaluation matrix.

Then calculate the Subordinated vector (Rg) by multiplying
the secondary weights with the corresponding Fuzzy
evaluation matrix. So, Rg=

[~ (0.6333,0.26,0.10666)" * (FM of Government layer)
(0.28,0.07666,0.643333)" * (FM of University layer)

(0.72666,0.08,0.19333)" * (FM of Student layer)
B (0.63333,0.26,0.1066)" * (FM of Society layer)

[~ 0 0.0424 0.4 0.4016  0.156
0.147 0.3853 0.0565 0 0.5435
0 0.0495 0.0330 0.4443 0.4732
0 0.1252 0 0.3268 0.5480

Then the comprehensive evaluation model(A) is derived by
multiplying primary level weights(W’) with subordinated
vector(Rg)

A=W’ *Rg=A=(0.0082,0.2404,0.1394,0.1771,0.4350)

Then normalized the A value by dividing the each element
with sum of the total elements.

SUM = (0.0082+0.2404+0.1394+0.1771+0.4350) = 1.0001

A’ = (0.0082/SUM , 0.2404/SUM , 0.1394/SUM ,
0.1771/SUM , 0.4350/SUM)

A’ =(0.0082,0.2404 ,0.1394,0.1771 , 0.4350)
Putting the score set value K = (20, 40, 60 , 80 ,100)T
Finally quality (B) of the system is obtained by A’ * K

So, B = [0.0082 0.2404 0.1394 0.1771 0.4350] * [20 40 60 80
100] " = 75.80

6. CONCLUSIONS AND FUTURE
WORK

According to the result the quality of the innovative education
system is not up to the mark. The quality is measured with the
help of fuzzy evaluation matrix which is made through the
analysis and reviews. So, it can be happen that the quality
may vary in real scenario. To enhance the quality of
innovation education, the educational system needs better
inputs and supports and also needs to improve the aspects
which are directly related to the educational system. In this
research work the quality of the innovative education is
calculated based on the certain parameters which are directly
related to the innovative education. The judgment matrix of
each parameter is created according to analysis based on the
analytical hierarchy process (AHP). The score set is taken as
randomly based on a certain interval. In future any author can
extent the work with better approach and methods and
implement the fuzzy evaluation matrix with artificial
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intelligence which will definitely save time and will provide a
innovative way of evaluating the system.
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