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Abstract— Digitalization, the fashion of this era has turned the
world digital, and its impacts are felt in almost all the fields and
education is not an exception to it. The conventional mode of
teaching and learning is getting supplemented by online mode of
interaction embedded with a variety of advanced technology.
Presently the grant of access to online courses in higher education
by ministry of Human Resource Development of India has added
value to blended learning and emphasizes the need of it. The
enhancement of Indian higher education to international
standards can be attained by blended learning. It is indeed much
essential to analyze the impacts of blended learning in higher
education, which is the intention and aim of this paper. Systematic
examination and precise inference are the outcomes of employing
Fuzzy cognitive Maps, a decision making mathematical tool. In
this paper the method of Combined Disjoint Block Hexagonal
Linguistic Fuzzy Cognitive Maps CBDLHFCM is used to explore
the effects of blended learning in higher education, which is the
need of the hour.
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1. INTRODUCTION

Blended learning (B-learning) is the mixture of
conventional face to face teaching with technology based
learning. It is not a replacing approach to education;
relatively it is an initiative of presenting a kind of inclusive
strategy. In this digital era, the traditional practices of
teaching and learning process is getting completely replaced
by online modes which creates haphazard in the student’s
learning process. Technology based education must not
dominate or take an upper hand over conventional methods,
rather it must be administered as supplementary to it, for
making learning more effective. The same argument was
proposed by Viet Anh Nguyen [8] in which the impacts of
online learning activities in a blended learning course on
student’s learning outcomes were substantiated with
quantitative analytical results. The author has generalized the
impacts of blended learning under four environments such as
Learner — learner, Learner — Facilitator, Learner — Subject
content, Learner — Technology but not specifically addressed
the impacts. This has motivated us to explore the specific
impacts of blended learning under each environment using
CBDLHFCM and also determine the core impact. Viet has
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used the statistical concepts to draw results and inferences but
in this research work a different advanced mathematical tool
is employed to reach the specificity in the results.

Fuzzy cognitive map (FCM) by Kosko [2] is an extended
version of cognitive maps by Axelerod [1] to relate the causes
of a problem as nodes and its associations by edges to find the
major cause and impacts. This FCM is modified and
extended by many researchers based on the needs of solving
the problem. One such extension is combined block disjoint
FCM (CBDFCM), in which the factors of the problem are
grouped based on certain criteria and then nexuses into a
single matrix. CBDFCM tool was used by many
academicians in various fields to discuss about several
related factors of an issue under various dimensions.
Vasantha Kandasamy [6], the active researcher in the field of
FCM has contributed a lot of research works based on
CBDFCM, followed by her research scholars, who have dealt
with different social issues like fatigue of drivers in roads,
effects of smart phones on children, impact of stress in
workplace, quality of primary education[7] and so on. Such
works addressing various societal and educational contexts
have inspired us to use this method for our study, but the edge
weightage assigned by them was either simple or weighted,
which was not much realistic to us. To the best of our
knowledge the linguistic weightage in case of CBDFCM is
very few and hardly it is found in the literature. This has
inspired us to use linguistic weightage to the edges. In other
FCM representation linguistic variables are used and
quantified by either triangular or trapezoidal butin CBDFCM
the quantification of linguistic variables is made with the aid
of fuzzy numbers of higher orders especially; hexagonal
fuzzy number is used by us in our study.

The task of exploring the impacts of blended learning in
higher education using CBDLHFCM is an inventive effort
taken by us in grading the conventional CBDFCM method a
step ahead with the inclusion of linguistic approach to deal
with the recent trends in the teaching and learning process.
The paper is structures as follows: section 2 presents the
preliminary concepts; section 3 comprises of the
methodology; section 4 encompasses the application of the
methodology to the problem considered for study; section 4
discusses the results and the last section concludes the paper.
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2. PRELIMINARIES
The essential definitions and concepts related to this
research work is briefed as follows [3,4,5]
2.1 Fuzzy Set

A set B which includes both well defined and not well
defined elements with weightage 1 defined from X — [0,1]
is called as fuzzy set, where X is the universal set.

2.2 Fuzzy Cognitive Maps (FCM)

FCM is a directed graph with nodes as factors taken for
study and edges as the casual relationship between the
factors.

2.3 Simple FCM

A FCM with edges weight belonging to {-1,0,1} is called
simple FCM.

2.4 Weighted FCM

A FCM with edges weight ranging from [-1,1] is defined
as weighted FCM.
2.5 Linguistic FCM

A FCM with edges weight as linguistic variable is termed
as linguistic FCM.

2.6 Linguistic variable

A variable which assumes linguistic terminology rather
than numeric
2.7 On and Off position of a vector

Let X = (al, a2,....an) where ai € {0,1}, al = 1 at any
instant states that it is in On position and if itis O then itisin
off position.

2.8 Fixed point and the Limit cycle

The attainment of the pattern AL — A2 — --- Al is the
reach of the limit cycle and Al is the fixed point.

2.9 Connection Matrix

A matrix representing the relationship between the nodes
(factors) of the FCM.

2.10 Combined FCM

The categorization of the factors into blocks and
clubbing of the individual connection

matrix of each block into a single matrix is the combined
FCM.

2.11 Hexagonal fuzzy number

A depiction of a fuzzy number of the
H = (al,a2,a3,a4,a5,a6) such that all ai’s are real numbers
and al<a2<a3<a4<a5<a6 is called as Hexagonal Fuzzy
number with the membership function as

al a2 a3 ad as a6
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1 x—al
-—— foral <x<a2
2a2-al

1 1 x—a2

fora2 <x <a3
2 2a3-a2
< 1 fora3 <x<a4
L2208 cora4 < x < a5

H(Ax) =

2 a5-a4

1 a5-x
-—— fora5 <x<ab
2 a6-as

\_ 0 otherwise

3. METHODOLOGY

This section lists the steps to be followed in determining

the equilibrium vector.

1. The factors that are taken into account for the study
are categorized into zones or blocks.

2. The interconnections between the factors within the
group are represented as matrices with elements as
linguistic variables based on the literature and expert’s
opinion.

3. The linguistic variables are quantified by hexagonal
fuzzy numbers.

4. The zonal matrices are combined and an unified
matrix D is obtained.

5. The initial vector X = (10000000..000) is passed into
D and the resultant vector is thresholded into X1 by
assigning 1 to the maximum value and 0 to the
remaining, which is then again passed into D until Xi
= Xj].

6. The equilibrium vector is attained at the end of the
iteration process.

7. The value 1 in the equilibrium vector represents the
impact of the initial vector and the value O represents
no impact.

4. APPLICATION TO THE PROBLEM
CONSIDERED FOR STUDY

To investigate the impacts of blended learning in higher
education, four blocks or zones such as Learner — learner,
Learner — Facilitator, Learner — Subject content, Learner —
Technology are considered. The factors associated with each
zones are presented as below in Table 4.1

Table 4.1 Impacts of blended learning under four zones

IM ZONE 1 - Learner — Learner

IM 1Student interaction in the class is very intense.
IM 2Active participation of the students is high.
IM 3Team spirit is kindled highly.

IM 4Student performance is enhanced.

IM ZONE 2 - Learner — Facilitator

IM 5Relationship between the teacher and the learner
becomes more flexible.

IM 6Learner based pedagogy.

IM 7Conducive environment for learning to take place

IM 8Learning is made very easier.
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M | IM | IM | IM IM IM IM IM
13 |14 |15 | 16 13 14 15 16
IM ZONE 3- Learner — Subject Content MT o T ™M I MIMIv 0 105310531053
IM 9L earner centered curriculum 13 13
IM 10Design of content is diverse. TVEEE 0 T T Tv T 08 0 TREE
IM 11Discussion forums are kept active. 14 14 ' ' '

IM 12 ICT aids makes learning joyful and comprehensive

IMZONE 4- Learner — Technology IM | H o H o H M08 ) 08 0 | 08

. . A A 15 15
IM 13Interactive learning activities is highly promoted
IM 14Learner friendly technology is employed '1'23" MM MO0 '1'\6’3' 053 1053|053 0

IM 15Easy access of interfaces by the learners

IM 16Learning takes place at one’s own pace

Table 4.2 Hexagonal quantification of linguistic
terminologies

Linguistic Hexagonal Weight Defuzzified
Variable Value
Low (0,0.1,0.2,0.3,0.4,0.45) 0.24
Medium (0.4,0.45,0.5,0.55,0.6,0.65) 0.53
High (0.6,0.65,0.7,0.8,0.9,1) 0.8

The individual linguistic connection matrix representing
the casual relationship between the factors considered under
each zone [8,9,10] and expert’s opinion (Academicians and
students of the higher education institutions practicing
blended learning in the regions of Dindigul, Tamil Nadu,
India) along with the quantification in terms of defuzzified
Hexagonal fuzzy number based on Table 4.2 is represented as

follows.
M| IM | IM | IM IM | IM IM3 | IM
1 2 3 4 1 2 4
IM |0 M M H IM 0 053 | 053 | 8
1 1
IM | M 0 H H IM 0. 0 0.8 0.8
2 2 53
IM | M M 0 H IM 0. 053 |0 0.8
3 3 53
IM | L L L 0 IM 0. 024 {024 | O
4 4 24
M| IM | IM | IM IM | IM6 | IM7 | IM8
5 6 7 8 5
IM | 0 M | H H IM | 0 0.8 0.8
5 5 0.53
IM | H 0 H H IM |08 |0 0.8 0.8
6 6
M | M M 0 H IM |05 (053 |0 0.8
7 7 3
IM | L L L 0 IM |02 ]024 |024 |0
8 8 4
IM | IM | IM | IM IM IM IM IM
9 10 | 11 | 12 9 10 11 12
IM 0 M M M IM | 0 0.53 | 0.53 | 0.53
9 9
IM M 0 M H IM | 053 |0 0.53 | 0.8
10 10
IM M M 0 M IM | 053 | 053 |0 0.53
11 11
IM L M L 0] IM | 024 | 053 1024 |0
12 12
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The combined block disjoint hexagonal quantified linguistic matrix D is as follows

M [IM [IM [IM [IM [IM [IM7 [IM [IM [IM [IM [IM [IM [IM [IM [IM
1 2 3 4 5 6 8 9 10 |11 |12 |13 |14 |15 |16

IM1 [0 [053|/053(8 [0 [0 [oO o (o |o |o o [o Jo |o |o
IM 2 0530 08 [08 |0 0 0 0 0 0 0 0 0 0 0 0
IM 3 0530530 08 |0 0 0 0 0 0 0 0 0 0 0 0
IM 4 024024024100 0 0 0 0 0 0 0 0 0 0 0 0
M5 [o [o |o [o [o | 53]08 08 [0 [o o Jo [o Jo |o |o
M6 [0 [0 [o [0 |08 [0 0.8 08 [0 |0 [o o [o |o |o |oO
IM 7 0 0 0 0 053[053(0 08 |0 0 0 0 0 0 0 0
IM 8 0 0 0 0 024024024 |0 0 0 0 0 0 0 0 0
IM 9 0 0 0 0 0 0 0 0 0 0.53 [ 0.53 [ 0.53 |0 0 0 0
IM10 |0 0 0 0 0 0 0 0 0530 05308 |0 0 0 0
0 0 0 0 0 0 0 0 0 053[053[0 053]0 0 0 0
IM12 |0 0 0 0 0 0 0 0 024 [ 053024 |0 0 0 0 0
IM13 [0 0 0 0 0 0 0 0 0 0 0 0 0 0.53 | 0.53 | 0.53
IM14 |0 0 0 0 0 0 0 0 0 0 0 0 08 [0 08 |08
IM15 |0 0 0 0 0 0 0 0 0 0 0 0 08 [08 [0 0.8
IM16 |0 0 0 0 0 0 0 0 0 0 0 0 053 053|053[0
By following the methodology as in section 3 the
equilibrium point i.e the fixed point is attained for each initial Table 4.3 Fixed points of the Initial vectors
vector containing only one factor in on position. Initial Vector Fixed Point

X = (1000000000000000) (1000000000000000) (0001000000000000)
X*D = (0 0.53 0.53 0.8 000000000000) (0100000000000000) (0001000000000000)
;; II()OO0(%)0503?(())0;)3%08%080:0;(010OOOOOO) (0010000000000000) (0001000000000000)

= (0001000000000000) = X2 (0001000000000000) (0001000000000000)

X = (0100000000000000) (0000100000000000) (0000000100000000)
X*D = (0.53 0 0.8 0.8 000000000000) (0000010000000000) (0000000100000000)

< =(0011000000000000) = X1 (00000021000000000) (0000000100000000)
filf?ozéféf)é&%g@%ﬁgj8-023000000000) (0000000100000000) (0000000100000000)
X2*D = (0.53 0.53 0 0.8 000000000000) (0000000010000000) (0000000000100000)

& = (0001000000000000) = X3 (0000000001000000) (0000000000100000)

X = (0010000000000000) (0000000000100000) (0000000000100000)
i*D(; 0(81%3(’)80%% 80%-50%())002(01000000) (0000000000010000) (00000000002100000)
X1+D = (0.53 0.53 0 0.8 000000000000) (0000000000001000) (0000000000001000)
& = (0001000000000000) = X2 (0000000000000100) (0000000000001000)

X = (0001000000000000) (0000000000000010) (0000000000001000)
X*D = (0.24 0.24 0.24 0000000000000) (0000000000000001) (0000000000001000)

& = (1110000000000000) =X1

X1*D = (1.06 1.06 1.33 0.96 000000000000) 5. DISCUSSION

& = (0010000000000000) = X2

X2*D = (0.53 0.53 0 0.8 000000000000)

& =(0001000000000000) = X3

X3*D = (0.53 0.53 0 0.8 000000000000)

& = (0001000000000000) = X4

X =(0000100000000000)

X*D=(000000.530.80.800000000)

& = (0000001100000000) = X1

X1*D = (00000.77 0.77 0.24 0.8 00000000)

& = (0000000100000000) = X2

X2*D = (0000 0.24 0.24 0.24 000000000)

& = (0000 111 000000000)= X3

X3*D = (00001.33 1.06 1.6 2.4 00000000)

& =(0000000100000000) = X4

Repeating in the same fashion, the fixed point is attained
for all the ON positions of the factors representing the nodes
of FCM as in Table 4.3
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Table 4.3 clearly picturizes the fixed point or the
equilibrium point of each factor under each zone is same. The
fixed point of the first zone is (0001000000000000) which
strongly emphasize that the major impact of blended learning
under the first zone is the enhancement of student’s
performance. In case of the second zone the fixed point is
(0000000100000000) which corresponds to the factor that
learning is made easier, in case of the third zone it is
(0000000000100000) which points to the factor that the use
of ICT makes learning joyful and comprehensive, in the last
zone the impact is concentrated at promotion of interactive
learning activity. The four fixed points corresponds to the
major and core impact of blended learning.
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CONCLUSION

This research work has presented a primary study on the
impacts of blended learning from the perspectives of
academicians and student community. The method of
CBDLHFCM is used to analyze the impacts of B-learning
under four zones to have a comprehensive outlook. The
method can be extended with the application of other fuzzy
numbers and the validity of the results can be tested by
carrying out as an extension of this research work. The results
obtained correlate highly with the expectations of the present
learning community, which indeed support or favours the
onset of blended learning in higher education. To promote
and sustain the standards of teaching and learning in higher
education, the B-learning has to be encouraged and
implemented in all the higher education institutions with the
necessary infrastructure and financial support for its long run.
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