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Abstract

The field of Engineering inspires and attracts bounteous number of students to
be beckoned as engineers in a course of time. The colleges provide them good
platform and implement virtuous strategies to attain their goals. But still the
students are not able to reach the expected framed standards of success. One
of the crucial reasons is poor performance in mathematics; however this
subject is renowned as the ultimate of engineering sciences. Several facets
contribute to get deprive score in mathematics but the core aspect is anxiety
towards mathematics. Several extensive studies have been done by the
research scholars in this perspective at secondary level and college level just
in general, Though the causes of math anxiety was discussed in brief by the
educational experts in their perspective, a scientific analysis by applying
mathematical techniques has not been undertaken by them. Therefore in this
paper the educational and psychological concept of math anxiety has been
integrated with mathematical tool so as to promote the measures of putting
down math anxiety that is prevailing among the engineering students who are
focussed in this research work. In this paper a new modelling approach is
proposed highlighting the causes of math anxiety. The main scope of this
work is to upgrade the mathematical ability of the students by developing an
efficient technique to minimize the math anxiety. In this paper IFCM and
TOPSIS methods are applied to ascertain the causes and to determine the
sequential effects respectively.
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1. Introduction

The subject Mathematics is embodied with unique characteristics features which
together crowned it to be the queen of all sciences. It has an extensive application in
almost all fields where engineering is not an exception. The students study
Engineering Mathematics for nearly four semesters, whereas the subjects such as
Engineering Physics, Engineering chemistry, English are dealt by them for just two
semesters. This itself make them so embarrassed, on the other hand it pictures the
prominence of mathematics in engineering.

The engineering student’s performance in mathematics is poor when compared to all
other subjects. The foremost reason is math anxiety, which is a feeling of intense
frustration about one’s ability to do math [2].Several factors such as personal,
biological, intellectual, social contribute to math anxiety. The effects of math anxiety
are pernicious as it makes the students to get low score in the examinations which
indeed deepen the bitterness towards the subject. It also spoils the dreams of getting
through the on campus interviews, as many multi-national companies and IT-
companies seeks for employees with good academic record. Therefore the problem of
math anxiety must be resolved for which the causes must be identified. The
psychologist’s opinion is that math anxiety is more emotional rather than intellectual
[4]; in that case the prime cause can be recognised and treated for which the tool
Fuzzy Cognitive Maps (FCM) has been taken.. In this paper IFCM and TOPSIS
methods are applied to ascertain the causes and to determine the sequential effects
respectively.

This paper is structured as follows: Section 2 presents the methodology. Section 3
contains the causes of math anxiety in engineering students. Section 4 elucidates the
calculation of the methodology for the given data. Section 5 discusses the
experimental result. Section 6 presents the remedial measures and section 7 concludes
the paper.

2. Proposed Methodology
The whole proposal of methodology contains the following blocks

1. Building FCM models using expert’s opinion

2. Making inference after finding the fixed point by using IFCM

3. Simulation of Scenario is composed of two stages, the first is the definition of
scenario and the second is inference of FCM.

4. Ranking the scenarios with TOPSIS. The scenario closer to the positive-ideal

scenario is the best solution

2.1.1 Fuzzy Cognitive Maps

The pioneer of cognitive maps is Axelrod [1] in the year 1976.Cognitive maps are
signed digraph used to analyse the effects of alternatives of the casual assertions of an
expert pertaining to specific domain. This has been extended to Fuzzy Cognitive
Maps by Kosko [11] in 1986 which is a graphical representation consisting of fuzzy
sets as nodes denoting the related factors and its relationships by directed graphs in
which the edges connecting the nodes represent the effect of one over the another.
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The unique features of FCM are the different intensities of the casual relationships
between the nodes and the dynamic system evolving with time. Simple FCM has
intensities as {-1,0,1} and weighted FCM has intensities in the range [1,1].The
concept of feedback is also considered, and the effect of change in one concept node
may induce corresponding change in the node initiating the change. The core aspects
of FCM are, the fixed point attractor which is the hidden pattern, the fixed pattern of
node values is attained after several iterations and the other is chaotic attractor which
exists after using continuous transformation function.

2.1.2 Procedure of Induced Fuzzy Cognitive Maps

IFCM is an advanced tool used to get refined inference. The problem is defined and
the nodes are determined. The connection matrix(M) is obtained from the directed
graph drawn from the expert’s opinion. The state vector C1 is made in ON position
and C1xM is found and threshold at each stage. The components of C1 are taken
separately and the product with M is determined. The vector occurring first with
maximum number of ones is considered as C2.The iteration gets terminated when the
fixed point is obtained after the same occurrence of threshold value twice. The same
steps are followed for all the other vectors to find the hidden pattern.[6]

2.1.3 Fuzzy Dynamics

FCMs are vibrant systems in which the feedback is involved. An effect in the node
arises as the result of changes made in other. Let the initial vector state with n nodes
be X°=(x2,x3, ...x%), where x{ is the value of the concept i = 1 at instant t = 0. An
iterative vector-matrix multiplication process is done with an activation function to
determine the new values of the node. The vector state X' at instance t +1 is X™*! = f
(X'. A). where A is the adjacency matrix, X' is the vector state at instant t, f is the

sigmoid function defined as f(x) = ( , degree of normalization, x= 5

(1+e™>X)
provides good degree of normalization).The iteration is averted after the attainment of
hidden pattern.

2.1.4TOPSIS
A decision matrix D with n alternatives and m attributes is considered. A normalised

decision matrix R= [rij] is constructed where r;j = —

j=12,...mi=12,...n
n
i=1

Xijz

where x;; is the value of the alternative ( or scenario) i ( i belongs to the union of
alternatives A, A = UiL, A;) with respect to the criterion ( or attribute) j (j belongs to
the union of criterions C, C =U{Z, C;). Following it the weighted normalised decision
matrix V=[ vij] is formulated. Vj; = ri.w; ( w; is the weight of the jth criterion). The
positiveA+ and negative A-ideal alternatives are determined from

A" ={(maxiL vijj € "), (minfL,viij € D)} = [ v, v],vi .. vi]

A= {(minfyvyj € 17), (maxtL, vyj € 1M} = [vi,v5,V5 ..va]

Where 1*,1~ are the criterian sets of benefits and cost respectively.

The separation measures for each alternative to positive ideal alternative is and to
negative ideal alternative are as follows
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dit = \/Zj‘gl(vij —v)2i=12.n

di= \/ijil(vij —v)?i=12.n

The relative closeness of the ith alternative Ci to the ideal alternative is Ci+ which is
. dy

defined as e

The larger Ci+ is the better alternative with which the preference order is ranked [7].

3. Causes of Math anxiety in Engineering Students-Undetermined Factors
We have made a sample survey of several engineering students in the district of
Dindigul in Tamil Nadu. Questionnaire technique relevant to the topic is used to
receive their views. According to their views some of the factors causing math anxiety
are considered for our studies are as follows,

C1-Mathematized Curriculum

C2-More Traditional Belief

C3-Mythologization of Mathematical Language

C4-The learner’s genetic make up

C5-Inappropriate Teaching Style

C6-Poor Learning Environment

C7-Unsystematic study processes practised by the students

C8-Lack of Positive Role Models

C9-The high pressure of solving problems within certain time limits

C10-High rate of Failure in the past

C11-Lack of self-confidence

C12-Relationship with past event or mathematics teacher

C13-Past bitter experience in a mathematics lesson

C14-Deliver of much information at a time by the teacher

C15-Lack of good teachers

Ci-Mathematized Curriculum

Mathematics has been centralized as the core subject, involving formulas, procedures
running to several pages to solve problems. In addition the other engineering subjects
also involves the concepts of differential calculus and integral calculus that arose a
thought of studying mathematics among the students which indeed makes them much
distressed.

C2-More Traditional Belief

There lies a belief that only intellectual students can perform well in mathematics.
The students also trust the same and still they strongly hope that ability to do maths is
a gift only for few.
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C3-Mythologization of Mathematical Language

Mathematics has its own vocabulary which makes the listeners inflexible many a
times. The terminology, notations used puzzles and sometimes creates commotion in
the minds of the students.

C4-The learner’s genetic make up
The role of genetic influence is high in one’s own learning system. Naturally if a
student has poor perception of mathematics he is prone to math anxiety.

C5-Inappropriate Teaching Style

The skill of teaching mathematics is an art. The teacher deserves appreciation only if
the transmission of information is perfect. The problems become easier and
understandable only if it is solved by the teacher rather it becomes much complicated
if the teacher adopts method of dictation. Therefore practise of inappropriate teaching
style persuade math anxiety.

C6-Poor Learning Environment

The learning environment stated is related to the influence of society and peer group.
The society accepts mathematical scholars as the most respectable dignitaries. This
attitude makes the students to feel more contemplating and thrust math anxiety. The
peer group induces negative inspiration towards mathematics saying that mathematics
is a fearful subject rather than working together to minimize the complexity. The
probability of accomplishing the former task is more than the latter.

C7-Unsystematic study processes practised by the students

The student’s unawareness about the way of learning mathematics creates math
anxiety. The students study mathematics in the way as they do for other subjects. The
lack of practise by them makes an impression that Mathematics is Tough which pave
way for math anxiety.

C8-Lack of Positive Role Models

Optimistic Approach is the gate way to success. The students meet several persons in
their life among which only a meagre number of people say mathematics is not too
difficult where as many of them comments that it is the most difficult subject. So the
positive role models encouraging the students are not present up to required level.

C9-The high pressure of solving problems within certain time limits
The students are subjected to many aptitude tests in mathematics which are time
bound. The thought of completing it within the given time itself causes math anxiety.

C10-High rate of Failure in the past

The student if once met with failure in the past feels more disappointed. The
continuous failure in mathematics frustrates them and cause math anxiety.
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C11-Lack of self-confidence

The students are not confident enough to feel that they are capable of solving the
problems. They lose hope and have a thought that they are not potential enough to
solve the problems. This outlook grounds math anxiety.

C12-Relationship with past event or mathematics teacher
The past incidents relating to an event or a person highly influence the present and
future scenario. The impact of previous happenings may outbreak math anxiety.

C13-Bitter experience in a mathematics lesson
The instance of unpleasant occurrences will surely start the onset of math anxiety as it
halts a sturdy rash approach in the minds of the students

C14-Deliver of much information at a time by the teacher

The teacher at many occasions gives a lot of information to the students to make them
much updated but devoid of the fact that it is a force of overpowering. The students
overloaded with information are liable to math anxiety.

C15-Lack of good qualified teachers

The teachers must be highly qualified and have sound subject knowledge. Only
competent teachers can generate good academic record. Partial acquirement of
knowledge will never fulfil the needs of the students. This will surely stimulate math
anxiety.

4. Implementation of the Proposed Methodology to the study.

4.1 Method of Induced Fuzzy Cognitive Maps.

Based on the educational expert’s opinion the directed diagram is drawn. The
corresponding connection matrix M is given as follows
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Figure 1. Fuzzy Cognitive map for 15 x15 connection matrix
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Let us consider C1 in the trial 1 by setting the concept C6 to ON state, that is the sixth
component vector is set to be 1 and the rest are assigned to be zero.
LetC;=(000001000000000)

Product of C; and M are calculated~
Ci1xM=(00.250250000.50.250.50.75050000)
-(011001111110000)=C;

Threshold value is calculated by assigning 1 for values greater than 1 and 0 for the
values less than 0. The symbol < represents the threshold value for the product of the
result. In accordance to the methodology of IFCM, the components in the Ci’ vector is
taken separately and the product of the given matrix is found. The vector which has
the maximum number of one’s which occurs first is considered as C2. The symbol ~
denotes the calculation performed with the respective vector.

C:’M ~ (010000000000000)M < (100100000010010)

C:’M ~ (001000000000000)M < (110010100110011)

C1’M ~ (000001000000000)M < (100000001110100)

C1’M ~ (000000100000000)M < (000000000100000)

C.’M ~(000000010000000)M< (100100100010001)

C.’M ~(000000001000000)M& (111111110111011)

C.’M ~(000000000100000)Ms (011111110011101)

C.’M ~(000000000010000)M< (010011100100010)

C2=(111111110111011)

C2M = (1.5 3.25 2.25 0.25 1.5-0.25 2.5 2 1.25 2.75 6.25 1.25 1.75 2.75 0.75) <
(111110111111111)

Similar to the above calculations made we get

C3=(111100111111111) and C4=(111100111111111)

Therefore the fixed point is C4 (The iteration gets terminated when the same value
occurs twice after applying the threshold values)

Trial 2

Let us consider C1 in the trial 1 by setting the concept C9 to ON state, that is the ninth
component vector is set to be 1 and the rest are assigned to be zero.
LetC,=(000000001000000)

Product of C; and M are calculated -

C1xM=(0.50.750.250.250.25 0.25 0.25 0.25 0 0.25 0.25 0.25 0 0.25 0.25)

© (111111111111011). By applying the IFCM algorithm we get
C2=(111110111111111), C3 = (111100111111111) and C4 = (111100111111111).
Therefore the fixed point is C4.

In a similar way the other trials are performed and the respective fixed points are
obtained. The interpretation is that when the sixth factor is in ON state the factors
corresponding to one’s are the possible factors, the same inference is made for the
ninth factor. Therefore IFCM method gives the impacts and effects of each concept. A
brief discussion about the results of IFCM is given in section 5.
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4.2  Ranking by the method of TOPSIS

The effects of each factor is given by IFCM which helps in determining the possible
outcomes, but the planning strategies can be better formulated only when the
comparative analysis is made between the presence of different factors. The degree of
effectiveness due to the presence of several factors is determined by TOPSIS. In this
method 16 concept nodes are taken for study among which first 15 are same as
discussed in section 3 and the 16™ concept node is the possibility for the cause of
math anxiety.

Based on the educational expert’s opinion the directed diagram is drawn. The
corresponding connection matrix (A) is given as follows:

&1
C14
' e C16
C13 a3
c4
C12
C1
w C5
c11
N
> C6
10 =3
C7
9 CS8 «

Figure 2. Fuzzy Cognitive map for 16 x 16 connection matrix

A=
0 [0.75]0.25| 0 | O |0.25] O [0.25(0.75{ 0 |0.75 0 | O |05| O1
025 0 | 0 (025 0 | O | O | O | O |0O1J075 0| 0 025/ 00.3
0.250.25| 0 | 0 [0.25] O |0.25] O | O |0.25/0.25 O | O | 0.5]0.250.9
0(05] 0] 0] 0] 0 ]025/05(025/05/0.75 0 | O | O | 00.2
0.250.25]0.75]0.25] 0 |-0.25/ 0.5 0.5 ]0.75|0.75/ 1 |05]0.75| 1 | 051
0 [0.25/0.25| 0 | O | O |05 (0.25/0.5(0.7505| 0 | O | O | 00.6
00| 0] 0] 0 025 0 |-0.75 0 025 0 |-0.25] 0 | O |-0.250.9

2713



2714 Dr.Kaliga Rani J et al
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0| 0 |-0.25[-0.25/0.25]-0.25-0.25 0 | 0 |0 | O | O | O |-0.25 00.8
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0 |-0.25|0.25]-0.25] 0 |-0.5| 0 |-0.25]-0.75]-0.5| 0 |-0.25] 0 | O |-0.250.2
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Further five initial stimuli have been defined as follows (Table 1 ). The FCM-based
scenariosare generated from each of the initial stimuli vector. The results are
presented in Table 2.The final scenarios are represented graphically in Figure 3. The
figure suggests that the fifth scenario as the best one, but there is not much
information about the preference between the different scenarios. After applying FCM
dynamics, the scenarios are ranked with TOPSIS. Table 3 &4 represents normalised
decision matrix R and weighted normalised decision matrix V respectively.

Table 1: Initial Stimuli

A=
NODES | INITIAL STIMULLI li
Ci 11712 |13 [14]15
C1 1,0]0]0]1
C2 1 ({0001
C3 1 ({0001
C4 1 ({0001
C5 O[1 (0|01
C6 O[1]0]0]1
C7 O[1 (0|0 |1
C8 O[1 (0|0 |1
C9 O[O0 (1|01
C10 0]0]1]0 /1
Cl1 0]0]1]0 /1
Cil2 0]J]0]1]0/|1
C13 0]J]0]0(|1(1
Cl4 0]J]0]J0 (1|1
C15 0]J]0]0 (1|1
C16 110100 (|1
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Table 2: FCM dynamics results
NODES SCENARIOS Si
Ci S1 S2 S3 S4 S5
Cl 0.999996 | 0.999996 | 0.99983 | 0.999983 1
C2 1 1 1 1 1
C3 0.992423 | 0.989013 | 0.982014 | 0.982014 1
C4 0.993307 1 0.989013 | 0.989013 1
C5 0.993307 | 0.989013 | 0.982014 | 0.982014 | 0.982014
C6 0.924142 | 0.924142 | 0.880797 | 0.880797 | 0.880797
C7 1 1 1 1 1
C8 0.999985 | 0.999983 | 0.999925 | 0.999925 1
C9 0.99929 | 0.999089 | 0.997527 | 0.997527 1
C10 1 1 1 1 1
Cl1 1 1 1 1 1
C12 | 0.999955 | 0.999955 | 0.999797 | 0.999877 1
C13 | 0.999842 | 0.999842 | 0.999447 | 0.999665 1
Cl4 1 1 1 1 1
C15 | 0.999447 1 0.998499 | 0.998499 1
C16 1 1 1 1 1
Table 3: Normalized Decision matrix
R =
1(1]1]0.993|0.99321{0.9247|1]0.9998{0.9993(1|1(0.99/0.998|1{0.994 |1
1(1]1]0.992|0.99321{0.9245]1]0.9998{0.9992(1|1(0.99|0.997|1{0.994 |1
1[1]1]0.993]0.99322{0.9246|1| 0.99 ]0.9993(1]1]0.99]0.998|1]0.994 |1
1(1]1]0.992|0.99319{0.9247|1| 0.997 {0.9993(1|1{0.99]0.998|1{0.994 |1
11111 1 1 09 1| 1 1 |11 1 1 (1] 1 |1
lW=0.5/0.7]0.1]0.2]/0]0.5]1[0.7]0.8]0.4]0.5]0.7]0.6[0.3]0.5| 0|
Table 4: Weighted Normalized Decision Matrix
V=
0.5/0.7]0.0992|0.199(0.3972|0.4620.6|0.69(0.7994 (0.4]0.5]0.69|0.599(0.3|0.499|0
0.5/0.7]0.0993|0.198(0.3973/0.463|0.6|0.68|0.7995(0.4|0.5]0.68|0.598|0.3|0.498|0
0.5/0.7]0.0992|0.197(0.3974/0.462|0.6|0.69(0.7993(0.4]0.5]0.69|0.598|0.3|0.499|0
0.5/0.7]0.0992|0.196|0.3972/0.462|0.6|0.69(0.7994(0.4]0.5]0.69|0.598|0.3|0.498|0
0.5/0.7] 0.1 | 02 | 04 |0.45/0.6/0.7| 0.8 [0.4/05/0.7| 0.6 |0.3] 0.5 |0
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In accordance to the TOPSIS methodology, the positive-ideal scenario (PIS) is
calculated by the higher scores of each node and the negative-ideal scenario (NIS) is
calculated by the lower score of each node. After applying TOPSIS algorithm, the
results are shown in table 5

——5Scenariol
—l—5cenario?

Scenariol
——Scenaricd

—=5Scenarios

Figure 3: Scenario’s Results

Table 5: TOPSIS Results

| S1 S2 S3 S4 S5
di 0.01274 | 0.012739 | 0.012738 | 0.012743 0
di’ 0.01233 0.0126 0.01232 | 0.01233 | 0.00319
Ci 0.491823 | 0.497257 | 0.491659 | 0.491764 1
Rank 3 2 5 4 1

5. Discussions

In the method of IFCM two trials are made in which, in the first one the concept poor
learning environment is considered, in response to it the consequential factors are
mathematized curriculum, more traditional belief, mythologization of mathematical
language, the learner’s genetic makeup, unsystematic study processes practised by the
students, lack of positive role models, the high pressure of solving problems within
certain time limits, high rate of failure in the past, lack of self-confidence, relationship
with past event or mathematics teacher, past bitter experience in a mathematics
lesson, deliver of much information at a time by the teacher, lack of good teachers.

In a similar manner the results of trial 2 are same as obtained in trial 1. One of the
main inferences is that when each of the factors is in ON state the same results are
obtained that is the same implication factors are attained.

In the method of TOPSIS the simulated scenarios are ranked as S5 >S2>S1>S4>S3.
From this analysis the 5™ scenario is ranked first, which elucidates that when all these
possible factors are present then the possibility of math anxiety is very high. The
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second scenario is ranked second which indicates that the presence of the factors such
as C2, C4, C7, C10, C11, C14, C15,C16 reveals that the possibility of math anxiety is
high. Likewise we can conclude the effects of other scenarios.

6. Remedial Measures

The measures to mitigate math anxiety among the engineering students have to be
implemented so as to channelize them in the path of success. The following steps that
can be practically followed by the academicians to ease math anxiety are as follows:
() Motivating and encouraging the students

(i) Framing of application oriented mathematized curriculum

(ifi)  Use of simple language for teaching mathematics

(iv)  Following simple to complex methodology in introducing the concepts

(V) Building good relationship with the students

(vi)  Creating a positive approach towards mathematics.

7. Conclusion

This study explores briefly the causes of math anxiety among the engineering
students. The methodology such as IFCM and TOPSIS used aids in determining the
experimental results. A systematic approach of getting remedial measures of
educational and psychological aspect of math anxiety is made in this study. This work
explicates the application of mathematics to the real life problems pertaining to
academic and emotional perspectives.
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