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ABSTRACT 

Education is a device that designs the life of the mankind. The students of today are very ambitious and in 

particular the engineering students are much determined to achieve in various domains, but they are bound to many 

academic constraints. One of the most notable one is the percentage of imbibing the acquaintance of their specialization, 

with that of the subject mathematics is comparatively very low. The sole reason for their poor performance is fear towards 

the subject. This emotional aspect disintegrates the channel of learning mathematics. To refurbish the minds of the students 

a profound investigation has to been undertaken for which this paper is a step towards it. The method of multi-step FCM 

(Fuzzy Cognitive Maps) approach is applied in this paper to uncover the measures of mitigating the fear of mathematics 

among the engineering students from the teaching perspective. 
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INTRODUCTION 

Mathematics being the building block of 

Engineering, it is given high degree of implication in the 

curriculum. The negative thought of mathematics 

inscribed in the minds of the students in their schoolings 

steadily flows in their college days also. Several factors 

contribute to the  arose of emotional disturbance, the fear, 

such as mathematized curriculum, more traditional belief, 

mythologization of mathematical language, the learner’s 
genetic makeup, inappropriate teaching style, poor 

learning environment, unsystematic study processes 

practiced 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. After the analysis of these causes, it has 

been found that the factor, lack of confidence induce fear 

among the students at rapid rate. 

To condense this emotional intensity certain 

preventive actions have to be formulated and the most 

applicable and influencing remedial measure have to be 

implemented. Many researchers are working on it and 

have suggested many action plans, but those are only 

theoretical, in sense they are not implicative in nature as 

they act independently. An action plan must manipulate 

other suggested measures so as to be entitled as global. In 

order to obtain such an effervescent action plan a 

mathematical tool is used to devise it. 

This paper is structured as follows: Section 2 

presents the methodology of Multi Step FCM Approach. 

Section 3 contains the suggested measures of mitigating 

the fear of mathematics among the engineering students 

and elucidates the calculation of the methodology for the 

given data. Section 4 discusses the experimental result and 

section 5 concludes the paper. 

 

Multi Step FCM Approach 

 Multi-step FCM analysis approach includes the 

following steps. 

1. Drawing of Cognitive maps. 

2. Determining of the sample size in adequate. 

3. Coding the cognitive maps into adjacency matrices. 

4. Augmenting individual cognitive maps and then 

adding them together to form stakeholder social 

cognitive maps. 

5. Analyzing the structure of individual and social 

cognitive maps using graph. 

6. Analyzing the differences and simulation in 

variables among stakeholder groups. 

7. Condensing complex cognitive maps into simpler 

maps for comparison purposes. 

8. Analyzing the outcomes of CMs among neural 

network computation. 

9. Simulating different policy option through neural 

network computation. 

 

 This approach is described in detail in the 

following sections. 

mailto:nivetha.martin710@gmail.com


                               VOL. 11, NO. 2, JANUARY 2016                                                                                                               ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 

©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                      1219 

 

Obtaining Cognitive Maps 

Cognitive maps can be obtained in four ways: (1) 

from questionnaires, (2) by extraction from written texts, 

(3) by drawing them from data that shows causal 

relationships, (4) through interviews with people who 

draw them directly. In this study, the last two methods 

are described only briefly because they have been covered 

in detail elsewhere. 

 

Coding Maps into Adjacency Matrices 

According to graph theory, cognitive maps can be 

transformed into adjacency matrices in the form A(D) 

= [aij] (Harary et al., 1965), where the variables vi are 

listed on the vertical axis and  vj  on the horizontal axis to 

form a square matrix. When a connection exists between 

two variables the value is coded in the square matrix 

(between−1 and 1). 

 

Graph Theory Indices 

Cognitive maps are complex systems because 

they are made up of a large number of variables that have 

many interconnections and feedback loops. This structure 

results in an overall behavior of a system that is different 

than the sum of units. The analysis of complex cognitive 

maps is difficult but the matrix algebra tools of graph 

theory provide a way to analyze their structure. We 

have found it useful to look at the structure of the 

maps and make comparisons among decision making 

groups. By examining the structure of maps we can 

determine how they view the system, for example 

whether they perceive a lot of forcing functions affecting 

the system which are out of their control, or whether they 

see the system as hierarchical or more democratic. 

To analyze a cognitive map, the number of 

variables (N) and the number of connections (C) in the 

map can be counted. However, graph theory provides us 

with many more indices in addition to the number of 

variables (concepts, statements) and connections 

(intersections, links, edges). 

1. The density (clustering coefficient) of a fuzzy 

cognitive map (D) is an index of connectivity, which 

shows how connected or sparse the maps are 

 

D = C/N(N − 1)  or alternatively, D = C/N
2

 

 

To calculate density, the number of connections 

is divided by the maximum number of connections 

possible between N variables (Hage and Harray, 1983). If 

the variables can have a causal effect on themselves then 

maximum number of connections is N
2

. 

2. The type of variables in a map is important 

because it shows how the variables act in relation to the 

other variables. In addition, the number of different types 

of variables in a cognitive map facilitates an 

understanding of its structure. The three types of variables 

are: transmitter variables (forcing functions, givens, tails), 

receiver variables (utility variables, ends, heads), and 

ordinary variables (means) (Bougon et al., 1977; Eden 

et al., 1992; Harary et al., 1965). These variables are 

defined by their outdegree [od(vi)] and indegree [id(vi)]. 

Outdegree is the row sum of absolute values of a variable 

in the adjacency matrix. It shows the cumulative strengths 

of connections (aij) exiting the variable, where N is the 

total number of variables: 

 

od(vi)=∑ �����=  

 

Indegree is the column sum of absolute 

values of a variable. It shows the cumulative strength of 

variables entering the variable. 

 

id(vi)=∑ �����=  

 

Transmitter variables have a positive outdegree, 

od(vi), and zero indegree, id(vi). Receiver variables have a 

positive indegree, id(vi), and zero outdegree, od(vi). 

Ordinary variables have both a non-zero indegree and 

outdegree (Bougon et al., 1977). Ordinary variables can 

be more or less a receiver or transmitter variables, based 

on the ratio of their indegree and outdegree. 

3. The centrality (immediate domain, total degree 

[td(vi)]; Harary et al., 1965) of a variable is the 

summation of its indegree (in-arrows) and outdegree (out-

arrows) (Bougon et al., 1977; Eden et al., 1992; Harary et 

al., 1965): 

ci = td(vi) = od(vi) + id(vi) 

The contribution of a variable in a cognitive map 

can be understood by calculating its centrality, which 

shows how connected the variable is to other variables and 

what the cumulative strength of these connections is. In 

fuzzy cognitive maps, but not binary cognitive maps, a 

variable can be more central although it has fewer 

connections if the connections carry larger weights 

(Kosko, 1986). 

4. The total number of receiver variables in a map 

can be considered an index of its complexity. Many 

receiver variables indicate that the cognitive map 

considers many outcomes and implications that are a 

result of the system (Eden et al., 1992). However, a 

large number of transmitter variables indicates thinking 

with top down influences, a -formal hierarchical system‖ 
(Simon, 1996, p.185) and also show -flatness‖ of a 

cognitive map where causal arguments are not well 

elaborated (Eden et al., 1992). Thus we can compare 

cognitive maps in terms of their complexity by the ratios 

of number of receiver to transmitter variables (R/T). 

Complex maps will have larger ratios, because they define 

more utility outcomes and less controlling forcing 

functions. 

5. Another structural measure of a cognitive map 

is the hierarchy index (h): 
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ℎ = � − � � + ∑[�� � − [∑ �� � ]� ]�  

 

where N is the total number of variables. When h = 1, then 

the map is fully hierarchical and  

when h = 0, then the system is fully democratic. 

Sandell (1996) calls these domination 

(hierarchical) and adaptation eco-strategies (democratic) 

pointing out that democratic maps are much more 

adaptable to local environmental changes because of their 

high level of integration and dependence. Stakeholders 

with more democratic maps are more likely to perceive 

that the system can be changed and thus these 

stakeholders can be a starting point for achieving 

management objectives. 

Thus the first step in analyzing cognitive maps 

is to describe and tabulate the number of variables and 

connections and the graph theory structural indices. The 

description and the tables can then be used to compare 

among different interviewees or different groups of 

decision makers. 

Therefore this multi-step FCM helps in 

determining the most influential factor. This method is 

indeed very simple as it uses the indices of Graph theory. 

This method aids the decision makers in planning and 

execution of various aspects in a most acceptable manner. 

 

Suggested Measures to Mitigate the Fear of  

Mathematics among the Engineering Students 

The main intention is to determine the global 

action plan. In accordance to it the expert’s opinion in 
educational and psychological scenario some remedial 

measures are suggested as follows: 

 

 

C1 Motivating and encouraging the students 

C2  Framing of application oriented mathematized 

curriculum 

C3 Use of simple language for teaching mathematics 

C4 Following simple to complex methodology in 

introducing the concepts 

C5 Building  good relationship with the students 

C6 Creating a positive approach towards 

mathematics. 

C7 Arrangement of smart classrooms. 

C8 Conducting activities in mathematics lab 

C9 Inculcating the habit of practicing problems daily 

C10 Assigning field work/minor project relating to the 

syllabus 

C11 Organizing some innovative activities to build the 

interest in the subject 

C12 Teaching easy techniques to the students to solve 

the problems 

C13 Enabling the students to apply the mathematical 

concepts with their core subject 

C14 Making the students to understand that 

mathematics is the basis for engineering. 

 C15 Making the class more interactive. 

 

These factors or the variables suggested by the 

experts to mitigate the fear of mathematics. These factors 

are represented as nodes and their relationship or the 

connections are represented as the edges. These 

connections are represented as cognitive maps. The 

experts of mathematics educators and education 

psychology have given the following graphical 

representation, which reflects the interrelationship that 

exists between the variables/ factors mentioned above. The 

below Figure-1: FCM Model of Formulation of Global 

Action Plan 
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The adjacency matrix M for the factors is given by 

 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 

C1 0 0 0 0 1 1 0 0 0 0 0 0 1 1 1 

C2 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0 

C3 1 0 0 0 1 1 0 0 0 0 0 0 1 1 1 

C4 1 0 0 0 1 1 0 0 0 0 0 0 1 0 0 

C5 1 0 0 0 0 1 0 0 1 0 0 1 1 0 1 

C6 1 0 0 0 1 0 0 0 1 0 0 0 1 1 1 

C7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C8 0 0 0 0 0 1 0 0 0 1 0 0 1 1 0 

C9 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 

C10 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 

C11 1 0 0 0 1 1 0 0 0 0 0 0 1 0 0 

C12 1 0 0 0 1 1 0 0 1 0 0 0 1 1 1 

C13 1 0 0 0 1 1 0 0 0 0 0 0 0 1 0 

C14 1 0 0 0 1 1 0 0 1 0 0 0 1 0 0 

C15 1 0 0 0 1 1 0 0 1 0 0 0 1 1 0 
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Table-1. Graph theory indices for the adjacency matrix M. 
 

Variables 

Indices 

1
 

2
 

3
 

4
 

5
 

6
 

7
 

8
 

9
 

1
0
 

1
1
 

1
2
 

1
3
 

1
4
 

1
5
 

In degree 

(column total) 
10 0 0 0 9 13 1 1 5 2 1 1 12 8 5 

Outdegree 

(row total) 
5 4 6 4 6 6 0 4 3 3 4 7 4 5 6 

Centrality 15 4 6 4 15 19 1 5 8 5 5 8 16 13 11 

Transmitter 

variables 
0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 

Receiver 

variables 
0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Ordinary 

variables 
1 0 0 0 1 1 0 1 1 1 1 1 1 1 1 

No. of 

Transmitter 

variables 

3               

No. of Receiver 

variables 
1               

Total No. of 

Ordinary 

Variables 

10               

No. of 

connections 
133               

Connections/ 

Variables 8
.8

6
 

              

Complexity 

Receiver/ 

Transmitter 

0
.3

3
 

              

Density D 

0
.6

3
3
 

              

Hierarchy Index h 

0
.9

3
1
7
 

              

 

DISCUSSIONS 

From the Graph Theory indices for the impact 

factor, we obtain the following results:  

The high value of density symbolizes large 

number of casual relationships among the variables. From 

the density values D = 0.633, it is found that the variables 

have moderate number of connections.  
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In this map, the variables C2, C3, C4 are 

transmitter variables. The indegree is 0 and the outdegree 

is 4, 6, 4 respectively. It means that these variables 

influence other variables but they are not influenced by the 

other variables. The variable C7 is the receiver variable. 

The outdegree is 0 and the indegree is 1. This variable is 

influenced and does not influence the other variables. The 

other variables are the ordinary variables. The most central 

variable is C6 as it is shown very vividly in the graph. 

Finally, the value of h = 0.9317 indicates the map 

is hierarchical. This signifies that the connections are more 

dependent of each other. 

 

CONCLUSIONS 

The method of multi - step FCM approach 

determines the most impactful factor that is the global 

action plan for mitigating the fear of mathematics among 

the students. The factor, creating a positive approach 

among the students is the most dominating factor, as it 

stimulates the other interrelated activities. This method has 

more practical application as it helps in decision making in 

all fields. 
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