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Abstract 

In this paper, we try to analyze the various factors affecting the Performance of the undergraduate 

college students in Mathematics using Fuzzy Cognitive Maps (FCM). 
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INTRODUCTION: 

The main aim of this study is to find solutions to the problem of the performance of the under graduate 

college students in Mathematics. Even though all the students are studying mathematics from the lower 

class level and getting good marks but still their performance in the college level is not up to the mark.  

PROBLEM: 

Now we have to find solution for the problem of the factors affecting the performance of the under 

graduate college students in mathematics. 

The factors are: 

F1. Teaching methods in the school 

F2. Teaching methods in the college 

F3. Teacher’s ability on teaching 

F4. Facilities in the college 

F5. Student’s Interest 

F6. Nature of the subject 

F7. Faculty recruitment process 

F8. Technology factors 
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F9. Student’s learning strategies 

Note: The above factors were taken for the study after doing enough research on this subject. 

Now we try to explain the factors briefly. 

F1.Teaching methods in the school:  

This factor is a very important one when compared to other factors because a student gets all the basic 

mathematics knowledge only from the school teaching. 

F2. Teaching methods in the colleges:  

This factor is also very important because only in the college, the student understand the real 

applications of the knowledge which he/she gained in the school level. 

F3. Teacher’s ability on teaching: 

This factor is important because this will improve the students’ interest in the subject and that leads to 

the improvement in the performance of the students in Mathematics. 

F4. Facilities in the college:  

This factor is important one because the learning facilities in the college level will improve the teaching 

methods and that leads to the improvement in the performance of the students in Mathematics. 

F5.Student’s Interest:  

This factor is very important because through this we can improve the students understanding level of 

Mathematics. 

F6.Nature of the subject: 

Mathematics subject has built on many concepts with different levels of difficulty. The nature of the 

subject is more quantitative in school level, so one can understand the concepts only through proper 

continuous way of studying the subject. Therefore, it plays an important role in the performance of the 

students 

F7.Faculty recruitment process: 

This factor is very important in the college level because it will improve the teaching methods and that 

leads to the performance of the students in mathematics. 
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F8.Technology factors: 

Advancement in the technology changes the way of learning and it also plays an important role. 

F9.Student’s learning strategies: 

This factor is very important in the college level because through this we can improve the students 

understanding level of mathematics. 

MATHEMATICAL MODELING: 

Now we are going to use the Fuzzy Cognitive Maps (FCMs) technique to find the solution for the 

improvement of the mathematics performance of the undergraduate college students.  A Fuzzy 

cognitive map is a tool to solve a complex system having networks. This technique was first introduced 

by Bart Kosko. Using fuzzy cognitive map technique, we can create a fuzzy relational matrix Rij =(rij), in 

which each cell entry  rij  represents the impact of one factor on another with fuzzy membership values. 

The algorithm of the FCM model had been designed to tackle the factors having both positive as well as 

negative impacts on each other. Now we see how to create such a matrix in detail. 

Since our aim to find solutions to the improvement of the mathematics performance of the 

undergraduate students, we have to add the term ‘student’s performance in Mathematics’ also in our 

list of factors as F10. Before forming the matrix we have to form fuzzy sets which transforms the 

linguistic terms in to fuzzy membership values. For example, as we all know the teaching methods in the 

school has a very high positive impact on the mathematics performance of the students. In order to 

represent it mathematically we give the membership values to the linguistic terms. The following table 

shows the linguistic terms which we are going to use in our problem and their membership values. 

Linguistic term Membership value 

Very High(VH) 90 

High(H) 70 

Medium(M) 50 

Low(L) 30 

Very Low(VL) 10 

Table 1 

In the above Table 1, the fuzzy values are represented in 100 point scale because the software (java 

program applet) takes the values in the interval [0, 100] but usually it is represented in the interval [0,1].  

So now, if we want to represent the fact that the Teaching methods in the school have a Very High (VH) 

positive impact on the student’s performance in Mathematics, by simply assigning the membership 

value 90 in the fuzzy relational matrix cell which connects the above two factors. We have a provision to 
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represent it in the applet and the program will execute the results accordingly. Now we define the fuzzy 

relational matrix Rij =(rij) in the following manner. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 

With the above Fuzzy relational matrix (Table 2), we can start our simulation by entering the impact 

values of the above factors on each other in the java program applet. Here we assume that all the 

factors having positive impact on each other. 

Impact values 
(in Linguistic terms) 

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 

F1 - - - - H - - - - VH 

F2 - - M - H - - - - H 

F3 - M - - M - - - - H 

F4 - H - - M - - - M M 

F5 - - - M - - - - M H 

F6 - M - - VH - - - H M 

F7 - H VH - H - - - - M 

F8 - - M - H - - - L M 

F9 - - - - M - - - - M 

F10 - - - - - - - - - - 
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Figure 1 

In the above screenshot, we have clearly seen two parts of the applet. One part in the right hand side 

containing the factors list, and the other part is the factor editor having a number of columns. The first 

column ‘Name’ contains the name of the factor; the second column ‘level’ contains the initial value of 

the factor that is the strength of the factor. In the above applet the factor levels are also assigned in the 

interval [0,100], the higher the value implies the higher the strength of the factor. For example in the 

above applet we gave the level value 70 for the factor Teaching methods in college means  that the 

Teaching methods in college is assumed at high satisfactory level. Then in the ‘Causes’ column contains 

the remaining factors, here we select the factor, facilities in the college and in the next column of applet 

‘Effect on factors’ we choose positive and in the final column ‘intensity of effect’, we choose 70 because 

as given in the above fuzzy relational matrix Rij, the factor facilities in the college have a High positive 

impact on the factor, Teaching methods in college. 

In the same way we input the initial values (strength) of each factor and the effect on one another using 

the above fuzzy relational matrix Rij on the java applet. Once we enter all the required values, we can 

run the simulation in two ways in the Java applet: (i) we can run with a fixed number of iterations (ii) we 

can run the simulation till it converges.  We choose the second option to run our simulation. Now we 

will analyze our problem with different set of factor levels. 
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Cases Factors F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 

Case 1 

(16 Iter.)  

Input 90 70 70 50 50 50 50 70 70 30 

Final 90 54 57 61 61 50 50 70 58 63 

Case 2 

( 6Iter.) 

Input 90 30 30 30 30 30 30 30 30 30 

Final 90 32 30 39 39 30 30 30 34 42 

Case 3 

( 8Iter.) 

Input 30 90 30 30 30 30 30 30 30 30 

Final 30 31 31 32 31 30 30 30 31 31 

Case 4 

7 Iter.) 

Input 30 30 90 30 30 30 30 30 30 30 

Final 30 31 31 32 31 30 30 30 31 31 

Case 5 

(10 Iter.) 

Input 30 30 30 90 30 30 30 30 30 30 

Final 30 31 31 32 31 30 30 30 31 31 

Case 6 

(11 Iter.) 

Input 30 30 30 30 90 30 30 30 30 30 

Final 30 31 31 32 31 30 30 30 31 31 

Case 7 

(12 Iter.) 

Input 30 30 30 30 30 90 30 30 30 30 

Final 30 50 35 48 48 90 30 30 60 45 

Case 8 

(11 Iter.) 

Input 30 30 30 30 30 30 90 30 30 30 

Final 30 57 65 47 47 30 90 30 38 47 

Case 9 

(10 Iter.) 

Input 30 30 30 30 30 30 30 90 30 30 

Final 30 38 48 43 43 30 30 90 45 43 

Case 10 

(7 Iter.) 

Input 30 30 30 30 30 30 30 30 90 30 

Final 30 31 30 32 31 30 30 30 31 31 
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Table 3 

In the above table 3, the input value represents the initial strength of each factor and then the FCM java 

applet simulator starts its iteration procedure and after some iteration it converges to a value and that is 

represented in the output value column.  As we said early, in this problem we assume only positive 

impact of the factors on one another. In the above table the input value represents a normal optimistic 

assumption about the factors that is we assumed both above and below par values for the factors and 

the factor student’s performance in Mathematics which we are analyzing through this problem is 

assumed to take the initial value as 30. With this input, in case 1 at the end of 6th iteration we got the 

final value of the factor student’s performance in Mathematics as 63, Which shows that under favorable 

conditions that is Very High satisfactory level of teaching method in schools and High satisfactory level 

for the factors for leads to an improvement in the student’s performance in mathematics. Now we 

analyze some more cases. 

Now we see , The difference between case 1 and case 2 is, the initial value has decreased below par 

level  (less than 50) for all the factors  F2,F3,F4,F5, F6, F7, F8, F9, F10  except F1.  Here the initial value of 

F1 is assumed as 90 as in case 1. And the changes in the final values of all the factors are comparatively 

worse than the final values of the factors of case 1.  Now we take case 3-10. In case 3, we increase the 

input value of the factor F2 (initial value is 90) and other factors are assumed to take the low level (initial 

value is 30) of importance.  And we see that the final value of the factor F10 as 31. Similarly In case 4 all 

the factors except F3 are assumed to take low level (initial value is 30) of importance, for F3 we take 

very high level (initial value is 90) of importance. Now we see the final values of all the factors are 

maintained at below par level (<50) after 7 iterations. This clearly shows that, we have to concentrate on 

all the factors with above par value (>50) of importance, then only one can see some improvement in 

the factor F10 and the system does not depend only on any particular factor. 

In the same way we can analyze the cases from case 5 to case 10.  Also we see that case 2, case 7, case 8 

& case 9 having comparatively better output value than cases between case 2 and case 10.  This shows 

that the factors F1, F6, F7, F8 having more impact on the deciding factor F10 than other factors.  

Now we see an interesting scenario in case 11, in which all the factors except F1, F6,F7,F8 are assumed 

the input value as 30, and we take very high level of importance to the factors are F1,F6,F7,F8.  And the 

Case 11 

(13 Iter.) 

Input 90 30 30 30 30 90 90 90 30 30 

Final 90 89 89 89 89 90 90 90 89 89 

Case 12 

(14 Iter.) 

Input 30 90 90 90 90 30 30 30 70 50 

Final 30 31 31 32 31 30 30 30 31 31 
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final value shows that there is an increment in the other values of the factors and a huge increment in 

the Student’s Performance in Mathematics from the initial value 30 to the final value 89 and it also takes 

comparatively less time (13 iterations) to achieve this. 

Now we compare the cases , case 11 and case 12 and both of these are contrary to each other, Because, 

In case 11 we take very high importance to the factors namely F1,F6,F7,F8.  And a low level importance 

to all the remaining factors. But in case 12 we take very high level of importance to the factors namely 

F2, F3, F4, F5, F9 and a low level importance to all the remaining factors. But in the output column of 

case 11 shows that after 13 iterations , the system converges and the final value of the factor F10 is 89 

which is very good one than the initial value 30.  But in case 12, it is reduced to 31 from 50. In the same 

case manner the final value of other factors are increased from the initial value in 11 but case 12 is 

contrary of case 11. This shows that, these four factors namely F1, F6, F7, F8 had been playing a vital 

role in the Student’s Performance in Mathematics. 

CONCLUSION: 

Finally we conclude that the factors F1, F6, F7 as well as F8 play a vital role in the Student’s Performance 

in Mathematics. Therefore the government and the academic institutions must take necessary steps to 

strength the above factors and that leads to a brighter future in the student’s performance in 

mathematics. At the same time we can control the remaining factors by concentrating on the above four 

vital factors. 
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