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Abstract 

In this article, we try to analyze the various factors affecting the Academic performance of the Indian 

college students 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 under achievement of the Indian 

college students (both Science and Professional stream) in their academic.  Even though so many 

students in the higher secondary school level getting good marks (grades) in their Science and 

Mathematical subjects but still their performance in the college level are not up to the mark.  Even 

though the Government of India spending so much for the Higher education and Research but the 

Research output and the Inventions in the Technological / Industrial sectors were comparatively very 

less in number.   

PROBLEM: 

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

Indian college students.  The experts (Academicians) found the following factors are affecting the 

academic performance (positively or negatively) of the Indian college students.  

The factors are: 

1) Teaching methods in the schools 

2) Teaching methods in the colleges 

3) Facilities in the colleges 

4) Students’ behaviour or mindset 

5) Students’ awareness about their career or opportunities 

6) Students’ awareness about their courses 

7) Extracurricular activities of the students 

8) Technological impact on students (Internet, Smart phone and so on) 
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9) Impact of Society (Including their family) 

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

Now we try to explain the factors briefly. 

1. Teaching methods in the schools: This factor is a very important one when compared to other factors 

because a student gets all the basic academic knowledge only from the school teaching. 

2. Teaching methods in the colleges: This factor is also very important because in the college only the 

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

3. Facilities in the colleges: This is also an important one because the facilities in the college improve the 

Teaching methods and that leads to the Academic performance of the students.   

4. Students’ behaviour or mindset: Even though the factor is a psychological one but still it plays an 

important role in the academic performance of every student. 

5. Students’ awareness about their career or opportunities: The knowledge of academic opportunities 

like higher study opportunities, Job opportunities and so on, plays a vital role in the academic 

performance of a student. 

6. Students’ awareness about their courses: The knowledge of why they are learning a particular course 

/ subject also plays an important role in the academic performance of the students. 

7. Extracurricular activities of the students: Involving in the extracurricular activities also affects the 

academic performance of the students (both positively and negatively). 

8. Technological impacts on students: Advancement in the technology changes the way of learning and 

it also plays an important role in the academic performance (both positively and negatively). 

9. Impact of society: This is a factor affects the students (both physically and psychologically) in their 

academic performance.   

In the above factors some of them have positive as well as negative impact on the academic 

performance.  For example, Advancement in the technology (like online academic related articles, E-

magazines and so on) causes positive impact to the academic performance at the same time certain 

advancement in the technology diverts the students’ attention from the academic.  Similarly, Involving 

in Extracurricular activities sometimes affects the academic performance of the student negatively.  Not 

only that, there is a relation between the factors themselves also.  For example, Facilities in the college 

have a positive impact on the Teaching methods in the college.   
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MATHEMATICAL MODELING: 

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

improvement of the academic performance of the Indian college students.  A Fuzzy cognitive map is a 

tool to solve a complex system having networks.  This technique was first introduced by Bart Kosko [1].  

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 will see how to create such a matrix in detail. 

Since our aim to find solutions to the improvement of the academic performance of the Indian college 

students, we have to add the term academic performance in the college also in our list of factors.  

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 have a very high 

positive impact on the academic 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 

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 [2] (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 academic performance of the students by simply assigning the membership value 

90 in the fuzzy relational matrix cell which connects the above two factors.  Suppose if there is a 

negative impact of one factor on the other as we seen above in the case of Improvement in the 

technology, when we feed the values in the model that is in the Java program applet [2], we have a 

provision to 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: 
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 Academic 
Performance 
In college 

Teaching 
Methods 
In school 

Teaching 
Methods 
In 
college 

Facilities 
In the 
College 

Student 
Behavi-
our 

Aware-
ness 
About 
their 
Career 

Aware-
ness 
About 
their 
Courses 

Extra 
Curri-
cular 
Activities 
 

Techno- 
logical 
Impact 
 

Impact 
of 
Society 

Academic 
Performance 
In college 

_ _ _ _ _ _ _ _ _ _ 

Teaching 
Methods 
In school 

VH _ _ _ H M M H _ _ 

Teaching 
Methods 
In college 

VH _ _ _ M M M M _ _ 

Facilities 
In the 
College 

H _ H _ _ H H H _ _ 

Student 
Behaviour 

H _ _ _ _ M M M _ _ 

Awareness 
About their 
Career 

M _ _ _ _ _ H M _ _ 

Awareness 
About their 
Courses 

M _ _ _ _ H _ _ _ _ 

Extracurricular 
Activities M _ _ _ _ M  _ _ _ _ 

Technological 
Impact 

H _ _ _ H H H M _ _ 

Impact of 
Society L _ _ _ H _ _ _ _ _ 

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 [2].  Here we assume that all the 

factors having positive impact on each other. 

In order to understand how the Java applet works, let us explain it with the following web screenshot of 

the software applet.  
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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, then the other part (popup screen) 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 the applet ‘Effect on factor’ we chose positive, and in the final column ‘Intensity of effect’, we 

chose 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 state (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 chose the second option to run our simulation.  Now we will 

analyze our problem with different set of factor levels. 
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Case I: 

Factor Input value Output value (5 iter.) 

Academic performance in the college 50 70 

Teaching methods in the school 80 80 

Teaching methods in the college 70 70 

Facilities in the college 70 70 

Student behaviour 65 67 

Awareness about their career  60 71 

Awareness about their courses 60 71 

Extracurricular activities 50 71 

Technological Impact 70 70 

Impact of Society 50 50 

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 five iterations 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 above par values (more than 50) for most of the 

factors and the factor Academic performance in the college, which we are analyzing through this 

problem is assumed to take the initial value as 50.  With this input, at the end of 5th iteration we got the 

final value of the factor Academic performance in the college as 70, which shows that under favourable 

conditions that is good teaching methods in both schools and colleges as well as good facilities in the 

colleges and good positive student behaviour leads to an improvement in the academic performance of 

the student in the college. 

Not only that the above process also increases the output values of the factors like Awareness about 

their career, Awareness about their courses and Extracurricular activities.  This shows that good teaching 

methods and good facilities in the college enrich the knowledge of the student about their courses and 

career and also motivate them to participate in Extracurricular activities.  But note that, here we 

assumed none of the factor have a negative impact on other.  In such a situation we may get different 

simulated output values.  Now we analyze some more cases. 
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Factor Case 2 (6 iter.) Case 3(6 iter.) 

Input Output Input Output 

Academic performance in the college 50 60 50 44 

Teaching methods in the school 40 40 40 40 

Teaching methods in the college 40 70 40 30 

Facilities in the college 70 70 30 30 

Student behaviour 65 56 65 49 

Awareness about their career  60 62 60 45 

Awareness about their courses 60 62 60 45 

Extracurricular activities 50 60 50 43 

Technological Impact 70 70 70 70 

Impact of Society 50 50 50 50 

Table 4 

In the above table 4, we deal with two different cases (case 2 and case 3).  The only difference between 

case 2 and case 3 is the initial value of the factor facilities in the college.  In case 2 it is assumed as 70 

that is the facilities in the college is in the above par level but in case 3 it is assumed as 30 which shows 

below par level.  Also that in both the cases the teaching methods in both school and college is assumed 

as 40 which were also below par level.  But in the output column of the case 2 shows that after 6 

iterations the system converges and the final value of the factor Academic performance in the college is 

60 which is slightly better than the initial value 50 but in case 3 it is reduced to 44 from 50.  In the same 

manner the final value of the factor Teaching methods in the college increased from 40 to 70 in case 2 

but decreased to 30 from 40 in case 3. 

This shows that in both the cases the initial value of the factor Facilities in the college plays an important 

role.  Even though, Teaching methods in the college was below par initially in case 2 but because of the 

good facilities in the college leads to an improvement in the Teaching methods in the college and 

subsequently increases the Academic performance in the college.  But that was not in case 3.  Now we 

will see some other cases in which we try different initial values for the four factors (i) Teaching methods 

in the school (ii) Teaching methods in the college (iii) Facilities in the college and (iv) Student behaviour.  

The other six factor values remain same as in case 1.  The reason, we take particularly the above four 

factors to try different cases is that, taking remedial measures (as academicians) in the above four 

factors is easier than the remaining six factors.  Also that, these four factors plays a vital role in the 

Academic performance of the Indian college student as given in the fuzzy relational matrix Rij. 
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S.No Input value Final value Number of 
Iterations Teaching 

methods 
In the school 

Teaching 
methods 

In the college 

Facilities in 
the college 

Student 
behaviour 

Academic 
performance 
In the college 

1 80 70 70 65 70 5 

2 70 70 70 30 67 5 

3 70 40 70 65 67 5 

4 40 70 70 65 60 3 

5 70 70 40 65 56 5 

6 70 70 40 30 56 4 

7 70 40 70 30 67 6 

8 70 40 40 65 55 3 

9 40 70 40 65 48 6 

10 40 70 70 30 60 5 

11 40 40 70 65 60 6 

12 40 40 70 30 60 6 

13 70 40 40 30 55 4 

14 40 70 40 30 48 5 

15 40 40 30 65 44 6 

16 40 40 30 30 44 4 

Table 5 

The above table (table 5) shows only a selected number of cases but originally one can do the simulation 

in many, number of ways.  When we analyze the above results one common thing we found is that the 

facilities in the college plays an important role in the academic performance of the student.  The number 

of iterations represents the time taken to reach the final value of the factor.  Here each iteration, 

represent a unit time period and it depends upon the problem, here we may assume that one iteration 

is equivalent to one academic year because usually academic performance is analyzed at the end of 

each academic year.  So if the number of iterations is less then we can attain the final value of the factor 

(both above and below par value) Academic performance of the student in a less time period.  In the 

same way we analyze the other possible cases also. 

CONCLUSION: 

Finally we conclude that the Teaching methods in the school and the college as well as the facilities in 

the college play a vital role in the academic performance of the Indian college student.  Therefore the 

Indian government and the academic institutions must take necessary steps to strengthen the above 

factors and that leads to a brighter future in the academic performance in the colleges.  At the same 

time we can control the remaining factors also like awareness about the career and the courses by 

concentrating in the above four vital factors. 
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