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Abstract
Tracking student’s competencies while undergoing an effective 
learning systems remained a challenging research domain. It is 
often carried out using fuzzy inference techniques in Intelligent 
Tutoring Systems (ITS) because of non-crispy behaviour of 
learner’s progress. Web based ITS are becoming popular these 
days and are used in science and engineering education even in 
emerging countries.
This paper attempts to propose a method of assessing learner’s 
competencies using fuzzy trapezoidal rule. While calculating 
learner’s competencies, learner’s other professional performances 
are being considered besides skill attributes. Developed prototype 
of the ITS shows that the learners can successfully track their 
competencies without the help of others because of the use of the 
automated messaging about their development.
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I. Introduction
Intelligent tutoring System (ITS) is a medium or an integrated, 
compact system for increasing knowledge, facts and analysing 
tutoring problems. We can say that it is a key of all those problems 
involved in all aspect of human learning through computers 
usage. Studies in this field delivered many effective techniques 
that provide a very supportive role for student problem solving. 
Educational technology requires tools like ITS that can model and 
adapt to students behaviour’s skills, mental states and response 
to demands.
Fuzzy logic based techniques have been used as a means of 
developing intelligent features under ITS because these techniques 
have the abilities to model student’s imprecise and uncertain 
activities. ITS often serves as an efficiently adaptive platform 
for achieving appropriate education goals. With this systematic 
platform, a learner can able to recognize its actual needs, the 
contexts in which learning will achieve its cap of success within 
a certain period. It also observed that many of the IT tools are 
switching its stand-alone version to its web enabled existence. 
Actually this web based ITS can response according to students or 
learners request [2] together with supplying distributed resources. 
The learners can learn from this ITS, as the way they want to 
operate. Evaluating or assessing the learner’s performance is very 
important in any learning system and its’ role is massive in case of 
ITS because of the absence of teachers here. Not only the learner, 
the evaluation is also very important to the ITS also for efficiently 
functioning. By evaluating the performance of learners, the ITS 
can also examine their learning methodology [10]. It has been 
seen that the learner has to face difficulty while learning abstract, 
theoretical subjects. So the teachers or ITS system always have 
a tendency to use alternative teaching methods to solve these 
problems on the learning fields. Fuzzy logic [9] has the potential 
to model learner assessment process [4] with an ITS for supporting 
as alternative teaching aid.
This paper attempts to report the design and development of a web 
based ITS where the learners assessment is carried out using one of 

the fuzzy rule namely, trapezoidal rule. The novelty of the proposed 
system is that this web based ITS uses fuzzy trapezoidal rules for 
learner’s assessment through competency analysis consisting of 
technical skill along with other professional attributes.
Rest of the paper is organized as follows. The following section 
II presents the users activity under the proposed system. Section 
III presents the methodology of learners’ competency analysis 
and the proposed algorithm for integrating learner’s performance 
scores using fuzzy trapezoidal rule. Section IV and V ultimately 
present the analysis of the proposed system and conclusion of 
this present study.

II. Users Activity Under the Proposed System

A. Learner Activity on this System
The learner can use specified system links [8] on the home page 
of the website to start their learning activities in a various way. 
Learner can view the simple text format of any learning materials 
without registering themselves. But if they want to see the audio, 
video of any learning materials and willing to give any test on any 
specified subject then they have to register themselves by providing 
their name, address, phone number, age, photo, education details 
etc. The registered learner can also see the latest announcement 
and assignments added by the faculty member. Learner can also 
give the comment on any assignments or any materials also and 
view any private message also by using the ‘private link [8] button. 
They can undergo the MCQ (multiple choice questions) format 
examination on any subject materials. After the examination the 
marks will be shown with percentage format and a comment also 
comes to the learner based on their performance; so that they can 
evaluate themselves very clear way. There is another link called 
‘exercise’ also where they can do some exercise work on any 
subject for gathering the knowledge more thoroughly.

IV. Faculty Members Activity on the System 
Faculty Members have full privilege to control all the included 
and excluded educational materials according to their choice. They 
can upload the audio/video materials, assignments etc. They can 
edit or delete any materials and comment also. In the classroom 
it is not possible to take care of all students individually. But here 
they can check and correct all the answers of their assignments 
individually and give their valuable comments on every individual 
answer scripts. They can set all the questions in the examination, 
which is available in a MCQ format. They have the right to upload 
or give any announcement in a particular position and place those 
in its download link [8].

V. Admin Activity on the System 
Admin can view or operate all the links, all the parts of this website 
in a very efficient way. Basically regular updating is done by the 
‘admin’. Other tasks of this entity are similar to web masters and 
system administrator.

VI. Methodology
‘Fuzzy’ means where the concept is ‘not clearly understood’ [6] 
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[7]. So this concept is to be applied where we have to interpret 
the intermediate values to be defined in conventional evaluation 
like true/false, yes/no, high/low. So fuzzy logic is used where 
we need to take a decision to manage evaluation of uncertain 
[9] data sets.

 

The abstract 
data values set Fuzzification 

Rule Evaluation 

Defuzzyfication 

A form of 
desired data 
output set 

Fig. 1: Fuzzy Logic Architecture

Function of above architecture is as follows:
1. At first the abstract data values set are taken, on which we have 
to evaluate for the decision.

In this step of Fuzzyfication, we have to translate the abstract • 
data values set into the truth values set.
We consider this as input variables.• 
We have to assign the degrees of membership in various • 
classes to these input variables for further process.

2. In this step of rules evaluation,
We have to compute output truth values.• 
This computed truth values are treated as a output truth • 
values.
And finally we have to do summation of those results to • 
generate a set of fuzzy outputs.

3. In the last step of fuzzy logic is defuzzyfication.
Here we have to transfer truth values unto outputs.• 
The fuzzy outputs are combined into discrete values. • 

4. From this defuzzification we can get a set of desired output to 
evaluate the performance of a web learner [6] in a well mannered 
form.
So we can see that with the help of this fuzzy logic we can easily 
draw a crystal clear decision on difficult situations. So this 
methodology, quite analogous to that stated in [1],[12] contains 
mainly 3 steps which are as follows:

A. Fuzzyfication 
Sometimes we may assign a pre-defined fuzzy membership 
functions [8] to the input variables. As a result the data can be 
transformed into more meaningful or accurate observations which 
can be helpful for analyzing of end result/performance further. 
We may assign {m=z → (0,1)} to each subset as a membership 
function. Institution and qualitative observations between input 
variables and output classes build this accurate membership 
functions.

B. Rule Evaluation 
This step is mainly developed by the proper reasoning capability 
of the human being with the help of approximate information 
and uncertainty [1], [10]. This is the main step where rules, facts 

evaluation and conclusions are concurrently related. Here the 
expert knowledge and experience are needed to formulate the 
approximate fuzzy rules for developing the approximate decision. 
In this step the expert has to match the fuzzy facts against the 
fuzzy conditions and according to that they assign a fuzzy set 
over the conditions.
There are many ways to represent fuzzy functions:
a). A fuzzy IF-THEN rule can be quite easier to understand. But 
in a more complex situation or more abstract /uncertain values 
it may not be worked properly. The form of ‘IF-THEN’ Rule is 
as follows:
IF X1= A1, X2= A2, ……, Xn=An 
Then Y= B where Xi as well as Y are linguistic variables and Ai 
and B are linguistic terms [1].
b).  Another way is Fuzzy Associative Memories (FAM). FAM 
dimension can be determined by the number of linguistic [1] terms 
how to assign to each linguistic variables. FAM can be easier in 
case of any complex situation or rather we can say it is easier to 
deal with more abstract values.
In this step, the result of one fuzzy subset has to assign to each 
output variable for conclusion.
The fuzzy operators are almost same as the Boolean operators 
with a little variation. The 3 basic fuzzy operators are:
a) AND (^),
b) OR (v), 
c) NOT (¬)
For the case of summation, we use AND (MIN) operator. These 
operators are applied in the input variables. OR (MAX) operator 
is also to be used between the output variables. 

C. Defuzzyfication 
By aggregation of two or more fuzzy output sets, fuzzy membership 
functions can strongly make a new fuzzy set which can be treated 
as a final result. The expert then converts this fuzzy result (in 
the form of new fuzzy set) into crisp result [1] with the help of 
defuzzyfication process [10].

Generally it can be calculated as: 

where µ(x) is the output fuzzy set which will be formed after the 
aggregation method.

D. Case Study:
We assume here that the performance score varies between 0-100 
for the Computer Science Engineering (CSE) subjects. And the rate 
for those output performance varied between 0-10 (assumed).
There are 4 CSE based subjects which we consider it as input 
variables. The subjects are as follows:

DBMS (say subject 1 or S1)1. 
Programming Languages (S2)2. 
Operating System (S3)3. 
Automata (S4)4. 

In the case of rule evaluation [3], there may be multiple antecedents. 
So for this we use basic fuzzy operators (AND or OR) to obtain 
a single number that can be used for representing the result of 
antecedent evaluation. The consequent (THEN) can be applied 
as a membership function over those results of antecedents. The 
output is the evaluation of performance of students. We labeled as 
CGPA or Cumulative Grade Point Average [3-5]. Following table 
1 presents the grades (linguistic variables for this case) based on 
performance scores.
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Table 1: Grade on Course
No INPUT LINGUISTIC RANGE

1. DBMS

D
C
B
A
E
O

0-40
49-65
66-74
75-80
81-90
91-100

 2 Programming 
Language

D
C
B
A
E
O

0-40
49-65
66-74
75-80
81-90
91-100

3. Operating 
System

D
C
B
A
E
O

0-40
49-65
66-74
75-80
81-90
91-100

4. Automata

D
C
B
A
E
O

0-40
49-65
66-74
75-80
81-90
91-100

Here we assume all the 4 subjects have 3 credits. We assume, for 
O, the range is the upper limit (10) and for the remaining grade 
the range is the lower limit. Following rule 1 present the formula 
for calculating the CGPA based on the credits and performance 
scores.

    ---------------------Rule 1

The following Table 2 presents the linguistics variables for 
student’s performance based upon CGPA range.

Table 2: Linguistic Variables Corresponding to CGPA
No OUTPUT LINGUISTIC RANGE

1. CGPA

Poor
Average
Good
Excellent

0.00-6.99
7.00-7.99
8.00-8.99
9.00-10.00

Following formula is presented below as rule 2 demonstrating 
the fuzzy trapezoidal rule (or trapezoidal membership method) 
inherited from [3] ,[5], [11]

    ------------------Rule 2

where lower limit=a, upper limit=d, lower support limit=b, upper 
support limit=c and the above limits are also defined to abide by 
a<b<c<d following [5].

The following fuzzy results are calculated according to rule 2 
(i.e. Trapezoidal Membership Method), for a learner’s grades (a 
sample test case) given in the following Table 3.

Table 3: Technical Result Analysis Fuzzy Logic in Trapezoidal 
Membership Method

Stds S1 S2 S3 S4 Actual Fuzzy 
Scores

1. O E O O 9.50 Excellent 9.49

2. E E A B 7.25 Average 6.80

3. B B A E 6.75 Poor 6.19

4. C C C D 3.08 Poor 2.693

In this paper, not only learner’s technical skill’s is evaluated, 
but also their competence will be evaluated. That means their 
knowledge, ability; attitude etc will also be analyzed so that the 
learner will be benefitted in every professional sphere of their 
life [7].
1. So for the analysis of competence we take 4 input variables 
which are as follows:

Aptitude Test (AT)• 
Industrial Training (IT)• 
Co-Curricular Activities (Co-C Activities)• 
Knowledge Depth (Over All)• 

2. The output is the evaluation of a learner’s competence. We 
labeled this as the final grade.
The interval for those output variables are between 0-100. And 
the rate of output performance varied between 0-10.

Table 4: Grade on Attribute of Competence
No INPUT LINGUISTIC RANGE

1. Aptitude 
Test

D
C
B
A
E
O

0-40
49-65
66-74
75-80
81-90
91-100

2 Industrial 
Training

D
C
B
A
E
O

0-40
49-65
66-74
75-80
81-90
91-100

3.
Co-
curricular 
Activities

D
C
B
A
E
O

0-40
49-65
66-74
75-80
81-90
91-100

4. Knowledge 
Depth

D
C
B
A
E
O

0-40
49-65
66-74
75-80
81-90
91-100
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Table 5: Competence Analysis Grade
No OUTPUT LINGUISTIC RANGE

1. CGPA

Poor
Average
Good
Excellent

0.00-6.99
7.00-7.99
8.00-8.99
9.00-10.00

Table 6: Calculated Competence Scores using Trapezoid 
Membership Method

Std AT IT Co-C 
Activities

Knowledge
depth Actual Fuzzy

Score
1. O E O O 9.50 Excellent 9.49 (Same)
2. E E A B 7.25 Average 6.80 (Poor)

3. C B A D 4.41 Poor 3.85 (Same)

4. C C C D 3.08 Poor 2.69 (Same)

Here we assume all the 4 attributes has 3 credits. Moreover, 
CGPA is calculated according to Rule 1 and fuzzy scores are to 
be calculated according to Rule 2.

Final Grade: = Technical Skills Result + Competence Analysis 
Result
     ---------Rule 3
Table 7: Final Result Grades
No OUTPUT LINGUISTIC RANGE

1. FINAL 
GRADE

Outstanding
Good
Average
Poor / Need to be 
Improved

10.00-8.5
7.50-8.4
6.00-7.4
0.00-5.99

Table 8: Final Performance With Comments (Competence)

Student Overall Performance
(Competence)

1 Excellent
2 Average
3 Need to be Improved

E. Proposed Algorithm for Student’s Competence 
Analysis Using Fuzzy Trapezoid Rule
Step 1 := Technical Performance Evaluation:
Step 1.1 :=Read all the input variables of technical skills. (i.e.   
 all the 4 subjects)
Step 1.2 := Read the marks of the learner on their respective   
 technical subjects.
Step 1.3 := Calculate the respective ultimate score or CGPA   
 Using Rule 1. Also display comment as follows:
 If 0<= CGPA<=5.59
 “The learner Performance is Poor”.
 Else-If 6.00<=CGPA<=7.59
 “The learner Performance is Average”.
 Else-If 7.60<= CGPA<=7.99
 “The learner Performance is Good”.
 Else “The learner Performance treated as Excellent”.
Step 1.4 := Then display the technical skill result as the fuzzy   
 judgment for the analysis of technical skills    
 using Rule 2.
Step 2 := Competence Analysis Evaluation
Step 2.1 := Calculate the Competence analysis Score    
 Similarly using Step 1.1 to 1.4 (i.e. Aptitude    
 Test, Industrial Training, Co-curricular    

 Activities, Knowledge).
Step 2.2 := Then display the competency result as the fuzzy   
 judgment for the analysis of technical skills    
 using Rule 2.
Step 3 := Final Grade Evaluation
Step 3.1 :=Calculate Final Grade using Rule 3. Also display   
 comment as follows:
 If Final Grade >= 8.5
 “The learner Competence is Outstanding”.
 Else-If 7.5<=Final Grade <=8.40
 “The learner Competence is Good”.
 Else-If 6.00<= Final Grade<=7.40
 “The learner Competence is Average”.
 Else “Competence Need to be Improved”.
Step 3.2 := Then display the final grade as the fuzzy judgment   
 for the analysis of technical skills using    
 Rule 2.
Step 4 := End.

VII. Discussion
So the performance of a learner can be easily evaluated by the 
above process. It is possible to draw more and more accurate 
results by adding the number of rules and consider more variables. 
It becomes quite easy to draw more acceptable result with this 
fuzzy trapezoidal rule since it deals with linguistic and perceptions 
similar to human language. The aggregation of data and number 
of partial truths further aggregated and turns in the form of CGPA. 
With this fuzzy logic the results of learner’s performance is very 
cost effective. So the technique is really recommendable.

VIII. Conclusion
By using this fuzzy logic based technique learner can evaluated 
them very thoroughly. So this web based ITS using fuzzy trapezoidal 
rule based technique can draw a very effective role with a full-
fledged cap of success in every aspect of its definition.
Here not only the numeric marks of the learner are evaluated; but 
also their CGPA is calculated which may help to analyze their 
skills evaluation in a generic and acceptable format. Here the 
Comment is also available based in their performance.  With these 
comments, learners can understood their competence in the field 
of education and may rectify themselves according to that. Here 
the competence of the learner is also analyzed (i.e. means their 
aptitude, attitude, knowledge growth, ability) all these things are 
taken under the consideration.
Overall in this paper web based learning procedure or competence 
analysis through fuzzy logic is described in an efficient manner. 
Though the techniques are still in the process of implementation, 
we can advocate the use of this method in future relevant 
problems.
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