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Нечітка логіка останнім часом успішно розвивалася багатьма дослідникам, і було показано, що 
її застосування можуть бути надзвичайно плідними в багатьох напрямках, включаючи різні технічні 
розробки, теорію керування, бізнес, медицину та інше. Здійснювалися також деякі цікаві спроби 
застосувати ідеї нечіткої логіки в області освіти. Стаття обговорює можливий спосіб застосування 
нечіткої логіки в процесі оцінювання знань студентів. 

 
 

In 1965 L.A.Zadeh [12, 13] 
introduced the ideas of so called fuzzy 
logic as a prospective tool in the control 
theory for solving some engineering 
problems that could not be solved with the 
standard mathematics tools because of 
their very complicated nature. This theory 
lets us handle and process information in a 
similar way as the human brain does. 
Fuzzy logic has been successfully 
developed by many researchers and has 
been proven to be extremely productive in 
many applications (see, for example, [1, 3, 
5, 6, 11,], and others). There are also some 
interesting attempts to implement fuzzy 
logic ideas in the field of education [7, 9]. 

As some other researchers (see, for 
example, [9]), we will base our 
consideration on the ideas of Voss [10], 
who developed the argument that learning 
as a specific case of knowledge transfer 
consists of successive problem-solving 
activities, in which the input information is 
represented of existing knowledge with the 
solution occurring when the input is 

appropriately represented. This process 
implements the following states:               
a) representation of the input data,             
b) interpretation of this data,                     
c) generalization of the new knowledge, 
and d) categorization of this knowledge. 
The states a and b could be unified in one 
state of interpretation the new knowledge. 
In the article [9], some interesting fuzzy 
logic applications based on the Voss theory 
have been developed. We will try to imply 
another approach to the assessment of 
students learning. Our approach is visible, 
does not implement on the final stage any 
complicated calculations, and, what is 
important, can be applied to a single 
student assessment and to the class 
assessment as well. Depending on 
evaluation criteria, this approach could be 
used for the comparing or just for 
individual independent assessment. 

While assessing our students’ 
knowledge acquisition we are not 
completely sure about a particular 
numerical grade, which could belong to the 
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two adjacent groups of grades with 
different degrees of membership, which we 
can measure, for instance, in percentages. 
It is also based on commonly used in fuzzy 
logic ideas. This idea could be realized in 
the following diagram 1, describing so 
called membership function, which simply 
assigns to each of the considered element 
its degree of belonging to the 
corresponding sets. Formally, it could be 
described as a function F = {(x, f(x):          
x ∈U}, where U is the universal set of the 
discourse, and the range E(F) of function F 
is [0, 1]. It is a very common approach to 
divide the interval of the specific grades on 
three parts and assign the corresponding 
grade using + and - . For example, 80 – 82 
= B-, 83 – 86 = B, 87 – 89 = B+. On the 
diagram 1 student Z has, lets say, 0.25 or 
25% degree membership in the set 
corresponds to the grade C and, therefore, 
0.75 or 75% degree membership in the set 
B, while student X has the 1.0 degree 
membership in the set corresponds to the 
grade A. It follows from the simple 
geometric considerations that in the 
described cases degrees of membership for 
the same element complement each other 
to 1. It is worthy to note that the same kind 
of simple geometric arguments imply that 
this rules are valid for any boundary 
distributions (for example, 80 - 81 – B - , 
not 80 – 82 as above, and so on). 
Moreover, we do not have to make these 
boundaries even symmetrical. 

 
 
 
 
Based on the ideas above, we can 

consider the following diagram 2 for a 
student knowledge acquisition base on the 
briefly explained above Voss theory [10]. 

 
 

 
 
 
 
  
 
 
 

 
Let student X has achieved 0.5 or 

50% of knowledge acquisition on the stage 
corresponding to the first level of 
knowledge interpretation; 0.75 =75% of 
knowledge acquisition on the stage 
corresponds to the second level of 
knowledge generalization; and only      
0.25 = 25% of knowledge acquisition on 
the stage corresponds to the third level of 
knowledge categorization.  

Diagram 2 defines the membership 
function in the way described above. Using 
fuzzy logic rule “C or D means maximum 
(C, D)” we are coming to diagram 3 
describing student X’s performance in the 
process of learning. 

 
 
 
 

 
 
 
 
 
 

 
 

This diagram itself is able to provide 
us with very useful information regarding 
this specific learning process. Our example 
shows, for instance, that the instructor is 
supposed to think of improving his/her 
material representation style since X was 
able to absorb only 50% of information on 
the first introductory steps.  

Also, due to different reasons, 
including from one side the student’s 
capabilities, and, from another side, 
designed by the instructor the final set of 
activities, the result on the stage of 
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knowledge categorization is also far from 
the desirable. However, there is a 
commonly used in the fuzzy logic 
approach to measure this performance with 
the pair of numbers (xc,yc) as coordinates 
of the center of mass of the represented 
figure F, which we can calculate using the 
following well-known formulas: 

,F F
c c

F F

xdxdy ydxdy
x y

dxdy dxdy
= =
∫∫ ∫∫

∫∫ ∫∫
.(1) 

It is not a problem to calculate such 
numbers using the formulas above, 
however it could take some significant 
amount of time. As any assessment, our 
approach is very approximate. 

So it would be much more useful in 
everyday life to simplify the situation 
substituting our trapezoids by rectangles. 
In this case, diagram 3 modifies to the 
following diagram 4. On this diagram the 
instructor assess that student X has 
achieved y1 (0.5 = 50%) of knowledge 
acquisition on the stage corresponding to 
the first level of knowledge interpretation; 
y2 (0.75 = 75%) of knowledge acquisition 
on the stage corresponds to the second 
level of knowledge generalization; and 
only y3 (0.25 = 25%) of knowledge 
acquisition on the stage corresponds to the 
third level of knowledge categorization. 
Diagram 4 defines the membership 
function in the way described above.  
 

 
 
 
 
 
 
 
 

 
 

In this case, formulas (1) can be 
easily transformed to the following simple 
formulas:  

2 2 2
1 2 3 1 2 3

1 2 3 1 2 3
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(2) 

 
In our specific example, y1 = 0.5, y2 

= 0.75, y3 = 0 .25, and therefore, after 

simple calculations we obtain xc=
4
3

, 

yc= 7
24

. 

In the ideal case, when X has 
successfully absorbed knowledge on all 
three stages, i.e. yi = 1 for all i =1,2,3, 
diagram 4 will look as following: 
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diagram 5  
 

The coordinates of the center of mass 

are 3 1, .
2 2c cx y= =  

So, we can compare the performance 
of different students finding out which 
center of mass is situated closer to this 

ideal point ( 3 1,
2 2

). 

To do that, one can use a simple 
formula of distance between two points on 
the coordinate plane. For example in our 
case this distance r is  

 
2 24 3 7 1( ) ( ) 0.267

3 2 24 2
r = − − − =  

 
Or one can give the radius r of the r-

neighborhood of this ideal point ( 3 1,
2 2

) 

 assess how many students perform 
correspondently to this given number r. 
However, it is more adequate to consider 
two r-neighborhoods: one for each 
coordinate. For instance, for x

and

c, the 
appropriate number rx could be around 
0.25, but for yc the number ry should be no 
more than 0.1. This way we come to a 

F•  (xc,yc) 
1 
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diagram 4 
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Резюме. Нечеткая логика в последнее время успешно развивалась многими исследователям, и 

было показано, что ее применения могут быть чрезвычайно плодотворными во многих направлениях, 
включая различные технические разработки, теорию управления, бизнес, медицину, и прочее. 
Осуществлялись также некоторые интересные попытки применить идеи нечеткой логики в области 
образования. Статья обсуждает возможный способ применения нечеткой логики в процессе 
оценивания знаний студентов. 
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