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ABSTRACT This paper proposes the creation of an intelligent system for assessing the levels of professional
competencies of students in e-learning. Mathematical models and methods for assessing the formation of
professional competencies of students at the level of disciplines, modules and the entire educational program
are built. Algorithms for calculating the assessment of levels of competency in the discipline, module, and
educational program are developed. These estimates can be used in the formation of inference rules for
making decisions on changing the structure and content of disciplines, modules and educational programs.

INDEX TERMS Artificial intelligence, decision support systems, intelligent systems, knowledge based
systems, expert systems, distance learning, electronic learning.

I. INTRODUCTION
It is known that the result of training is an indicator of what the
student should know, understand and/or be able to perform.
Learning outcomes are defined in terms of the level of com-
petency acquired by the learner. Competence is defined as
a dynamic combination of knowledge, understanding, skills,
and abilities. Competencies are formed within the framework
of various units of the program and are evaluated at different
stages of learning.

The competency-based approach raises the problem of
determining the types of competencies and assessing their
levels. Today, many universities independently decide what
the methodology for the formation and the use of funds of
assessment tools should be for the assessment of the level
of formation of their students’ competencies. This gave rise
to various methodologies and evaluation tools which compli-
cated the mobility of teachers and students. Thus, there was a
need to develop a unified technology for assessing the level of
formation of students’ professional competencies at the level
of the structure of disciplines, modules and the educational
program, which can be automated in e-learning [1]–[3].
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To organize and manage the educational process in
e-learning, we suggest using the ‘‘smart-university’’ intelli-
gent system as described in [4]–[8].

For e-learning and the assessment of knowledge on specific
(compulsory and elective) disciplines [9], [10] in a given
educational program; for example, they will be carried out by
using intelligent textbooks [11]–[18], and generated by the
generator of electronic educational publications [18]–[25].

II. FORMALIZATION OF THE PRESENTATION AND
ASSESSMENT OF KNOWLEDGE IN THE EDUCATIONAL
PROGRAM
Currently, methods for presenting and processing a knowl-
edge base in a given subject area through the use of ontology
are rapidly developing. Ontology is understood as a formal-
ized representation of knowledge about the subject area by
using conceptual schemes consisting of concepts (concepts,
classes), functions (interpretations), relations (properties,
connections) and axioms (facts). A specific ontology repre-
sents a knowledge base for a specific subject area. Formally,
an ontology is represented by a set of three components [21]:

O =< C,R,F >, (1)

where:
C− set of concepts;
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R− set of relationships between concepts;
F− set of functions.
As you know, the educational program has three levels:
1 - level of disciplines that may have several sections and

topics;
2 - level of modules, each of which is formed from several

disciplines;
3 - educational program level which consists of several

modules.
Therefore, any competency assessment needs to be carried

out at these three levels.
We can consider each unit at these levels as a separate

subject area andwill build their ontologicalmodels and obtain
knowledge bases of the following corresponding levels: Dji –
at the disciplinary level,M l

k – at the module level, and E – at
the level of the educational program.

M l
k = ∪ki=1 D

l
ki (2)

E = ∪l=1 ∪k=1M l
k , (3)

There l – semester number; k – module number, ki – disci-
pline number in the module k .

Competency for a particular module can be obtained as
the average value obtained from the competency values of the
disciplines included in this module, and competencies at the
level of the educational program can also be obtained from
the average values of the modules. Similarly, it is possible
to calculate certain competencies for different learning paths
within the educational program, which is formed from the
study of various elective disciplines. Therefore, it is very
important to build methods for determining competency at
the level of the disciplines [24], [25].

LetP– be a finite and nonempty set representing the knowl-
edge base of a given discipline; Q– a finite and nonempty
set representing a base of test questions in a given discipline;
T– a finite and non-empty set representing a base of standard
answers to test questions in a given discipline;

f : Q→ T , f (q) = t, q ∈ Q, t ∈ T (4)

a function to generate answers to asked questions; S – a finite
set representing the knowledge base of student answers to
test questions in the given discipline. Then you can define
the following rules to make a decision:

If the set of student responses is the empty set, i.e. S = ∅,
then it is believed that he does not have a single answer to the
test questions;

If the student’s set of answers to the test questions is not
an empty set, but is not contained in the knowledge base of a
given discipline, i.e.

S 6= ∅&S 6⊂ P, (5)

then it is believed that he does not know the material for a
given discipline.

If the student’s set of answers to the test questions is not an
empty set, but completely coincides with the set of standard

answers, i.e.

S 6= ∅&S = T , (6)

then it is believed that he fully knows the material provided
for in the standard answers.

If the ontology generated by the student’s answers to the
test questions is not an empty set, but is strictly contained in
the set of standard answers, i.e.

S 6= ∅&S ⊂ T , (7)

then it is believed that he partially knows the material pro-
vided for in the standard answers.

If the student’s set of answers to the test questions is not an
empty set and is not contained in the set of standard answers,
but is contained in a given discipline, i.e.

S 6= ∅&S 6⊂ T&S ⊆ P, (8)

then it is believed that he knows the material on a given
discipline and that his answers can replenish the base of
standard answers and that the corresponding test questions
can be generated.

Comment: in the case of

S 6= ∅&S 6⊂ T&S ⊆ P (9)

the knowledge base of the standard answers can be replen-
ished with student answers, which means that it is self-
learning.

In order to compare

S ⊆ T (10)

we will use the Bron-Kerbosch algorithm. It is a branch-and-
bound principle to search all cliques (as well as maximum
ones for involving independent sets of vertices) of a nonori-
ented graph. It was developed by Dutch mathematicians Bron
and Kerbosch in 1973 and is currently still one of the most
effective algorithms for searching subsets of vertices, every
two of which are connected to the graph’s edge. In other
words, it is a full sub graph of the primary graph. The algo-
rithm uses the fact that every clique within the graph appears
as its maximum involving the complete sub graph. Starting
from the single vertex (forming the complete sub graph),
the algorithm for each of its steps attempts to expand the
already built complete sub graph by adding vertices from the
candidate’s set into it. The high rate is provided by cutting
out at iterating over options which certainly will not lead to
the clique build-up because the additional set for which it is
used encompasses vertices that have already been used for the
complete sub graph expansion.

The algorithm is operated by three vertex sets of the graph:
compsub set – is a set, containing on each step the full sub-
graph for thementioned step. It is built recursively. candidates
set – is a set of vertices which may increase the compsub. not
set – is a set of vertices which had been already used to expand
the compsub at the algorithm’s previous steps.

The algorithm is a recursive procedure which is applicable
for these three sets.
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Procedure Extend (Compsub, Candidates, Not)
WHILE candidates NOT null AND not NOT contains ver-
tex, CONNECTED WITH ALL vertex from candidates,
DO:
1 Choose vertex v in candidates∪ not (from candidates and
add it to compsub)
2 CREATE new_candidates, new_not (Form
new_candidates and new_not, by deleting it from
candidates and not vertex, not CONNECTED with v)
3 IF new_candidates AND new_not = null
4 THEN compsub∪ {v}, candidates∩ new_candidates (v),
not ∩ new_candidates (v)) (compsub – clique)
5 ELSE candidates: = candidates \ {v} (recursively call
extend (new_candidates, new_not)
6 not := not∪ {v} (Delete v from compsub and candidates,
and put it in not)

Now, by taking the above specific rules for making deci-
sions into account you can determine the assessment of stu-
dent responses to test questions in the form of the following
fuzzy binary relation:

S ⊆ T =
{
s ∈ S, t ∈ T , µS⊆T (< s, t >)

}
, (11)

‘Mark’ 
 where

µS⊆T : S × T →]0, 1[ (12)

fuzzy relation function.
To calculate the elements of a fuzzy relationship (10) set

elements S and T must be specified, which represent the
many individuals of the class, the many properties of the
class, and the many semantic arcs incidental to the class.

Now for a method of assessing the level of knowledge,
as proposed in [24].

Let be

Q = {q1, q2, . . . , qn} (13)

many open (no answer options) test questions,

S = {s1, s2, . . . , sn} (14)

many student answers to test questions,

T = {t1, t2, . . . , tn} (15)

many standard answers generated by only one answer to each
test question from the set Q.
Then the fuzzy binary relation (10) can be represented

using table 2, in which the elements of the set serve as row
names S, and the column names as set elements T . At the
intersection of a line sk and column tl an item is placed:

µS⊆T (< s, t >) , k = 1, ¯̄n; l = 1, ¯̄n. (16)

The total score corresponding to table 2 is calculated by the
formula:

µS⊆T (< s, t >) =

∑n
k
∑n

l µS⊆T (< sk , tl >)
n ∗ n

, (17)

TABLE 1. Definition of a fuzzy binary relation S ⊆ T .

If for each test question from the set Q several reference
answers to the i-th test question are generated (i.e.

T = {t1m1 , t2m2 , . . . , tnmn , } (18)

mi – number of reference answers), then table 2 will be mul-
tidimensional, in which the elements can again be tables and
can have several levels of hierarchy. For each table, regardless
of its hierarchy level, the overall score will be calculated using
a formula similar to formula (17). In this case, the overall
score of the low-level table is the value of the table element
of the nearest upper level.

Thus, we have developed a method for assessing knowl-
edge in a given subject area on the basis of a fuzzy relation-
ship between the student’s sets of answers to test questions
and the sets of standard answers generated by test questions.

Now we will translate the calculated grade into a familiar
grade for everyone by using the GPA grade value:

Mark =



0, if 0 ≤ µS⊆T (< s, t >)
≤ 0.240.5, if 0.25 ≤ µS⊆T (< s, t >)
≤ 0.491, if 0.5 ≤ µS⊆T (< s, t >)
≤ 0.541.33, if 0.55 ≤ µS⊆T (< s, t >)
≤ 0.591.67, if 0.6 ≤ µS⊆T (< s, t >)
≤ 0.642, if 0.65 ≤ µS⊆T (< s, t >)
≤ 0.692.33, if 0.7 ≤ µS⊆T (< s, t >)
≤ 0.742.67, if 0.75 ≤ µS⊆T (< s, t >)
≤ 0.793, if 0.8 ≤ µS⊆T (< s, t >)
≤ 0.843.33, if 0.85 ≤ µS⊆T (< s, t >)
≤ 0.893.67, if 0.9 ≤ µS⊆T (< s, t >)
≤ 0.944, if 0.95≤µS⊆T (< s, t >)≤0.100

(19)

Types of marks and their designation: lecture assessment
- Lec; Practical assessment - Pra; Laboratory Assessment -
Laboratory - Lab; Evaluation Studio - ES; Student’s indepen-
dent work - SIW; Student Independent work with the teacher
- SIWT; Master’s Independent work - MIW; Master’s Inde-
pendent work with the teacher - MIWT; Doctoral student’s
independent work - DIW; Doctoral student’s Independent
work with the teacher - DIWT.

Types of grades Translation of lecture grades into lecture
input. Types of evaluations Practical assessment, Laboratory
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TABLE 2. Translation estimates in percentages, GPA and letters.

FIGURE 1. Membership function Lecture of fuzzy machine.

FIGURE 2. Membership function Practical of fuzzy machine.

assessment, Studio assessment, Seminar assessment are com-
bined into Practical. The rest is transferred to Self_work.

FIGURE 3. Membership function Self_work of fuzzy machine.

FIGURE 4. Rules of fuzzy machine.

FIGURE 5. Output variable Mark of fuzzy machine.

We used the Mamdani method implemented in Matlab to
build fuzzy calculations. The corresponding fuzzy calcula-
tions are shown in Figures 1-7.
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FIGURE 6. Output variable Mark of fuzzy machine.

FIGURE 7. Result of fuzzy machine.

Description of fuzzy calculations in pictures 2-7.
Usually an examination ticket consists of three questions:

1 - a question on lecture materials; 2 - a question on practical
exercises; 3 - the question on independent work. We build
an ontology from the standard answer of the teacher to each
question. Then we build the ontology from the student’s
answer to the same question. Using the method described
above, we compare two ontologies and get the result of
the similarity of the two answers in a percentage ratio in
a metric from 0 to 100. Having received the answers to
three questions from the exam ticket, we transfer them to a
fuzzy machine. As a result, we showed that the assessment
of student performance by using fuzzy calculations is more
acceptable. In addition, fuzzy calculations are an internation-
ally recognized powerful mathematical tool and should be
used everywhere.

III. CONCLUSION AND FURTHER WORKS
In this paper competency (knowledge) assessments were car-
ried out at three levels of the educational program. To assess

knowledge, we used fuzzy binary relations between the
standard answers from the knowledge base and student
answers, which are presented in table 1. Equivalent values
of knowledge assessments in numerical and literal equiv-
alent assessments and percentages are given in table 2.
Fuzzy calculations were carried out on data obtained by
the comparison algorithm. In this work, we used the Mam-
dani method implemented in Matlab for constructing fuzzy
calculations.

The proposed method for assessing the competencies of
disciplines is based on the establishment of fuzzy binary rela-
tions between students’ answers to test questions and stan-
dard answers synthesized from the knowledge base on these
test questions. We calculated the assessment of competencies
for all modules based on the grades obtained on the disci-
plines included in the given modules. As a result, the assess-
ment of competencies for the entire educational program (EP)
is calculated as the average value of all types of competencies
for the EP. This approach to the calculation of competencies
allows us to change the content of not only certain types of
competencies, but also of the entire EP, that is, you can deter-
mine the vulnerabilities of each discipline, each module, each
competency and the EP as a whole. Then, by changing the
structure and content of individual disciplines and the mod-
ule, without changing competencies, it is possible to change
the structure and content of individual competencies without
changing the EP. This allowed us to create a technology for
the formation and assessment of competencies, which can
be used to form a competency assessment of any EP. When
developing the technology for assessing competencies, the
following points were taken into account: disciplines are the
main links in educational activity, and it is precisely the levels
of students’ mastery of the disciplines that are assessed. It is
obvious that by assessing the level of knowledge within the
disciplines that it is ultimately possible to correctly establish
the level of competencies. In such conditions, it is more
convenient to adapt the already gained experience and to
use adapted diagnostic methods within the framework of
the competency-based approach. Within the framework of
the methodological aspects of the automated assessment of
competencies, a knowledge base of test questions of various
types and different levels of complexity will be developed.
In addition, within the technical aspects, researchers will
continue to develop software that implements all stages of the
semantic analysis of texts based on ontological technology
and natural language processing. The results of the study can
be used in the creation of intelligent distance learning systems
and in the assessment of competencies in a natural language.
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