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Abstract: The paper presents the problem of constructing a competence model based on expert data and study
of this model. Proposed to present the formation of competence as a system. System characteristics of a
competence model developed by the authors are identified: competence integrity and discipline significance
Information approach is proposed for getting the numerical characteristics of the competence integrity level
and discipline importance for the competence formation. In the calculation of system characteristics is taken
into account both the direct and indirect impact of disciplines to the competence. The influence of subjects
evaluated by experts and is expressed in weight coefficients. Proposed formalized procedure of competence
integrity level and subject importance assessment is an apparatus that allows you to get the numerical values
of these characteristics. The example of using the developed procedures on a simple competence model is
demonstrated. Approaches described in this article will help to solve the problem of the training process
planning.
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INTRODUCTION With the introduction of a new education system in

At the moment, according to many researchers, the required competencies list, there are a number of issues
training of specialists in any field should be carried out on related to the data competencies assessment.
a new conceptual framework within the competence-based The question of competence and expertise was
approach [1-3]. Competence approach in the HPE is by far developed in England for the first time in 50-60 years of
one of the most relevant ways to build a new education XX century as a response to a specific professional
strategy. Countries whose efforts are aimed at rebuilding sphere order. There are many interpretations of the
the higher education system of the Bologna type [4], competence concept. However, common to all definitions
appeal to competence and expertise as the leading modern is the understanding of it as personality traits, the
criteria of preparedness of high school graduates to potential ability of the individual to cope with a variety of
unstable conditions of work and social life. If the tasks, such as a combination of knowledge, skills and
traditional specialist "qualification" implied functional fit abilities needed to perform a specific professional activity.
between the demands of the workplace and the Thus, the concept of "competence" should be seen
educational objectives and the training was limited to holistically, as a structure which is composed of the
students mastering a more or less standard set of various parts. The question arises: is it possible to teach
knowledge and skills, the 'competence' involves the the competencies? Foreign researchers are not
development of a person the ability to navigate in a categorical, responding to it. Thus, L. Spencer and S.
variety of complex and unpredictable work situations. Spenser [5] considering the competencies formation
Have an idea about the consequences of their activities question in the form of an iceberg model, where
and take responsibility for them. [1] New - competency knowledge and skills that make up the visible part of it
technique of federal state educational standards of higher and the personality traits and motives hidden "under the
professional education FSES HPE development, was sea" because they are very difficult to develop in a
developed within the framework of the Bologna process. learning process. S. Parry [6] distinguishes between

Russia HPE, based on the formation of the students'
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"soft" and "hard" competencies. 'Hard' competence are Formation of the required professional competencies
professionally-specific characteristics (knowledge and
skills), while "soft" - to personality traits, values and
styles. Although he acknowledges that the "soft"
competencies affect the performance of the activities, it
does not include them in the definition of powers,
because, in his opinion, they are unlikely to be developed
in the learning process.

MATERIALS AND METHODS

Internationalization processes and education
globalization that require comparability of national
educational systems and criteria for the quality of
education and vital attention to the problem of assessing
the training quality. It is clear that in assessing the quality
of education there are two aspects: 

Assessment is a control element, providing feedback
on the system. 
In the assessment process identifies the various
requirements (criteria) to be met by education
stakeholders, which is important from a practical
point of view. 

In the last decade and especially after the text
publication: "Modernization strategy of general
education" [7] and "The Concept of Modernization of
Russian Education for the Period up to 2010" [8], in
Russia there is an abrupt reorientation of education result
from the "education" concept evaluation on the
"competence"concept, student's " competence". That is
made at a substantial rate of competence-based approach
in education. At the same time, an analysis of the
literature on this issue shows the complexity, ambiguity
and multi-dimensional interpretations of both the
competence concepts, competence and based on it
approach to the process and outcome of education. 

The movement tendency "from the concept of
qualification to the concept of competence" is a pan-
European and even worldwide. This trend is reflected in
the fact that the enhancement of cognitive and
information principles in the modern workplace is not
"covered" by the traditional concept of professional
qualifications. Concept of competence becomes more
adequate.

Literature analysis, where the problem is sanctified by
the introduction of competence-based approach to the
education system, has shown the need to modernize the
system of training. The main problems in this case are: 

set, contained in the FSES and 2) assessing the
training quality in the form of its competences
measurements.

In the context of the innovative approaches to the
assessment tools design development for quality control
to build skills of college graduates, a number of
researchers [9-10] propose to formulate a methodological
basis of this design and build a general model of
comparative training quality assessment, they are
considered components of competency questions,
problems and their formation and evaluation. The
proposed universal competence evaluation methods
based on the use of different test techniques seem to be
very attractive. However, we should consider a number of
"technical" things that hinder their widespread use in
high school practice. In this paper we propose on the
basis of expert assessments to build a model of
competence. Present this model as a system. Apply
entropy approach to calculate the competence model
system characteristics, which will reflect the influence
degree  of  each  competence  component  on its
formation.

Graph Model of Competence: Let competence is cortege
K=(D,d,R ,Q ), where D , d , disciplines - directly andDK dD

i j

indirectly, respectively, forming competence, R =(r ) -DK
DiK

matrix in which r - reflects the discipline D  degree ofDiK i

influence on the competence of K, Q =(q ) -matrix indD
dj,Di

which q reflects the discipline d  degree of influence ondj,Di j

the discipline D ..i

Cortege K allows you to present competence as a
directed weighted graph G = <X,R> (Fig. 1). 

Where X = {K, D, d} - the set of graph vertices, K -
competence, D - disciplines that directly affect the
competence, d-discipline, indirectly affecting the
competence, R - the set of edges that connect the
discipline with the competence and disciplines with each
other

Graph model of competence contains important and
useful information about what discipline and with what
intensity directly affect each other and directly on
competence. Such a representation of competence,
combined with the use of graph methods provides a
sequence of study subjects and eliminate errors in the
preparation of training plans. 
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The Competence as a System: However, the graph model
does not contain information about how each discipline
will directly affect the accumulation of competence, if it
comes from a few arcs and it affects the competence
through other disciplines. It is obvious that the answer to
this question requires a system approach. The process of
formation of competence can be considered as a system.

An object that performs certain functions in the
system and is not subject to further decomposition in the
framework of this task is called a system element. Input of
the system - those of its constituent parts, which vary in
response  to  changes  in  the external environment.
Output element - its components are those which change
under the influence processes occurring within the
element. In competence formation system elements - it's
discipline and competence, the input element - the skills Fig. 1: Graph model of competence
acquired through previously studied subjects on which  Direct influence 
the discipline is based. Output element - a new set of skills  Indirect influence
acquired after learning of the discipline. 

The state of the system elements will take the rate of where the influence of various elements. You must enter
participation in the disciplines competence formation, a metric that would show the level of influence of each
both directly and through other disciplines, which are also element on the system. Such an effect can be determined
elements of the system. Under the state of the system we using entropy [11,12]. The possibility of using the
will understand the competence formation level. entropy approach is due to the fact that the weighting

The study of any system requires a system model, coefficients of influence on the disciplines competence
which allows to predict its behavior in the defined range formation, are normalized and the sum of their values is 1.
of conditions. Competence model shown in Fig. 1 Thus, these weighting coefficients can be interpreted as
contains a description of the system and displays its the discipline influence probability on the competence
properties. Any system, from which elements they would formation.
be composed and whatever their ultimate purpose,
substantially, systems are transmission and information Propose Two Explicit Dependences:
processing systems. Let the competence formation - is a
transmission and information processing system. If the influence level of all disciplines on competence
Relations between the elements of the system, i.e. is the same, the entropy is maximum. This means that
disciplines we will understand as information links that are the contribution of disciplines in the competence
designed to transfer information. Therefore, to the formation was equivalent, competence filling
competence formation system information systems occurred evenly. In case if any of the disciplines has
analysis methods are applicable. In competence formation not been studied, the influence of other disciplines
system: source of information - the discipline, which may partially compensate this competence.
determines the competence formation(discipline study), If the influence level on competence subjects is not
information receiver - the competence (discipline) that the same, in this case the entropy decreases and the
depends on the subjects studied, an information channel - smaller the entropy, the greater the degree of
discipline connection with expertise or discipline to discipline or what will influence the development of
discipline. competence.

It is necessary to assess the impact of each element
on the competence, considering both direct and indirect However, we are interested in two questions. 1) with
effects. It may be homogeneous (when all the elements of what weight each discipline will affect on competence. 2)
the model are  affecting  competence)  or  not,  in  a   case how this competence is integral, if the disciplines impact
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is not as straightforward as in the above two cases, since If the items are not independent of each other, then
the system is the competence of the disciplines, both
directly and indirectly forming competence, one element
can affect several system components.

Thus, the entropy serves as a measure of competence
formation control. A quantitative measure of disciplines
interaction with each other in the competence formation
system can be considered the intensity of competence, i.e.
amount   of   information   that   puts   the   discipline    in
competence during of its formation period. We introduce
a definition - under a dependent element of the system we
will understand the element that is influenced by other
elements of the system. 

System Characteristics Calculation: Quantitative
measure of the competence integrity level we define by
mutual entropy. Mutual entropy - the value showing how
the disciplines are interconnected and whether the
property of their set have system integrity feature. To
determine the mutual entropy of the system is necessary
to:

Calculate the entropy of each dependent element of
the system.

where p  - probability of element impact on the dependentj

element, k - number of elements on which the considered
element depends.

Calculate the entropies sum of all dependent elements
of competence.

Calculate the entropy of the system as a whole Then
the degree of the elements impact, forming the
competence of the system is given by

p - element influence probability on the competence,j

determined by multiplying all weight coefficients of
weighted graph located on the arcs connecting the base
element (independent of the other elements of the system)
with the competence, m - the number of independent
model elements in the system.

by the property of the entropy [12]

H  = H0

If the elements are dependent on one another, 

H  > H0

Under the mutual entropy we will understand the
value of the mutual influence of system components
(subjects) on the formation of competence.

We denote the mutual entropy

The  larger  the  mutual entropy, the greater the
degree of discipline and interrelated set has the property
of the system integrity. In this case, the characteristics of
the system integrity is essential in order to understand
how the entire package of disciplines defined in the
competence system, is involved in its formation.

To assess the integrity of the system is much more
convenient to use a relative measure of [alfa], as for
systems with different values of H0 mutual comparison is
not informative content:

Thus,  [alfa]  -  characteristic,  showing   how  all of
the  disciplines  involved  in  the  formation of
competence.

It is obvious that 0  1 and the closer the value of
[alfa] is to 1, the more the whole set of disciplines forms
competence.

The degree of importance of each discipline to the
competence formation in general can be estimated as
follows:

Let  - discipline entropy, which can be located in

one of two states:

Discipline affects competence. 
Discipline does not affect the competence.

p (j) - probability of impact (no impact), i-th disciplinei

on competence. Then the value of 
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Fig. 2: Competence model

is the average entropy of the system, provided that the
state of discipline Di is fixed. Difference 

should be considered as an average degree of i-th
discipline influence on the competence formation. This
value represents the average influence degree of the i-th
state of discipline in the competence formation. To assess
the significance level of the i-th discipline to the
competence formation, the coefficient can be used 

And if  ycompetence do not depend on the i-
th discipline and if , the state of discipline is rigidly
attached to competence. The higher the value [betta] to
one, the greater influence of the discipline on the
competence formation. Thus, by using the information
approach, we get significance of the all the disciplines
influence involved in the competence formation. 

Calculation Example: Consider the application of the
procedure for determining the degree of discipline
importance forming competence in the simplest model
(Fig. 2).

This competence consists of the disciplines of D1,
D2, directly forming the competence and discipline d3, d4
- indirectly forming competence. Disciplines influence
measures on the competence formation are represented on
the edges. 

Let  then 

Thus, the competence integrity degree is 31%. I.e.
averaged across all disciplines share options of each
discipline, given its weight is 31%. This suggests that
there is a discipline whose influence is much greater than
that of other disciplines. The value of [alfa] describes the
average for all disciplines involved in disciplines packet
to the competence, but do not allow to assess the
importance  of  each  discipline  for  competence in
general.

In other words, a system that has no elements
integrity, implies the fullest use of the properties of its
parts and is a complete integrity system generally
deprives the elements of their original properties, using
only those properties which are inherent in the system as
a whole and are not contained in its individual elements.

We calculate the importance degree of each
discipline, given all the influence chains.

Disciplines may take 2 states - influence and do not
influence the competence formation. Under the proposed
model (Figure 2), the discipline d3influence probability,
given all of the chain:

,

the probability of not influence

,

Let us find the entropy of each state

Then
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Similar calculations are made for the other disciplines, degree of each system element that allows you to get the
as a result we obtain the importance coefficients of each final discipline influence weighting coefficients for the
discipline for the model. graph competence model. 

We present the obtained coefficients and compare
them with the weights of influence, marked on the arcs of REFERENCES
the graph.

J.M. Spector, 2010. The Education and Training of

DISCUSSION Educational Technology and Society, 13(2): 206-216.

Let us give some explanations, using calculations for Integrating semantic web and technology enhanced
the discipline d . Initially, according to the competence learning approaches for effective knowledge3.

model, we have information  about  the  discipline  that management. Journal of Knowledge Management,
indirectly affect the competence formation through the 12(6): 1-5.
disciplines D1 and D2 and the appropriate measures were 3. Azjmuhamedov, I.M. and I.V. Sibikina, 2011.
known effect on disciplines d3 on D1 - q  and discipline Determining the significance of competence of a31

d3 toD1 -q  = 0,8. specialist on information security. Journal of32

As a result of the entropy approach, this discipline Computer and Information Technologies, 7: 54 - 56.
influence degree on the competence  was 4. About the Bologna Process. Date Views 08.07.2013
calculated.

Therefore, we recalculated the impact of this
discipline on the competence, using data on its indirect
influence on the competence.

CONCLUSION

System characteristic - integrity, let us to determine
the each discipline participation average rate in the
competence formation. In other words, you can determine
how well a given set of disciplines creates competence. 
The system characteristic - the importance of discipline,
will allow to assess the impact of each discipline for the
entire system of competence formation in general, as one
and the same discipline, as noted, may affect the
competence, both directly and through other disciplines.
With the increasing influence of the chains from one
discipline to the other, the importance of discipline will
increase.

In the competence integrity study, the analogy was
drawn between the considered competence system based
on the constructed graph model and large control
systems. In large control systems, which structure is
represented as a graph, to calculate such systems
integrity and the determination of the coefficients of each
element use in the system is used entropy-information
approach. Applying this approach to the competence
model study, it is possible to determine the importance
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