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Abstract — The main criterion for increasing the
competitiveness of educational institutions in the educational
services market is the high level of training of graduates. In the
context of the competency-based approach used to form a new
model of graduates, their preparation for professional activity is
important. To improve the efficiency of the educational process
and the activities of the modern institution of higher education as
a whole, to achieve quality goals and obtain results for
stakeholders, it is rational to introduce quality management
systems. When forming a model for assessing competencies, it is
necessary to take into account that competencies are cross-
subject in nature, require the use of a variety of assessment tools,
methods and assessment scales. Requirements for the results of
mastering the educational program are presented in the form of a
set of competencies, distributed by type of professional activity
for which graduates are preparing. Therefore, a competency
assessment model using a generalized (integral) indicator is
needed. The analysis of the results of competency formation for
an individual student group revealed the most rational directions
for future professional activity, timely adjustment of the learning
process to increase the success of graduates in the labor market.

Keywords — quality management system, studying outcomes,
competency assessment.

l. INTRODUCTION

The main criterion for increasing the competitiveness of
educational institutions in the educational services market is the
high level of training of graduates [1, 2]. A modern approach
that interprets learning outcomes not in the form of the amount
of learned information, but as the ability of a person to
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adequately act on its base in various situations (including in
situations of uncertainty), is a competency-based approach. It
assumes the presence of a system for the formation of
professional competence of graduates in the university.

Intra-university quality assurance systems are a prerequisite
for the effective operation of a modern institution of higher
education [3]. Currently, the main trend in the field of quality
assurance in higher education is shifting the center of gravity
from external quality control procedures of universities to internal
assessment based on the requirements of international standards
ISO 9000. The results of self-assessment are becoming, on the
one hand, a mechanism for continuous internal improvement of
the quality system, on the other — may be presented to external
reviewers for spot checking. The introduction of a quality
management system (QMS) in a university is a strategic decision
that can help improve its performance and ensure a focus on
sustainable development [4, 5].

The QMS includes actions by which the university sets its goals
and defines processes and resources, manages the interacting
processes and resources required to achieve quality goals and
obtain results for interested parties (Fig. 1). Recommendations on
the application of the requirements of ISO 9001 in the field of
education are established by GOST R 52614.2-2006, which is
fundamental in nature and establishes that the educational
institution should [6, 7]. They determine the processes for
organizing the educational process, conducting intermediate and
final certification of students, manage these processes; constantly
improve these processes and allocate the necessary resources.

Copyright © 2020 The Authors. Published by Atlantis Press SARL.
Thisis an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 478



ATLANTIS
PRESS

Advances in Economics, Business and Management Research, volume 148

University quality management system

= |

Activity } Do

Educational
organization and

Stakeholder Needs and Expectations

design and development of
educational programs
o learning process and its

[

its environment assessment S
o training and competence S

assurance of teaching staff g

~ o service of production X 3

Activity environment Evaluation of the E
planning o final assessment of students results S
g

O

Leadership

Act

Continuous
improvement

<

N

Check %

Fig. 1. Image of the structure of the QMS in the university in accordance with the PDCA cycle.

One of the principles of quality management [8] is a
systematic approach that involves managing a set of
interconnected and interacting elements of an educational
organization to help increase the effectiveness and efficiency
of the organization in achieving its goals in the field of
quality. The process approach provides continuous
management of all departments of the university [9]. At the
same time, the process approach focuses on the process, not
the end result. The principle of customer orientation guides the
contractor in the implementation of his activities to focus on
the needs of consumers of educational services.

One of the elements of self- assessment is the assessment
of the learning outcomes of students [10]. The requirements
for the quality of learning outcomes are presented in the
Federal State Educational Standards of Higher Education
(FSES HE), which are a combination of the general qualities
of the human person, including his professional qualities,
formed through the achievement of competencies. When
assessing the level of mastering competencies, the following
difficulties arise:

e competencies are of an interdisciplinary nature,
therefore, for their assessment, it is necessary to use
various assessment tools using various qualitative and
guantitative scales;

e the wordings of competencies in FSES are general,
imperfect, partially overlap.

In the process of implementing the educational program,
the development of competencies is carried out by various
technologies and training tools. At the same time, emphasis is
placed on independent and scientific research, students'
production practice, which requires the development of
creative qualities, the integrated application of theoretical
knowledge in practice, and independence in the organization
of their activities.

Therefore, there is a need to develop modern assessment
tools that will meet modern requirements for the quality of
graduate training. Using the classical assessment on a five-
point scale will not allow obtaining a reliable description of
the success of graduates in future professional activities.

As an example, the content of the competency PC-3 from
the standard of FSES HE for the training area 27.03.01
Standardization and metrology: “the ability to perform
metrological support and technical control, use modern
methods of measurement, control, testing and quality
management”. The formation of this competency is carried out
in the course of studying various disciplines related to
metrology, the use of modern technical means for control
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operations, and the study of modern methods of controlling
the quality of products, processes, etc.

Therefore, the urgent task is to develop a technology for
assessing the formation of a separate competency [11] and the
competence of the graduate as a whole.

Il. METHODS AND MATERIALS

The demand for graduates is primarily determined by their
willingness to fulfill the tasks of professional activity
corresponding to a certain area of professional activity (APA)
[12].

FSES HE defines the requirements for the results of the
mastering of an educational program (EP) by the types of
professional activity for which graduates are trained [13, 14].
Using the example of bachelor training in the direction
27.03.01 Standardization and metrology, the requirements for
the results of mastering the program (Fig. 2) in the form of
professional competencies grouped by type of professional
activity are considered.

Competency is an integrated characteristic and is formed
sequentially as part of the study of several disciplines and
practices of EP [15, 16].

Moreover, initially, competence is formed at the threshold
level — the student acquires knowledge, then at the advanced
level — acquires skills in using the acquired knowledge, and
finally, at a high level — develops skills for practical
application of theoretical knowledge, acquires experience of
their effective and creative use.
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Fig. 2. Requirements for the results of mastering the undergraduate program
by type of professional activity

Therefore, the competency assessment model is a function
of several variables:

q= 04Xy X ),

where g — assessment of the formation of a single competency;
X1, X2, ..., Xk — factors characterizing the components of the
competency.
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Given the proposed structure of competency, xi; is the
assessment of disciplinary control (students' knowledge of a
number of disciplines necessary for the formation of
competency). x; is an assessment of multidisciplinary control
(the formation of skills to apply knowledge in practice when
students complete case studies, course projects and works, and
individual tasks) when performing all types of practice, the
ability to solve various problems during the graduate design,
apply the basic principles and methods of the natural and
mathematical sciences, and that the assessment of whether the
student is able to effectively and creatively use the provisions
and methods of the various sciences, and find their own
decisions in the professional environment). x; is the
assessment of the personal qualities of the graduate necessary
for effective work individually, as well as a member of a team
on interdisciplinary topics, etc.

To construct a mathematical model of competency
assessment, you can use the polynomial model of the
following form:

q=bx +bx, +..= anbixi ,
i=1

where b; — weighting factor determined by expert methods.

The variables used to assess the level of competency are
measured in various units of measurement (for example, grade
for an exam, test result, rating score, self-assessment of
personal qualities, etc.). To avoid the "dominance" of
variables with a large scale of measurement, it is proposed to
carry out a preliminary normalization of the initial variables.
Regression coefficients in this expression characterize the
contribution of each component to the resulting assessment.

The set of assessments of competencies for each area of
professional activity (APA) can be assessed as the competence
of students in this field. Consequently, the level of
development of competence for each of the APA depends on a
number of factors (competencies) and the insufficient level of
development of any factor ultimately reduces the level of
competence. When solving multicriteria problems of this kind,
various methods of convolution of criteria into one generalized
(integral) indicator are often used.

Methods for constructing a complex criterion are additive
and multiplicative convolutions. Additive convolution is the
sum of individual criteria, which is applied if there is the
possibility of unlimited compensation of the values of some
criteria at the expense of others.

Q= imiqi :
i=1

where ¢; — numerical value of the i indicator; n — number of
individual indicators; m; — corresponding weighting factors.

In cases where the influence of each parameter is
significant, and we cannot ignore the values of at least one
criterion, it is advisable to use a multiplicative convolution,
since the additive convolution is insensitive to the extreme
values of individual criteria.
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Q= _ﬁQimi :
i=1

In the case of applying the multiplicative convolution, if at
least one of the parameters is zero, the entire convolution will
give a zero result. To obtain a comprehensive assessment of
the formation of a set of competencies for a specific APA, it is
most rational to use multiplicative convolution.

I1l. RESULTS

The results of the calculation of competence in the
production and technological (Fig. 3) and research (Fig. 4)
areas of professional activity on the example of a group of
students in the direction of 27.03.01 are presented in the form
of laws of distribution of integral indicators.
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Fig. 3. A histogram of the distribution of assessments of the formation of
competencies in the production and technological areas of professional
activity for a student group
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Fig. 4. The histogram of the distribution of assessments of the formation of
competencies in the research area of professional activity for a student group

An analysis of the distribution diagrams made it possible
to conclude that the distribution laws of these indicators are
close to normal with the parameters: average Qpr-tecn® = 4,03;
standard deviation oprech = 0,52; average Qres® = 4,00;
standard deviation ores =0,50. Testing the hypothesis of
equality of averages at a significance level of 0.05 showed that
the difference in the values of Qprecn®™ and Qre?’ s
insignificant. Consequently, the level of development of
competencies related to various APA is approximately equal.
Graduates are prepared to solve professional problems in
different fields of activity in the same way; they will be able to
be successful at various enterprises and organizations, in
production units and research laboratories.
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The analysis of variance carried out on the results of the
formation of competencies PC-1 — PC-9 showed that the
variances and average values of estimates at the significance
level of 0.05 differ insignificantly; intra-group variability is
much greater than the variability between samples. This
indicates that the variability of assessments of the formation of
competencies within the student group is great.

An analysis of the correlation relationship between Qpr-tech
and Qres has revealed a close direct relationship between the
parameters (the linear correlation coefficient was 0.97).
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Fig. 5. The scatter chart for assessing the formation of competencies in the
production and technological and research APA for the student group

In the scatter chart, sets of points corresponding to
subgroups of students having similar levels of development
are observed. This confirms the hypothesis that the formation
of competencies is carried out at three levels — threshold, high
and advanced. Corrective measures should be developed for
students with a low level of knowledge, skills and possessions,
aimed at improving the quality of the educational process, for
example, by choosing the disciplines of the variable block
(elective disciplines and electives), organizing the work of
scientific creativity clubs, etc.

In order to improve the organization of the learning process,
it is necessary to analyze the cause-effect relationships of the
occurrence of "weaknesses" in the formation of competencies in
order to identify key processes of interaction of the input and
output parameters of the studied competencies. The reasons for
the low level of competency formation can be represented in the
form of Ishikawa diagram (Fig. 6).

To exclude the influence of the identified causes on the
result, it is necessary:

a) to improve the system of ensuring the competence and
awareness of scientific and pedagogical staff;

b) to improve existing and apply modern technologies of
active and interactive learning;

c) to orient the content of training on the strategic direction
of the development of engineering and technology, the needs
of enterprises;

d) to expand the relationship between the university and
potential employers, to involve research and production units
of organizations and enterprises in the process of forming
competencies;

e) to develop methods for continuous improvement and
management of the educational process.
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Fig. 6. Ishikawa diagram for analyzing the reasons for the low level of competency formation
IV. CONCLUSION References

In the context of competence approach used for the
formation of a new model of graduates it is important to
prepare them for professional activity.

To improve the efficiency of the educational process and
the activities of the modern institution of higher education as a
whole, to achieve quality goals and obtain results for
stakeholders, it is rational to introduce quality management
systems.

When forming a model for assessing competencies, it is
necessary to take into account that competencies are inter-
disciplinary in nature, require the use of a variety of
assessment tools, methods and assessment scales.

Requirements for the results of mastering the educational
program are presented in the form of a set of competencies,
distributed by type of professional activity for which graduates
are trained. Therefore, a competency assessment model is
needed using a generalized (integral) indicator.

An analysis of the results of competency formation for an
individual student group revealed the most rational areas of
future professional activity, timely adjustment of the learning
process to increase the success of graduates in the labor
market.
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