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Abstract. The purpose of this work is to analyze the learning processes at the second (master’s) level of higher education
for the training of specialists in industrial engineering. To achieve the goal, an analysis was carried out and the importance of
applied competencies and learning outcomes in the standard of higher education for obtaining the master’s degree in the specialty
“Information and measurement technologies” was evaluated. The conducted research is based on expert assessments of scientists
of the National Metrological Center of Ukraine and a higher technical education institution in one of the European countries. An
algorithm for group expert assessment of the importance of competencies and learning outcomes has been proposed and
substantiated, and their priority has been established. The most important competencies and learning outcomes that can
significantly influence the quality of education in the specialty “Information and measurement technologies” have been
determined. The identified competencies and learning outcomes with the least impact require attention, as this may indicate their
formal nature. Taking into account the current trends in the development of the industry, provisions of current legislation,
regulatory documents, established terminology in the field of metrology, and information and measurement technologies, experts
proposed changes to the description of some competencies and learning outcomes. The results of the conducted research should be
taken into account during the next revision of the standard of higher education for the preparation of masters in the specialty
“Information and measurement technologies”. At the same time, special attention should be paid to those competencies and
learning outcomes that, according to experts, have the least impact. Research findings can also be useful for universities in
identifying procedures and areas for improvement that will allow for better alignment of curricula, competency acquisition, and
learning outcomes.
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1. Introduction

Quality assurance within the framework of the
European Higher Education Area (EHEA) brings the
system of Ukrainian universities to a high level of
verification, monitoring, and accreditation [1], which pro-
motes mutual recognition and transparency of the offered
levels of higher education. The use of the European Credit
Transfer and Accumulation System (ECTS) allows
students to transfer and accumulate credits in different
universities and countries, which facilitates international
mobility [2]. In 2005, Ukraine began its accession to the
EHEA. During this time, legislative and regulatory
documents were adopted and the necessary institutions
were created. The list of fields of knowledge and
specialties for which higher education students are trained
in Ukraine is currently brought into line with the
International Standard Classification of Education
(ISCED) [3]. National fields of knowledge and specialties
are maximally equated to the international classification
[4]. Currently, the code and name of the specialty 175
“Information and measurement technologies™ is assigned
to the field of knowledge 17 “Electronics, automation, and

electronic communications”. The main unit of the ISCED
classification is Educational Programs (EP), and the
classification of EP itself is carried out according to fields
of knowledge, orientation, and purpose of EP. EP is a
structured set of educational materials, tasks, and content,
which are developed and used in the educational process
to achieve specific educational and educational goals.
Undoubtedly, the level and effectiveness of EP depends
on the goals defined in the curriculum and all other
auxiliary strategic or fundamental processes (mobility,
training, admission, human resources, material resources,
etc.) to the assessment of the competencies acquired by
the student. This allows for measuring the level of
satisfaction of graduates and society.

In Ukraine, great attention is paid to the quality of
higher education. All EPs of universities undergo
accreditation for compliance with higher education
standards, which is carried out by the National Agency for
Quality Assurance of Higher Education (NAQHE). Ukraine
is integrated into the EHEA and continues to implement the
features of European education at the national level. Most
students start with a bachelor’s degree; after which they can
choose to pursue a master’s degree.
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Higher education standards are important to
ensure the quality of education and the possibility of
comparison between different education systems. They
help teachers, students, parents, and education authorities
understand what to expect from a particular level of
education and how to assess student performance. In
Ukraine, the standard of higher education for obtaining a
master’s degree in specialty 152 “Metrology and infor-
mation-measuring technology” [5], which applies to the
specialty 175 “Information-measuring technologies”, has
been adopted and is valid. The standard provides for the
graduate's mastery of integral, general, and special
(professional) competencies and knowledge in the spe-
cialty. Accordingly, trained professionals should be able
to work in all sectors of the economy directly related to
measurement science, such as testing and calibration
laboratories, research centers, and services.

Taking into account the continuation of the pro-
cess of adaptation of Ukraine to the EHEA and
harmonization with ISCED, some provisions of the
higher education standard for obtaining the degree of
higher education “master” in specialty 152 are irrelevant,
need to be updated and brought to modern conditions.
Such research will contribute to the improvement of the
existing standard of higher education, as well as allow
universities to better coordinate curricula, acquisition of
competencies, and final learning outcomes, which deter-
mines the relevance and necessity of conducting special
research in this direction. Also, the research results may
be of interest to employers, as they will allow them to
search for and hire the best students in the desired field
of study. After all, the search can be carried out based on
competencies needed by companies, which is a requi-
rement for the employment of graduates.

2. Disadvantages

Basic scientific publications on improving appro-
aches to the development of professional and commu-
nicative competencies [6-8] offer special tools for
evaluating competencies [9]. The authors investigated
the issue of perception and evaluation of the listener’s
competence [10, 11], the processes of formation of com-
petencies and learning outcomes based on professional
standards and spheres of activity [12, 13], methods of
checking and evaluating the acquired competences of
students of technical specialties related to production
engineering at bachelor’s and master’s levels [14], expert
methods of evaluating OP quality criteria in the field of
measuring technology [15, 16], the importance of
applied competencies and learning outcomes in the
standard of higher education for obtaining the degree of
higher education “bachelor” [17]. At the same time, there
are no scientific publications on the issues of pro-
fessional and communicative competencies for a specific
specialty and subject area, which remains an urgent task.

3. Goal

The purpose of the study is to develop a method
of group expert assessment of the importance of pro-
fessional competencies and learning outcomes for obtai-
ning a master’s degree in the specialty 175 “Information
and measurement technologies”. To achieve the goal, the
following tasks must be solved: analyze the composition
and requirements of professional competences and lear-
ning outcomes at the second (master's) level of higher
education, propose and justify an algorithm for group
expert assessment of the importance of professional
competences and learning outcomes; establish the prio-
rity of professional competences and learning outcomes
based on the conducted assessment.

4. Professional competencies and learning
results for the master’s level of education

According to the provisions of the Law of Ukrai-
ne “On Higher Education”, the formulation of integral
competence for the master’s level of education consists
of “the ability to solve tasks of a research and/or innova-
tive nature in a certain field of professional activity”.
The main goal of obtaining the second (master's) level of
higher education in the specialty “Information and
measurement technologies” is to ensure the training of
human resources with a high level of knowledge and
technological competencies, able to work in various
sectors of metrology, such as national metrology center,
calibration, and testing laboratories, research and
production institutions of related fields of activity. These
professionals must be able to operate in all sectors of the
economy directly related to the science of measurement.

The standard of higher education for obtaining a
master’s degree in the specialty 152 “Metrology and
information-measuring technology” provides for the
acquirer to acquire such integral competence as “the
ability to solve complex specialized tasks and problems in
the field of metrology and information-measuring
technology, which involves carrying out research and/or
implementation of innovations and is characterized by the
uncertainty of conditions and requirements” [5]. A prere-
quisite for obtaining a master's degree is a bachelor's
degree. To obtain the master’s degree, at least 50 % of the
OP volume must be aimed at ensuring general and special
(professional) competencies in the specialty.

Special (professional) competencies that are rele-
vant to a specific subject area and important for
successful professional activity in the specialty “Infor-
mation and measurement technologies” at the master’s
level of education deserve special attention. Also
important are the results of training, which determine the
normative content of training within this specialty and
must be correlated with the defined list of general and
special (professional, subject) competencies.
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information and measurement systems
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computerized information and
measurement systems
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knowledge and understanding of
mathematical principles and methods
necessary for the creation of virtual
means of measurement and information
and measurement equipment
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C11 is choose and apply suitable
mathematical methods, computer
technologies, as well as approaches to
standardization and certification to solve
_tasks in the field of metrology and
information and measurement technology 12 s practical skills in solving complex

tasks and problems of metrology,
information and measurement technology,
standardization in product quality
assessment

C13 is knowledge and understanding
of scientific facts, concepts, theories,
principles and methods of
experimental informatics

" Competences " C14 is apply a systematic approach
\ ' | to solving scientific and technical
\ (maSter S) I tasks of metrology and information
and measuring technology

C15 is the ability to solve complex
professional tasks and problems based
— on understanding the technical aspects
of ensuring product quality control

C16 is the ability to apply the
understanding of metrology as a
science of measurement when
working with technical literature and
other sources of information

C17 is apply a comprehensive approach to

solving experimental tasks using information

and measurement equipment and application
software

Fig. 1. Professional competencies of masters for specialty “Information and measurement technologies”

PRO1 is to know and understand
modern methods of scientific

PR16 is apply modern methods of theoretical and
experimental research to assess the accuracy of
the obtained measurement results, be able to
formulate reasonable conclusions

PR15 is be able to use computerized databases,
"cloud" and Internet technologies, scientific
databases and other relevant sources of
information

PR14 is understand the basics of patent science
and have the skills to protect intellectual property

PR13 is apply hardware and software tools of
modern information technologies to solve
problems in the field of metrology and
information and measurement technology

PR12 is freely present and discuss scientific
results in the national language and English or
one of the languages of the European Union
countries in oral and written forms, as well as
conduct a scientific discussion

PR11 is to understand the methodological and
philosophical aspects of modern science and
their place in the process of scientific research

PR10 is analyze and evaluate the impact of
information and measurement technology and
metrological activities on the environment and

human safety

PRO09 is have skills in organizing and conducting
technical tests of engineering products

research, organization and
planning of an experiment,
computerized methods of
research and processing of
measurement results

PRO02 is to know and understand the basic
concepts of the theory of measurements, to
apply them in practice and in computer
modeling of objects and phenomena

PRO3 is understand the interdisciplinary
connections and specialty contexts

PRO04 is be able to perform the analysis
S of engineering products, processes and

-~ ) systems according to established criteria,
7 choose and apply the most suitable

/ AN analytical, calculation and experimental
/ i \ methods for conducting research,
[ Learni ng \ interpret the results of research
% results ;

\ . / PRO5 is be able to formulate and solve
(master S) / tasks in the field of metrology related to
\ / the procedures of object observation,
\ / measurement, control, diagnosis and
~_ ) forecasting, taking into account the
importance of social constraints (society,
health and safety, environmental
protection, economy, industry, etc.)

PROE6 is be able to develop regulatory and
technical documents and standards of
metrological focus on engineering
products, processes and systems

PRO8 - to have modern
methods and techniques of
design and research, as well
as analysis of the obtained
results

PRO?7 is be able to design and develop
engineering products, processes and systems
of metrological orientation, choose and apply

methods of computerized experimental

research

Fig. 2. Learning results of masters for specialty “Information and measurement technologies”
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The higher education standard establishes a total of
14 professional competencies (Fig. 1), as well as 16 lear-
ning outcomes (Fig. 2) for a master’s degree in the spe-
cialty “Information and measurement technologies” [5].

Algorithms of group expert assessment, applied in
[17, 18], can be used to assess professional competencies
and learning outcomes in the field of information and
measurement technologies. The competence of each
expert involved in the survey plays a significant role in
increasing the accuracy and reliability of such an
assessment. The selection of experts was carried out
taking into account their competence, which is based on
such objective data as a scientific degree in a specialty,
and work experience in the specified field, in particular
in managerial positions. We will assume that the
competence of all involved experts is high, therefore
taking into account their competence will not lead to
significant shifts in the obtained estimates.

The necessary calculations were made using such
basic indicators as the average score for each of the N
professional competencies and learning outcomes, taking
into account the specific assessments of all M experts
who participated in the assessment; the average value of
the expert assessment for all professional competences
and learning outcomes as a simple average value (in
points), as well as the ranking of the obtained values for
each professional competence/learning outcome in the
order of decreasing points received. The weighting
criterion for professional competencies and learning
outcomes is exceeding the obtained average score for all
professional competencies or learning outcomes. The
application of such a criterion made it possible to form a
list of the most important professional competencies and
learning outcomes. For clarity of the obtained results,
their graphic presentation in the form of corresponding
histograms was used.

5. Group expert assessment of professional
competencies and learning results for a master’s
degree

To conduct a group expert assessment of pro-
fessional competencies and learning outcomes at the
second (master’s) level of higher education, 18 experts
were involved: scientific employees of the SE
“UKRMETRTESTSTANDART” (Kyiv, Ukraine) as one
of the largest stakeholders in Ukraine and teachers of the
Gheorghe Asachi Technical University of lasi (lasi,
Romania). In particular, 5 doctors of science and 8 can-
didates of science in the specialty 05.01.02 “Standar-
dization, certification, and metrological support” and
other technical specialties related to information and
measurement technologies took part in the evaluation. A
survey of scientific staff was carried out utilizing a
questionnaire to assess both professional competencies
and training results. The chosen scale for evaluation:
from 1 (least important) to 9 (most important) points.
Processing of the received questionnaire data was carried
out according to the proposed algorithm [17, 18].

Fig. 3 and 4 present assessments of professional
competencies and learning outcomes for the second
(master’s) level of higher education (red dashed line —
medians of the given values of assessment of professio-
nal competencies and learning outcomes, respectively).

The sequence of importance of professional
competencies is as follows: C17, C11, C14, C12, C13,
and the sequence of least important professional
competencies is as follows: C22, C20, C21, C23, C15.

The order of importance of learning outcomes is:
PR16, PR0O2, PR0O1, PR04, PR13, PR15, PR08, and the
order of least important learning outcomes is: PR11,
PR10, PR14, PR12, PRO6.
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Fig. 3. Expert assessments of professional competencies
and learning results for a master’s degree in scores
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Fig. 4 Ranking of professional competencies (a) and learning results (b) for a master’s degree by weight in scores

6. Discussion of the results of the
assessment of professional competencies and
learning results for the master’s degree

In total, 5 (out of 14 — 35 %) professional
competencies and 7 (out of 16 — 43 %) learning
outcomes were identified.

The most important professional competencies
(scores above the average level — 7.26) are the following
(from 8.33 to 7.75 scores) regarding the ability to: apply
a comprehensive approach to solving experimental tasks
using information and measurement equipment and
application software (C17, 8.33 scores); choose and
apply suitable mathematical methods, computer techno-
logies, as well as approaches to standardization and
certification to solve tasks in the field of metrology and
information and measurement technology (C11, 8,08);
apply a systematic approach to solving scientific and
technical tasks of metrology and information and mea-
suring technology (C14, 8.00); practical skills in solving
complex tasks and problems of metrology, information
and measurement technology, standardization in product
quality assessment (C12, 7.92).

According to experts, the least impact on the
quality of education are the professional competencies
(scores below the average level — 7.26) (from 7.25 to
5.00 scores) regarding the ability to: manage projects and
Start-Ups and evaluate their results (C22, 5.00 scores); to
develop software, hardware and metrological support of
computerized information and measurement systems
(C20, 5.75); take into account the requirements for
metrological activity in the field of technical regulation,
due to the need to ensure sustainable development (C21,
6.00); comply with legal and ethical standards on
intellectual property (C23, 7.08).

The identification of deficiencies in some
professional competencies in most cases indicates that
such competencies are formal. Therefore, the specified
competencies (C22, C20, C21, C23) require special
attention during the next revision of the set of compe-
tencies for greater balancing of their system.

The most important learning outcomes (scores
above the average level — 7.5) are as follows (from 8.58
to 7.75 scores): apply modern methods of theoretical and
experimental research to assess the accuracy of the
obtained measurement results, be able to formulate
reasonable conclusions (PR16, 8.58 scores); know and
understand the basic concepts of measurement theory,
apply in practice and in computer modeling of objects
and phenomena (PR02, 8.58); know and understand
modern methods of scientific research, organization and
planning of an experiment, computerized methods of
research and processing of measurement results (PRO1,
8,33); be able to perform analysis of engineering pro-
ducts, processes and systems according to established
criteria, choose and apply the most suitable analytical,
calculation and experimental methods for conducting
research, interpret research results (PR0O4, 7.92); apply
hardware and software tools of modern information
technologies to solve problems in the field of metrology
and information-measuring technology (PR13, 7.92), be
able to use computerized databases, “cloud” and Internet
technologies, scientific databases and other relevant
sources information (PR15, 7.75), to have modern
methods and techniques of design and research, as well
as analysis of the obtained results (PR08, 7.75).

According to experts, the following learning
outcomes (scores below the average level — 7.5) have the
least influence on the quality of education (from 7.5 to
6.08 scores): understanding the methodological and
philosophical aspects of modern science and their place
in the process of scientific research (PR11, 6.08);
analyze and evaluate the impact of information and
measurement technology and metrological activities on
the environment and human safety (PR10, 6,17);
understand the basics of patent science and have the
skills to protect intellectual property (PR14, 6,25); freely
present and discuss scientific results in the national
language and English or one of the languages of the
European Union countries in oral and written forms, as
well as lead a scientific discussion (PR12, 6.58); be able
to develop regulatory and technical documents and
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standards of metrological focus on engineering products,
processes and systems (PR06, 6.92).

The identification of deficiencies in many lear-
ning outcomes in most cases indicates that they are for-
mal. Therefore, the specified learning outcomes (PR11,
PR10, PR14, PR12, PRO06) require special attention
during the next review of their set for greater balancing
of the learning outcomes system.

During the evaluation of professional compe-
tencies and training results, some experts paid attention
to the relevance and clarity of their formulation, as well
as provided their comments and suggestions, which are
shown in Fig. 5 and 6. In total, it is proposed to change
the description of 4 professional competencies (C11,
C12, C16, C19) and 1 learning result (PRO5).

In addition, the experts considered it expedient to
expand the list of available competencies for the mas-
ter’s degree and proposed 3 new professional competen-
cies, shown in Fig. 7.

For specialists in the field of information and
measurement technologies, it is important to have the abi-

lity and skill to standardize the metrological charac-
teristics of measuring instruments (MI) and automated
information and measurement systems (AIMS), to
formulate metrological and other technical requirements
for MI and AIMS, as well as develop methods for their
testing. For a metrology specialist, it is important to
understand the interaction of the main components of the
national and world metrological systems.

During the formation of proposals for changes to
the description of competencies and learning outcomes,
experts took into account modern trends in the deve-
lopment of the industry, provisions of current legislation,
regulatory documents, and established terminology in
the field of metrology and information and measurement
technologies. The proposed changes, as well as the
possibility of supplementing with new (additional) com-
petencies, should be considered and taken into account
during the revision of the standard of higher education
for master's training in the specialty "Information and
measurement technologies".

C11 The ability to choose and a}[)gzlz suitable mathematical methods, information technologies,
as well as approaches to standardization and conformity assessment for solving tasks m the field

of metrology and information and measurement technology

C12 Practical skills n solving complex tasks and problems of metrology. mformation and
measurement technology, standardization when assessing product conformity

C16 The ability to apply the tools of metrology as a science of measurement when working with
technical literature and other sources of information

C19 The ability to develop software. hardware and metrological provision for measuring
instrument and automated information and measurement systems

Fig. 5 Changing the description of professional competencies for a master’s

PROS Be able to formulate and solve tasks in the field of metrology related to the
procedures of object observation, measurement, control, diagnosis and forecasting
taking into account various types of activities (society, health and safety, environmental
protection, economy, industry, etc.)

PR09Y Have the skills to organize and conduct technical tests of engineering products
and systems of metrological orientation

Fig. 6 Changing the description of learning results for the master’s
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Additional competences

The ability to
standardize the
metrological
characteristics of Ml
and AIMS

The ability to formulate
metrological and other
technical requirements
for MI and AIMS, as
well as to develop
methods for their testing

The ability to
understand the
interaction of the main
components of the
National and World
Metrological System

Fig 7 Addition of professional competencies for a master's

7. Conclusions

Based on the results of the research, the compo-
sition and requirements of professional competencies
and learning outcomes at the second (master’s) level of
higher education in the specialty “Information and
measurement technologies” were analyzed. Changes to
the description of competencies and learning outcomes
proposed by the experts, taking into account the current
state of the industry, should be considered and used
when revising the standard of higher education for the
preparation of masters in this specialty.

The method of group expert evaluation was
applied to determine the importance of professional
competencies and learning outcomes using a well-
founded algorithm. Based on the assessment, the priority
of professional competencies and learning outcomes was
established. Universities should pay attention to all
established competencies and learning outcomes. At the
same time, more attention should be paid to those
identified by experts as the most important and those that
can significantly affect the quality of education in the
specialty.

The establishment of less weighty professional
competencies and learning outcomes based on expert
evaluations may indicate their formal nature. During the
next revision of the standard of higher education for
master's training in the specialty “Information and
measurement technologies”, it is necessary to pay special
attention to those competencies and learning outcomes
that have the least impact. The professional competen-
cies proposed by the stakeholder representatives also
need attention. The results of the study can be used by
universities to identify procedures and areas for impro-
vement, which will allow better alignment of curricula,
acquisition of competencies, and final learning outco-
mes.
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