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A conclusion on the need of the reciprocal movement of employers and educators in the process of
formulating specialist competencies was drawn on the base of the analysis of the priorities of the European
Commission. The justification for the principles of the formulation of competencies based on the functions
of the activities that are determined by the employer is proposed. The basic oxonmetric proposals for the
formulation of the functions of the activity have been developed and substantiated. The design, material,
technological, instrumental managerial, business functions were identified. Proposed functions are compared
with the curriculum for training specialists in several areas. The principles of measuring of learning
outcomes based on Dublin descriptors are defined. It was proposed to strengthen the share of the “autonomy
and responsibility” descriptor, the justifications for its formation and measurements are given. For this
descriptor in the formation of all the components of competence, formulated with the functions of the
activity, it is recommended to provide a real practical result. The forms of training, the most rational for the
formation of learning outcomes in accordance with the descriptors of "knowledge", "skills",
"communication", "autonomy and responsibility" are substantiated. A matrix model for the formation of
competencies based on learning outcomes has been developed. A qualimetric approach to the measurement
of learning outcomes is substantiated, on the basis of which the result of training is formed in an explicit
form. A criterion for the formation of competences in the form of the surface of learning outcomes is
proposed. The real level of competence of a specialist is compared with the requirements of the employer.
The possibility of a non-stationary level of learning outcomes was revealed.Comparison of a given and real
competence of a specialist should be made by groups of experts in the conditions of the counter policy of
employers and educational institutions. The proposed approaches are implemented in the preparation of
curricula for a number of specialties.

Keywords: competence, functions of activity, learning outcomes, Dublin descriptors, learning process,
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Pabuuxoe M.JIL, Kypana K. «YHiBepcanbHa MaTpudHa Mojelb (OpMyBaHHS KOMIIETEHTHOCTEH 3
ypaxyBaHHSAM (QYHKLIH JiSUIBHOCTI Ta BUMIPIOBAaHHS pe3yJbTaTiB HaBYaHHS Ha OCHOBI AyOJIHCBKHX
JECKPHUTITOPIB»

Ha ocHoBi anamizy mnpioputeTiB €Bporeiicbkoi Komicii 3poONeHO BHCHOBKHM MpPO HEOOXiAHICTDH
3YCTPIYHOTO PYyXy pOOOTOMABINIB 1 MpAIliBHUKIB OCBITH TpHu (OPMYITIOBaHHI KOMIIETCHTHOCTEH (haXiBIIs.
3anpornoHoBaHO OOTPYHTYBaHHS MPHHLUINB (OPMYJIIOBAHHS KOMIIETEHTHOCTEH Ha OCHOBI (PYyHKIIiH
JisUTBHOCTI, SIKi BU3HA4ae poOoToaasens. Po3pobieHo Ta 00rpyHTOBaHO OCHOBHI OKCOHMETPHYHI MPOMO3UIIIT
st hopMmyoBaHHS (GYHKINIA MISIBHOCTI. BHSABIIGHO TPOEKTYBalbHY, MaTepialibHy, TEXHOJOTIYHY,
IHCTpYMEHTANbHY, MEHEIKepCchKy, Oi3Hec QyHKMil. 3ampornoHoBaHi (yHKHIi 3icTaBieHi 3 HaBYATBHUMHU
IJIaHAMH TTATOTOBKY (axiBIliB 3a KUTbKOMa HampsiMKaMy. BU3HaUeHO TPUHIUITA BUMIiPIOBaHHS Pe3yIbTaTiB
HaBYaHHA, CPOPMOBAHUX HA OCHOBI AyOIIHCHKHX MECKPUIITOPIB. 3aJIEKHO BiA PIBHSA JECKPUIITOPA IO TAKHX
METOJIIB HaBYaHHS MOXHA BiTHECTH ICIIUTH 1 TE€CTH, BiIXHWJICHHSI OTPUMAHUX PE3YJIbTATIB BiJ iJcallbHUX,
CIIBBIAHOINIEHHSAM CAaMOCTIHHOCTI TpW BHUKOHAHHI 3aBIaHb, CKCICPTHUM OIIHIOBAHHAM pPEabHUX
pe3yabTaTiB. 3amporlOHOBAHO MOCHJIMTH IHTOMY Bary JAECKPHIITOpPa «aBTOHOMHICTBH 1 BiIMOBiJalbHICTBHY,
HaBelIeHI OOTpYHTYBaHHS Horo gopMyBaHHS Ta BUMIpIOBaHHS. [ maHoro meckpumropa mpu GopMyBaHHI
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BCIX CKJIAJIOBHX KOMIICTCHTHOCTI, COPMYITHOBAaHUX 3 YpaxyBaHHAM (PYHKITH HiSUTBHOCTI, PpEKOMEHIYEThHCS
nependavaTH peaabHUM MPaKTHYHUK pe3yabTaT. OOrpyHTOBaHO (OPMU IMiArOTOBKH, HAWOLIBII palioHaIbHI
s GopMyBaHHsI pe3yJIbTaTiB HAaBUAHHS BiAMOBITHO IO JECKPUIITOPIB «3HAHHS», «BMiHHS», «KOMYHIKALi1»,
«aBTOHOMHICTh 1 BIIITOBITAIBHICTEY. P03pobieH0 MaTpudHy MOAETb (OpMYBaHHS KOMIICTCHTHOCTEH 3
ypaxyBaHHSM pe3yJbTariB HaB4aHHS. OOIPyHTOBaHO KBAIIMETPUYHHUM MigXiJ A0 BUMIPIOBAaHHS Pe3yJIbTaTiB
HaBYaHHS, HAa OCHOBI SKOTO (DOPMYETHCS IMJICYMOK HaBYAHHS B SIBHOMY BUTJIAII. 3alPOTIOHOBAHO KpHUTEPii
(hopMyBaHHS KOMIIETEHTHOCTEH Y BUTJISAII ITOBEPXHI pe3yiIbTaTiB HaBYaHHA. [IpW MbOMYy pealbHH piBEHB
KOMIIETEHTHOCTe  (axiBusg 3iCTaBIsSETbCS 3 BUMOraMH poOOTONaBIs. BusiBieHa MOXIHMBICTH
HEeCTaIliOHAPHOTO PiBHSI pe3yIbTaTiB HABUAHHA. 3iCTaBICHHS 33JIaHOI i pealbHOT KOMIIETCHTHOCTEH (haXiBIlst
Ma€ BigOyBaTHCsl TpyHaMy EKCIEpTiB B yMOBaxX 3yCTpiuHOi MOJITHKH POOOTOAABLIB Ta 3aKJIadiB OCBITH.
3anponoHoBaHi MiIX0AU peaizoBaHi Ipu GOPMYyBaHHI HABYAIBHUX IJIaHIB PALY CIELiaIbHOCTEH.

Knrouosi cnosa: KOMIIETEHTHOCTI, QYHKINI MISTIBHOCTI, pe3yiabTaTH HaBYaHHS, MyOJIHCHKI
JICCKPHIITOPH, TPOIIeC HAaBYaHHS, aBTOHOMHICTb 1 Bi/ITIOBITaJIbHICTH, YMOBU POOOTO/IABIIIB.

Paouuxoe H.JL, Kypana K. «YHuBepcambHas MaTpUIHAS MO (POPMUPOBAHISI KOMIIETEHTHOCTEH C
ydeToM (QYHKIHUNA JEATSIPHOCTH W W3MEPEHHsI pEe3yJIbTaTOB OOy4YeHHsT Ha OCHOBE JTYyOJUHCKHX
JECKPHUIITOPOBY

Ha ocHoBe ananm3a mnpuopuTeToB EBpomelickoli KOMHUCCHH CIENaH BBIBOJA O HEOOXOIUMOCTH
BCTPEYHOTO NBIDKCHHS padoromareneii 1 pabOTHUKOB 0Opa3oBaHus NMPpH (HOPMYITUPOBKE KOMIIETEHTHOCTEH
cnenuanucTa. I[lpeanoxkeHo 0OOCHOBaHHWE TMPHHIUIOB (OPMYJIUPOBKHA KOMIIETEHTHOCTEH Ha OCHOBE
(YHKIMI JeITeIhbHOCTH, KOTOpPHIE ompeaenseT paboromarenb. Pa3zpaboraHbl U 000CHOBAaHBI OCHOBHBIC
OKCOHMETpPHYECKHE TMpPEUIOKEHHS JUis  (QOpMyITUpoBaHus (QYHKIMHA  JESITEIbHOCTH.  BBISBICHEI
MMPOSKTUPOBOYHAS, MATEPUATbHAS, TEXHOJIOTUYECKAs, HHCTPYMEHTAIIbHAS MEHEKEpCKast, OM3HeC (hyHKITUH.
[Ipennoxennple GYyHKIMHA COTIOCTABICHBI ¢ YI€OHBIMHU TUTAHAMH TOATOTOBKH CTICIIHAIACTOB IO HECKOIBKUM
HampasieHusM. OmpeeneHsl MPUHIUIB U3MEPEHHSI Pe3yabTaToB 00ydeHus], COOPMHUPOBAHHBIX Ha OCHOBE
NyOJIMHCKHUX JECKPUNTOPOB. B 3aBHCUMOCTH OT YpOBHS JCCKPUIITOPA K TAKUM METOJaM OOydYeHUS MOIKHO
OTHECTH JK3aMEHBl HM TECTBHI, OTKJIOHEHHS MOJYYCHHBIX pE3yNbTaTOB OT HICATbHBIX, COOTHOIICHHUEM
CaMOCTOSITEJILbHOCTH TIPY BBITIOJIHEHUW 3aJaHUM, 3KCIEPTHBIM OIICHUBAHUEM pEAIbHBIX PE3yJbTaTOB.
[IpennoxeHo YCHIHWTH yIENbHBI BeC IECKPUIITOpAa «aBTOHOMHOCTh M OTBETCTBEHHOCTBHY», IPHUBEICHBI
o0ocHOBaHUs ero (popmupoBaHus W u3MepeHus. s manHOrO neckpunropa mpu (GOPMUPOBAHUH BCEX
COCTaBJISIONINX KOMIIETEHTHOCTH, C(hOPMYIIMPOBAHHBIX C Y4eTOM (DYHKIMH NEATECIHHOCTH, PEKOMEHYeTCS
MpeayCMaTpuBaTh pealbHBIA MpakTHUeCcKuid pe3ynabTaT. (OO0ocHOBaHBI (OpMBI O0y4YeHUS, HamOoJee
paloHaNbHbEIe i (OPMHUPOBAHUS PE3yIbTATOB OOYUYCHHS B COOTBETCTBUU C JCCKPUIITOPAMH «3HAHUSD,
«YMEHUSI», «KOMMYHHKAIINW», «aBTOHOMHOCTh M OTBETCTBCHHOCTH». Pa3paboTraHa maTpuyHas MOMCITH
dhopMHupOBaHUS KOMIIETEHTHOCTEH € yYeTOM pe3yiabTaToB oO0ydeHus. OOOCHOBaH KBAJIMMETPUUICCKUH
MOJIX0J] K M3MEPEHHUIO PE3yJIbTaTOB 00yUEHUS, HA OCHOBE KOTOPOTro (hOPMHUPYETCS UTOT OOYYCHHUS B SIBHOM
Bune. llpemnoxen kputepuil (popMHpOBaHHS KOMIIETEHTHOCTEH B BHJIE IOBEPXHOCTH pe3yIbTaTOB
oOyuenus. [Ipu 3ToM peanbHBIH YPOBEHh KOMIICTEHTHOCTEH CIICIIMAITUCTA COMOCTABISACTCS C TPEOOBAHUSIMU
paboTtonatens. BelsBiIeHa BO3MOXHOCTh HECTAIIMOHAPHOT'O YPOBHS Pe3yabTaToB 00ydeHHs. ComocTaBieHUe
3aJlaHHOW M peasbHOW KOMIIETEHTHOCTEH CIIeIUalMcTa JOJDKHO TPOBOAMTHCA TPYINIAMHU OSKCIEPTOB B
YCIIOBUSIX BCTPEYHOM NOJUTHKU paboToiareneil W 3aBefeHUi oOpa3oBanus. [IpenoeHHBIE MOIXObI
peann30BaHbl IpH GOPMUPOBAHNY YUEOHBIX IUIAHOB Psijia CIICIHATLHOCTEH.

Kntouegvle cnoea: KOMICTEHTHOCTH, (DYHKIIMU ACATEIBHOCTH, PE3yJbTaThl OOydYeHUS, TyOIMHCKHE
JICCKPHIITOPHI, TIPOIleCC 00yUEHUS, aBBTOHOMHOCTh U OTBETCTBEHHOCTh, YCIIOBUS pa0OOTOIaTEICH.

Problem statement in general

Among the priorities of the European
Commission one of the main is to increase
investment in employment. An integral part of
this process is the training of specialists. The
European Union, within its common market,
seeks to create uniform conditions for its
inhabitants. One of the steps in this direction is
the Updating the International Standard
Classification of Occupations [1], which involves
the unification of fields of activity and

qualifications for performing various jobs. In
particular, they include: "Managers, Professionals,
Technicians and associate professionals, Clerical
support workers, Service and sales workers,
Skilled agricultural, Forestry and fishery workers,
Craft and related trades workers, Plant and
machine occupants, and assemblers, Elementary
occupations" .

Each profession must take into account a
certain set of skills, which in modern pedagogical
science is defined as competences.

© Riabchykov M., Khurana K., 2019
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In the documents of the FEuropean
Commission, the process of the formulation of
competencies is of a bilateral character. The
education sector has begun creating standards
based on a competence-based approach with the
involvement of the Tuning project, Dublin
descriptors etc.

Solving the problems of creating jobs,
employment requires an active counter process
from employers, business representatives. They
should confirm or clarify the appropriateness and
the need to form competences in educational
institutions.

In this paper, an attempt of organizing this
process in order to form real, business-relevant
competencies has been made.

The state of the issue, the allocation of
unresolved parts of the problem.

A number of works are devoted to the
problems of the formation of competences. In this
case, both the competencies themselves and the
process of their formation are described.

The article [2] introduces a dynamic morph
model to measure the dynamics of the formation
of competencies. Morphing is considered as a tool
for smooth transformation of key indicators of
students. For this purpose the materials of journals
and questionnaires are analyzed. The advantage of
this approach consists in the continuous
monitoring of the formation of competencies
based on the morphological analysis of learning
outcomes. In contrast to the existing discrete
methods, the morphing model allows us to trace
the learning outcomes in the process of their
constant measurement and transformation, which,
in the opinion of the authors of the article,
significantly increases the level compared to the
existing monitoring methods. The problem, in our
opinion, is a clear selection of the key support
stages for determining the results of training, as
well as the justification of an adequate
mathematical model of morphing between these
stages.

In article [3], an attempt was made to
justify a model for determining professional
identity using the example of vocational education
in Spain. The structure of specific competences
for each professional profile was determined; the
functions of activity for individual profiles were
described. In this case, the method of expert
evaluation was used. In our opinion, the study did
not sufficiently use the generalization method for
the inductive formation of the most general
functions of an activity to establish a specific
professional identity.

In work [4], attention was drawn to the
main megatrends facing education researchers.
The main requirements of the macro level to
education are described. These include structural
changes in the labor markets, training as an
important aspect of the employer. The
requirements for effective training are grounded.
References are made to certain professional
functions. Unfortunately, this study did not
analyze the actual requirements for learning
outcomes.

The 28th EAEEIE2018 conference [5]
presented the experience of the Portuguese
education system for the accreditation of a
master's degree. It was emphasized that the main
goal is to ensure a high level of quality,
specifically focused on the professional
environment. The structure and organization of a
master's degree is justified by a set of core
professional competencies. It is envisaged that
this structure corresponds and is justified by the
structure of the Dublin descriptors, and the
learning outcomes correspond to the cooperation
of education and industry. It would be useful to
summarize these results for other educational
levels and areas of training.

In [6], an attempt was made to construct an
extrapolation model in which cognitive
achievements based on the measurement of the
first years of schooling can serve as the strongest
predictors for predicting learning outcomes. An
attempt was made to highlight the prognostic
goals of the gradual measurement of learning
outcomes. In our opinion more deep research is
needed in this direction to substantiate
extrapolation during studying various levels of
learning outcomes in the formation of
competencies.

Research [7] describes the development of
criteria for measuring learning outcomes using a
scale of student engagement. Key aspects of
student engagement include (1) academic
involvement, (2) cognitive involvement, (3) social
involvement with peers, (4) social involvement
with teachers and (5) emotional involvement.
Despite the rationale of a multifaceted design with
academic, cognitive, social and emotional aspects,
this model should be considered as auxiliary-
motivational. In our opinion, it does not provide
the main task of the formation of competences,
the results of which are substantiated by Dublin
descriptors [8-9].

In [10], issues of evaluating learning
outcomes in the field of non-formal engineering
education were discussed. The need for a
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multifactorial ~ direct measurement with a
triangulation analysis is emphasized. We believe
that these recommendations can further justify a
multi-dimensional measurement of learning
outcomes based on the dynamics of their
formation.

Learning outcomes in most modern studies
[11-12] are considered as the main driving force
behind the development of education, which
involves the development of new forms of
measurement. It is emphasized in [13] that in any
case, this direction should support reflection and
communication around teaching methods. In
addition, it justifies the mneed to develop
standardized and reasonable means of measuring
higher learning outcomes.

The purpose of the study [14] was to
develop the competences of teachers to meet the
scientific standards of the next generation. It is
studied how teachers perceive engineering and
pedagogical developments within the framework
of the epistemological structure of the required
components of the subject area. The formed
structure is rather generalized. The main value of
the proposed approach is to focus on the future,
justifying the three-year phase for the formation
of future competencies.

Article [15] identifies the conditions that
provide  employee-oriented  training  and

innovation that have contributed to improved
production in small and medium-sized enterprises
in Sweden. The results provide directions for
training specialists who are adapted to the context
of modern production needs.

In [16], an attempt was made to formulate a
real plan for a specific specialty based on the
competence-based approach, taking into account
the real functions of a specialist.

The purpose of this article is to formulate
general approaches to the formation of
competencies based on the functions of the
activity and the measurement of Ilearning
outcomes based on Dublin descriptors, taking into
account the bilateral movement of business and
education requirements.

To form the necessary competencies of a
graduate of an educational institution, it is
necessary to proceed, first of all, from the
demands of consumers. In our case for
educational institutions they are employers. The
possibility of iterative design of educational
content, taking into account the influence of
employers for the light industry, is shown, for
example, in [17]. At the same time, the conditions
of employers act as a kind of competency gauge,
which graduates receive and serve as a source of
feedback for the correction of educational content

(Fig. 1).

Employee

X » training process

Fig.1 The correction by the employer of the training process according to [17]

Despite the fairly high wvalidity of this
approach, we can note the difficulties of its
application. Discussion of the problems of
providing light industry specialists with specialists
at the Light Industry Cluster of the Kharkiv region
of Ukraine showed a number of problems that
arise in the communication of employers and
educational institutions. Each individual employer
can set specific tasks for a specialist. Employers,
as practitioners in some cases find it difficult to
formulate the needs of their production in the
form of competencies. This problem can be
solved by summarizing the needs of employers in
a separate cluster and introducing the wording of

competencies by specialists in the field of
education. The second problem, which was
discussed on the light industry cluster, is related to
requests for reducing the time needed for training
specialists. This request, in addition to the obvious
request for the rapid acquisition of specialists, is
primarily due to the rapid development of
technology, the constant introduction of new
processes and equipment. According to the
employers of the Kharkov light industry cluster,
the turnover of production processes occurs about
once every three years. This is the maximum
period of training a specialist, acceptable for a
modern employer. By the way, this time period

© Riabchykov M., Khurana K., 2019
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corresponds to the term of preparation of bachelor
in many universities in Europe.

Taking into account the latter fact, the time
to provide a tough feedback according to Figure 1
may simply not remain. Probably, the scheme for
managing the process of training specialists in
modern conditions should be adjusted to the
requirements of the competence approach.

Another task that is put by employers to
educational institutions is a significant increase in
practical training, real graduate skills that can be
achieved during practical training in the
conditions of dual training, inter-production and
intercultural communication, which requires,
among other things, practice in international
conditions with taking into account the global
advanced technology. Such practices require
additional linguistic and intercultural
competencies [18].

These conditions put forward as a starting
point for the formation of the learning process
definition of the functions of activity
characteristic of each individual industry. During
studying such functions, a bilateral-integrated
analysis of the production tasks of existing
curricula for various specialties is necessary.

In our opinion, the procedure for the
formation of functions of activity should be begun
with the formulation of the main issues with
which a separate branch of activity meets.

We offer the basic six most common
questions that require an answer in most
industries.

1. What to do?

2. With the help of what to do?

3. How to do (methods)?

4. How to do (order, algorithm)?

5. Who to do with?

6. What the reason to do?

The first question in this formulation is
quite general and can be represented as a

philosophical view of the meaning of life. In our
understanding, this question should be of a
specific nature, and it presupposes an answer
about a specific object, which the specialist will
deal with. When answering a question, an expert
should create an image of what will be created.
This process first must be mental, later - on paper
or electronic media. The result of this process
should be information that is suitable for
implementation in a material form. In most cases,
this process is known as design or pattern making
- the preparation of documents necessary to create
an object that does not yet exist. In this case,
calculations, itemization of the object and its
optimization can be applied.

Analysis of the curricula of various
specialties (table 1.) shows that this component is
in most of them. At the same time, it is possible to
single out preparatory components that form the
theoretical foundations that allow this function to
be performed and the professional ones, which
allow the design process for a particular
profession to be carried out. As can be seen from
table 1 the theoretical foundations of this function
are formed in the study of mathematics,
engineering and computer graphics, special
components on the subjects with the names
“design”, “pattern making”, “project”. As an
example, Table 1 shows the specialty
“Technology of light industry”; the design
function is provided by the subject “Designing of
Clothes” and the specialty “Mechanical
Engineering” —the design function is provided by
the subject “Designing of Machines”.

For the “Design” branch of activity,
drawing, painting, art history can be classified as
basic subjects, providing design function, artistic
design as a general concept, or special artistic
design depending on specialization can be
referred to as special subjects.
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Table 1
Activity functions
Ne Tasks Functions Light industry Mechanical Engineering Design
IlinroroBui Daxosi IlinroroBui Daxosi Higroropui Daxosi
1 What to Design Mathematics, Pattern Mathematics, Machine Drawing, Artistic
do? (pattern engineering making engineering design painting, design
making) and and art history
computer computer
graphics graphics
2 With the | Materials Chemistry Materials Chemistry Materials Color Artistic
help of science of science studies material
what to sewing science
do? products
3 How to Instrume Physics, Equipment Physics, Metal-cutting | Compositio | Fundament
do ntal Applied for sewing Applied machine tools n basics als of image
(method) Mechanics production Mechanics and theory
? equipment
4 |How todo | Technolo Computer The Applied Technology | History and Special
(order, gical Science technology of | Mechanics, of theory of technologie
algorithm) sewing Computer mechanical design s in design,
? products Science engineering computer
technology
in design
5 Who to manageri | Fundamental | Development | Fundamental | Development Manageme
do with? al s of of sewing s of of machine nt in design
economics enterprises economics building
and and enterprises
production production
organization organization
6 | Whatthe | Business Psychology Marketing Psychology Marketing Psychology | Marketing
reason to and and and
do? merchandisin merchandisin brandying
g in the g in the in design
industry industry

The second question of the proposed
system “Using what to do?” Can be
reformulated as “From what to do?” It assumes
the ability of a specialist to select the necessary
source materials so that the object conceived can
be realized in reality. Usually in the existing
curricula, special subjects in this regard are
disciplines with the title "Materials Science".

In the machine building industries, these
can be metal and non-metallic materials, in light
industry - textile materials, in design - materials
used in the performance of artwork. The initial
subjects that provide specialty in the first two
cases should be chemistry, or more advanced
courses, such as physics and chemistry of
polymers. For artistic specialties, such as
design, color science can be added to them,
which in this case largely determines material
properties.

After answering the questions “what” and
“from what” the natural question arises is whether
it can be done at all. In our scheme, the question is
“how to do it?”

In turn, the problem of "how to do" can be
divided into two. The first involves devices,

appliances, tools that will be needed to implement
the proposed project. In the existing curricula for
various specialties, the courses “Equipment for
sewing production”, “Metal-cutting machines”
and others can answer for this question. Providing
these courses involves the study of physics,
theoretical and applied mechanics.

The second part of this question involves
the development of an algorithm, the order of
implementation of the developed idea, the ability
to be provided with technology courses (sewing
technology, engineering technology, special
technologies in design) and, depending on the
specialty, involve the study of computer science,
physics, chemistry, history and design theory.

The question “With whom to do?” is
determined by the peculiarities of social
production, in which the specialist acts as a
leader, organizer. Manager's functions are
reflected in special courses for training specialists
(table 1).

All the above questions may not be realized
without the last question - “What the reason to
do?”’, which determines the possibility of
implementing an idea, project, material

© Riabchykov M., Khurana K., 2019
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embodiment in market conditions. Education of
relevant abilities is implemented in the courses
“Marketing and merchandising in the industry”.
At the same time, besides the above, it is likely to
study courses related to consumer psychology.

The described functions, in our opinion,
describe quite fully and universally the
requirements for specialists, which are mainly put
forward by the employer.

The functions of the activity agreed upon
with the employer are the basis for the
formulation of the competencies that a graduate of
an educational institution should possess.

In accordance with the proposed scheme,
these are competencies in the field of design,
materials  science, equipment, technology,
management, and marketing.

After establishing the list of necessary
competencies, the next problem arises, requiring
coordination between employers and educators on
measuring the level of established competences.
According to the opinion of most specialists in the
field of education, the main means of measuring
competencies should be learning outcomes [11-
12].

We propose to consider learning outcomes
in the context of the accumulation of
competencies and the measurement of their level.
In our opinion, the Dublin descriptors system can
adequately reflect the levels of learning outcomes.

We accept the formulation of descriptors in
the composition:

Knowledge;

Skills;

Communications;

Autonomy and responsibility.

In this case, the first two descriptors are left
almost without comment, the communication
descriptor will be understood as the ability to find

and update information within individual
competencies.

The descriptor autonomy and responsibility
in most cases is understood as the ability to
further improve the specialist. We propose to add
to this the direct meaning of the word
responsibility. This implies a significant increase
in the practical orientation of the educational
process with the mandatory final realization of
learning outcomes.

In this case, the descriptor system
implements the learning outcomes in the form of a
sequential incremental system within each
competence (Table 2).

For example, for component of competence
“design”, the “knowledge” descriptor should
define the basic principles, approaches,
calculations. The “skill” descriptor defines the
ability to visualize calculation ideas. Probably, it
should include the possession of modern
computational graphical tools CAD / CAM /
CAE, the ability to visualize models, the
implementation of drawings and drawings, layout.
The “communication” descriptor implies the
ability to search for information, summarize it,
and readiness to introduce new knowledge. For
the competence in question, this item should
include the ability to search for promising CAD /
CAM / CAE tools, comparing them with existing
ones. The highest level of competence in our
model is achieved in the conditions of using the
“autonomy and responsibility” descriptor. If one
perceives the given descriptor as close as possible
to its meaning, then its strongest implementation
can be a demonstration of a real model that is
supposed to function. Within the boundaries of
competence, “design” we are still talking only
about the reality of the project, which can and
should be modified to reflect the other
components of competence.
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Table 2
Competences and Learning outcomes
Descriptors Knowledge Ability Communication Autonomy and
CkaanoBi Responsibility
Design (pattern Basic principles, Graphic, CAD / CAM | Comparison of modern Real model operates
making) approaches, / CAE use, model and advanced methods
calculations. visualization, layout with traditional CAD /
CAM / CAE
Materials Main properties, Definition of the main Possibility of use of The proposed materials
composition, means characteristics of perspective, in are available, meet the
of obtaining, materials particular requirements of
interaction nanomaterials functionality and
environmental
friendliness
Instrumental Principles of Exploitation of the Promising equipment, The offered facilities
operation of the main technological in particular automatic | are available, meet the
equipment, main equipment and semiautomatic requirements of
characteristics, with digital control functionality and
directions of use environmental
friendliness
Technological Processing modes, Development and Research and The developed
methods of creating control of the implementation of sequence provides
the form, methods of | technological process advanced, promising greater efficiency
connection in the production technological processes compared to the base
one
Managerial Labor psychology, Planning, New types of Relation of the team
basics of labor distribution, analysis organization, in during internship or
protection, labor of time expenditures, particular adaptive probation period
legislation communication management
Business Bases of psychology, Communication, Surveys, marketing Trial samples made as
legal bases of emotional recognition, | search, introduction of a result of training,
business negotiation, innovations realized on the market
presentations
Lectures
Practical and laboratory classes
Organizational forms Training practices
Course project
Graduate project
Control and Estimates on Deviations from the Percentage of Expert evaluation
Measurement examinations and given (normalized) information obtained
tests results independently

In the described conditions, all the proposed
descriptors take the form of explicit learning
outcomes that can be measured and evaluated.

Competence associated with the choice of
materials at the level of "knowledge" should take
into account the basic properties, composition,
methods of production, interaction of materials.
Skills for this component of competence include
defining the basic characteristics of materials. The
“communication”  descriptor determines the
ability to search for materials that are not directly
available, the possibility of using promising
materials, in particular materials with nano
properties.

Considering our interpretation of the
“autonomy and responsibility” descriptor at this
level, it is necessary to be able to prove that these
materials meet the structural, technological

requirements, as well as the requirements of
functionality, efficiency and environmental
friendliness.

The component of competence associated
with the selection and operation of equipment,
tools to ensure the implementation of a given
project at the level of knowledge should take into
account the principles of operation of equipment,
basic characteristics, and directions of use. The
“skill” descriptor within this competence provides
for the ability to operate the main process
equipment. The “communication” descriptor
provides for the ability to find promising
equipment, in particular, automatic and semi-
automatic with digital control. The “autonomy
and responsibility” descriptor should take into
account that the proposed solutions are available;
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meet the requirements of functionality and
environmental friendliness.

The technological component of
competence provides knowledge in the field of
processing modes, methods for creating forms,
methods of connection. Within this competence,
the specialist should be able to develop and
control the technological process. In terms of
communication, it is necessary to study and
implement advanced and promising technological
processes. Responsibility should be expressed in
the fact that the proposed technological sequence
provides greater efficiency compared with the
base.

Organizational competence provides for the
work of a specialist as a manager who must know
the basic provisions of labor legislation, the basics
of labor protection, and labor psychology. Within
this competence it is necessary to be able to
communicate, plan, distribute, and analyze time
and material costs. Using various types of
communication, the specialist should become
familiar with new types of organization, in
particular, with adaptive management.
Responsibility is determined by the attitude of the
team during the internship or practice.

Business competence determines the
feasibility of a product developed and
manufactured. It is based on knowledge of
psychology, the legal foundations of business.
Within this competence, a specialist should be
able to communicate, recognize emotions,
negotiate, and conduct presentations. A
“communication” descriptor within a given
competence  implies  conducting  surveys,

marketing search, and introducing innovations.
The highest form of autonomy and responsibility
within a given competence can be the actual
implementation on the market of test samples
made in the learning process.

As a result, the general model of the
formation of competencies takes the form of a
matrix (Fig. 2). The initial data in this model are
the functions of activity for a profession. They can
be selected from the above considerations or
formulated by specialists. There may be several
such functions; we denote their total number n.
Basic competencies are formed on the base of the
functions of the activity. The number of
competencies should correspond to the number of
functions of the activity.

Competency  descriptors  must  be
formulated. They determine the completeness of
their development. Although Dublin descriptors
are currently used to describe competences, their
number or interpretation may differ in different
cases. Descriptors must match learning outcomes.

As a result, separate elements of the
competence matrix are formed at the intersection
of individual components of competence and
learning outcomes. These items must be
measurable and comparable. The sum of elements
for individual lines indicates the level of relevant
competence, the sum of elements in columns
indicates the level of an individual descriptor
(knowledge, skills, communication, autonomy,
responsibility. The sum of all elements of the
matrix indicates the overall level of competence
of a specialist.

56

© Riabchykov M., Khurana K., 2019



