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PROFESSIONAL TRAINING OF ELECTRONICS ENGINEERS:
APPLYING US EXPERIENCE TO UKRAINIAN
HIGHER EDUCATION INSTITUTIONS

The article discusses the current state of professional training of engineers, in particular, electronics engineers in
Ukrainian higher education institutions (HEIs) and explores best practices from US HEISs. The research outlines the features
of professional training of electronics engineers and recent changes in Ukrainian HEIs. Such challenges for Ukrainian HEIs
as lack of collaboration between higher education and science with industry, R&D cost reduction for HEIs, and downsizing
the research and academic staff, the disparity between the available quality of human capital training and the demanded
are addressed. The study attempts to identify successful practices of US HEIs professional training of engineers in order to

suggest potential improvements in education, research, and innovation for training electronics engineers in Ukraine.
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Introduction. Engineering education within the
Fourth Industrial Revolution is undergoing a series
of significant changes. In recent years, the United
States has taken top positions among the leading
countries in training of engineering professionals. In
addition, there has been a growing amount of applicants
demonstrating interest in educational programs in the
field of engineering, in particular to those that deal with
electrical and electronic engineering. The high demand
for such educational programs has led to the fact that
electrical and electronic engineering programs have
been included in the top ten rating of most sought ones.
More recent evidence shows that only a small part of the
leading countries in the field of engineering education
demonstrated their readiness for the challenges of our
time. Ukraine, in turn, is only just beginning its path
to qualitative changes in the training of specialists in
electronics (Zgurovsky et al., 2018, p. 6-7).

The preliminary study of professional training of
electronics engineers is based on a review of Ukrainian
laws, regulations, concepts, and programs for the
development of higher education. In particular, the laws
of Ukraine On Higher Education (2014), On the Basic
Principles of the Information Society in Ukraine for
2007-2015, Draft National Program of Informatization
(2018); National Strategy for the Development of
Education for 2012-2021; state R&D program -—
Science in Universities for 2008—2012, and the standard
of higher education in electronics (2018).

© Pavlenko Olha, 2020

A number of recent US legal documents i.e. Higher
opportunities Act (2008) and regulations on higher
education issued the US Department of State (2017-
2018), as well as standards and accreditation and
examination bodies like Accreditation Board for
Engineering and Technology, Inc. (ABET), National
Council of Examiners for Engineering and Surveying
condition and shape the current trends of US higher
professional training of electronics engineers in higher
education.

Initial work with regard to provisions of modern
Ukrainian and foreign science, reforms in higher
education and the systematic study of Ukrainian
engineering education was reported in M. Zgurovsky’s
(2006, 2018) works. V. Derykhovska (2016) has
suggested an overview of the challenges of evaluating
higher education institutions (HEI) in international
ratings and compared them. HEIs context is represented
by a number of studies on training specialists in
engineering, in particular, the O. Ignatyuk’s (2010)
study of the theoretical and methodological foundations
of training future engineers in technical universities,
allowed to highlight a number of important aspects
of training engineers, and B. Bystrova’s (2018)
systemized American experience in training specialists
in cybersecurity has demonstrated that US experience
can become a major milestone in professional training of
electronics engineers in Ukraine.

This article aims to analyze the current condition of
professional training of electronics engineers in Ukraine
and the US in order to suggest strategic tasks to revise
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professional training of electronics professionals in
Ukraine using best practices of US HEISs.

Methods. To better examine the problem of
professional training of electronics engineers, the content
analysis of the literature and regulatory documents
was carried out. The data from Carnegie Classification
of Academic Institutions and the US National Centre
for Educational Statistics were analysed to highlight
the characteristics of the US HEIs organization. The
HEIs network and the training quality of electronics
professionals have been investigated using such world
ranking systems of educational institutions as THE
(Times Higher Education World University Ranking),
QS (QS World University Ranking), and ARWU
(Academic Ranking of World Universities).

Professional training of electronics engineers:
Ukrainian context. According to the Unified State
Register of Educational Establishments (Ukraine), there
are 20 higher educationinstitutions carry out professional
training of electronics engineers in accredited specialties
at the Bachelor’s level, 18 out of 20 also offer training at
the Master’s level.

The peculiarities of the professional training of
Ukrainian electronics engineers in HEIs are defined by
the Higher Education Standard of Ukraine in the field
17 Electronics and telecommunications and the specialty
171 Electronics. (2018).

Despite a number of positive changes in the
engineering field, updating the standards and curricula
in engineering, we can still observe a decline in the
professional training of electronics engineers.

A recent review of the literature on this topic suggests
that decline in Ukraine’s competitiveness over the last
five years is directly related to the higher education and
R&D. An analysis of recent studies on this topic reveals
several trends:

e the lack of collaboration between higher education
and science with industry, which according to the report
at the World Economic Forum in Davos (2018) was
rated as the lowest in Europe (Zgurovsky, 2018, p. 6);

 reducing the costs of higher education, science
and, in particular, research into innovative developments
— a negative trend has been observed in the country
since 2005, reaching the level where, according to
V. Sidenko, «it is extremely problematic to maintain
global competitiveness of Ukrainian science», because
these funds are not enough even to provide salaries
to scientists, not to mention the purchase of the latest
equipment, materials, literature, information resources,
etc. (Sidenko, 2018, p. 9);

* reducing the R&D staff in the fields that are
determined to be the most promising in terms of the
development of the latest technologies of the future
and, therefore, ensure Ukraine’s competitiveness at
the global market. According to Razumkov’s Centre
research project on Structural Transformations in
the World Economy: Challenges for Ukraine (2017),
during the years 2011-2016, the most significant
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reductions in research have been applied to such fields as
biochemistry, physiology and molecular biology, general
biology, physics and astronomy, applied physics and
materials science, energy sector, computer science, and
mathematics (Sidenko, 2018, p. 11);

o the gap between the available quality of human
capital training and the demanded one — a trend that
was determined by the results of a study of Ukrainian
scientists — Foresight 2018 (Zgurovsky, 2018, p. 15-17).
Thus, in the context of the Fourth Industrial Revolution,
the quality of human capital is assessed by two indicators:
education and skills (competencies). According to the
Delphi analysis of the human capital education and
human skills indicators of the Foresight 2018 survey, it
was found that the main clusters of Ukrainian economy
have a very low level of staffing, which indicates a
significant gap between the quality of training available
today and the demand for it (Zgurovsky, 2018, p. 15—17);

e absence of structural changes in the system
of training and retraining of specialists — unlike
technological world leaders, where over the last 15 years
there have been significant structural changes in the
training and graduation of qualified personnel in the
field of natural sciences, mathematics, statistics, and
informatics, in Ukraine the share of specialists with
higher education in these areas has declined significantly
(from 3.8% to 2.5%) (Sidenko, 2018, p. 11);

Foresight 2018 study states that the situation has
become even worse: over the past 10 years, admission
to higher education institutions in STEM (Science,
Technology, Engineering, Mathematics) has decreased
by an average of 25%, and thus, the number of graduates
in these areas will decrease as early as 2020. To compare,
the share of graduates in business, public administration
and law in the same period ranged from 33.0% to 37.4%,
while at the world level this indicator was below 20%.
It should be noted that Ukraine’s increasing training in
ICT programs over the years (from 0.5% in 2000 to 2.6%
in 2015) is only a positive trend, as it really shows the
role of Ukraine as an outsourcing contractor (Zgurovsky,
2018);

In other words, according to the present graduation
trends in higher education, in the global context,
Ukraine acts as a provider of engineering specialists
to the market of highly skilled labour, while strategic
advantages in the field of ICT and development of
electronic communications are being preserved by
countries that are apparent leaders in technology. Thus,
it becomes clear that without revision and introduction
of qualitative changes in the structure of training
and retraining of specialists with higher education,
with a focus on priority areas, including electronic
engineering, restoration of competitiveness of Ukraine,
its technological development and decreasing the role
of outsourcing agent in order to take the leading role.
Regarding professional training of electronics engineers,
our further studies demonstrate that the US appear to be
the leader in this field.
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Applying US experience to the professional
training of electronics engineers in Ukraine. In order
to identify the leaders HEIs that are leaders in electronic
engineering programs, we analysed the results of the
comparative study of the world rankings (THE, ARWU,
QS). It revealed that the first 30 positions in Electrical
and Electronic Engineering programs are occupied by
61 educational institutions located in 15 countries of the
world (Pavlenko, 2019, p. 89).

According to O. Pavlenko (2019), among the most
prestigious HEIs for training electronics engineers,
almost a half (29 institutions) are located in the US
and the top positions are taken by the following US
HEIs: Stanford University, Massachusetts Institute of
Technology, Yale, University of California (Berkeley),
University of Illinois (Urbana-Champaign), Georgia
Institute of Technology (p. 89).

It should be noted that in the US higher education
system, undergraduate programs in electronics are
mostly delivered by colleges, and master’s programs
in electronic engineering are concentrated in doctoral
universities, universities, and colleges.

According to the updated Carnegie Classification
of 2018, colleges providing undergraduate programs
are divided into two subtypes according to the field
in which the training programs are offered: 1) with
a focus on the arts and sciences; 2) with a focus on a
variety of industries. Doctoral universities, in turn, are
divided into three types: doctoral universities with very
high research activity; doctoral universities with high
research activity and doctoral/ professional universities
that are characterized by low levels of research activity
(Carnegie Classification, 2018).

In our previous studies, we observed doctoral
universities with a very high scientific activity to be the
most representative among the US HEIs. That is, the
vast majority of HEIs that train electronics engineers
(34 out of 43 or 79.2%) belong by their type to a doctoral
university, and their distinguishing feature, besides
preparing applicants with the highest educational
qualification level, is the high quality of R&D activity
(Pavlenko, 2019, p. 90).

V. Sidenko (2018) argues that one of the important
factors of the technological development of the country
is also the level of innovative activity of enterprises. As
its qualitative indicator is directly related to the volumes
of patenting, it can be argued that it is not only the
level of innovative activity of enterprises, but above all
HEIs, as the US experience shows, are to be engaged in
research and innovation in prioritized areas in the future.
Today, the leaders in patenting are the United States,
the European Union, and Japan. Ukraine has one of
the smallest shares in international patenting processes
(p-12).

Another crucial step is to stimulate Ukrainian HEIs
to align their electronics engineering programs with the
international standards. For instance, most US degrees
in electronics engineering are accredited by ABET,

which ensures and proves their compliance with high-
quality criteria. At present, none of the Ukrainian HEIs
engineering degrees is accredited by the engineering
agencies. Establishing ABET’s quality assurance
standards will make Ukrainian electronics engineering
degrees more competitive and enable increased
employability in the global market.

By exploring the nature of engineering as a subject,
another important recommendation for Ukrainian HEIs
based US practices concerns its teaching and learning.
In reviewing the literature, H. Fry, S. Ketterindge
& S. Marshall (2015) suggest that «the subject of
engineering is very wide-ranging in terms of scale, levels
of abstraction, scientific content etc. and yet there is
there is also a common core in terms of engineers’ skills,
approaches and values» (p. 243).

US doctoral universities manage to sustain a high
quality of R&D activity alongside with lecturing.
Addressing the issue of academic staff that delivers
electronics engineering programs in HEIs, we support
H. Fry, S. Ketterindge & S. Marshall (2015) point of view
that effective engineering lecturer possesses the roles of a
teacher, academic and engineer. The authors question the
idea of the identity of discipline-specific lecturer in the
HEISs, so this allowed us to adapt their vision (Fig. 1) by
demonstrating the overlapping character of the roles of
an effective electronics engineering lecturer. This fusion
of the roles has become commonplace both in Ukrainian
and US HEIs.

teacher

with an active interest in
students’ outcomes-
based learning

with an active interest
in engineering practice

electronics
engineer

with an active interest in
research & scholarship

academic

Figure 1. The roles of an effective electronics
engineering lecturer
Source: Adapted from Fry, Ketterindge & Marshall
(2015)

While Ukrainian HEIs are still taking their first
steps in becoming more autonomous in terms of decision
making, US HEIs has increased the role of university
autonomy through offering a variety of electronics
engineering programs, with high international and
intranational diversity of the programs and engineering
degree courses.

The evidence presented in the international
Assessment of Higher Education Learning Outcomes
research suggests that «it is useful for HEIs to review
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if their educational programmes and curriculum are
effective or not by using the results of learning outcomes»
(AHELO, 2013, p. 64). In 2018, the national campaign to
revise Higher Education Standards of Ukraine stimulated
considerable progress in revising HIEs programs in
the field 17 Electronics and telecommunications and
the specialty 171 Electronics with regard to the direct
evaluation of student performance.

The idea of outcomes-oriented programs reviews
is supported by H. Coates (2014), who reports on
significant progress has been made in specifying sector
or institutional learning outcomes and measuring their
achievement in the United States. A group of researchers
O. Zlatkin-Troitschanskaia, R. J. Shavelson & C. Kuhn
(2015) write that «such assessment calls for elaborate
assessment methods». However, a full discussion lies
beyond the scope of this study.

We need to address US HEIs best practices in order to
improve the quality of professional training of electronics
engineers in Ukraine through a number of regulatory
changes and multidimensional nature of engineering
training. US HEIs best practices highlight the need
for a comprehensive study of professional training
of electronics engineers and actively incorporating
outcome-based approaches to the training of electronics
engineers with a high degree of interdisciplinarity. In
addition, the need for a quick response to changes in the
nature and structure of labour determines the number
of key strategic tasks for training Ukrainian electronics
engineers in the coming years.

Conclustions. Ukraine needs to take a number of
important steps to reach the level of technologically
advanced countries, and many of these are related to
changes in higher education that serve priority areas
of the future. This greatly applies to implementing US
HEIs best practices in professional training of electronics
engineers in Ukraine. The increase in funding for higher
education, science, research and innovation along with
performance-based professional training of electronics
engineers will prioritise the education and innovation
policies at the national educational.

Recent reforms have led to Ukrainian HEIs autonomy,
which puts a lot of responsibility on universities granting
degreesin electronics engineering. Namely, with regard to
professional training of electronics engineers, this means
establishing stronger cooperation between Ukrainian
HEIs and the industrial sector, structural changes in
the system of training and retraining of specialists,
facilitating the participation of educational institutions
in international patenting processes etc. In particular, in
terms of revising the national professional standards and
university electronics engineering programs, analysis of
the high-tech labour market and analytical forecasting
of the prospects for the development of individual sectors
of industry and adjusting the set of specialties for which
the training of specialists is carried out.

Further work needs to be done to investigate US
experience in assessing higher education learning
outcomes and its potential for Ukrainian HEIs granting
degrees in electronics engineering.
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MMPO®ECIMHA IIJITOTOBKA IH)KEHEPIB-EJIEKTPOHIKIB:
3ACTOCYBAHHS JIOCBIJLY CIIIA B 3AKJIAJAX BUII[OI OCBITU YKPATHU

[TaBmenko Ombra, cTapinii BUKJIAIaY,
Hamionanpuuii TeXxHiYHUN YHIBEpCUTET YKpaiHu
«KuiBcpknii momiTexHiyaui iHCTUTYT iMeHi [rops CikopchbKoro»,
npocrr. [Tepemoru 37, 03056 Kuis, Ykpaina,
pavlenko.olga.v@gmail.com

3anyuenmns MidcHapoonozo 00¢eidy 6 2any3i nidz0mosKu iHIceHePis € HALOLILUL CKAAOHUM 3A80AHHAM OIS YKPATHCOKUX
3BO. Xoua saxciugicmsv eueuUeHHSI NEePed08020 MIHCHAPOOHO20 DOCEI0Y 3a2albHOBUSHARA, JuMe 0esiKi 00CIIONEHHS
HAMAZATUCS NPOAHATIZYBATU NPOYeCiiiny Nid2omoeKy (axieuic 3 eeKMPOHIKU 8 HAUTOHATLHOMY MA MINCHAPOOHOMY
xonwmexcmi. Hawe docrioncenns ceiduumn npo me, wo ykpaincokum 3BO neobxiono nepezismymu i 3anposadumu
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SKICHI 3MINHUL 6 CIMPYKMYPI Ni020MOBKU i nepeniozomosku (paxisyie 3 erexmponiKu 6 chepi Ui 0CEIMU 3 AKUEHMOM Ha
npiopumemmi HAULOHALLHI HANPAMU OCHIONCEHb | GIOHOBUMU KOHKYPEHMOCNPOMONCHICIG YKpainu, ii mexnoniozivnui
DO3BUMOK, A MAK0NHC GI0IAMU 610 PO Azerma 3 aymcopcuizy i 63smu na cebde nposiony powv 6 yitl zanysi. I[o cmocyemuvcs
npogeciinoi nidzomosku (axisuis 3 erexmponixu, nausi docaioxcenns noxasauu, wo CIIA € nidepom 6 yiil oonacmi. Y
docnioxcenni susasieno ycniwmi npaxmuxy npogeciinoi niozcomosxu inxcenepis y CIIA ¢ 2anysi ocgimu, 0ocaioxcen
ma innosauitl Ons nidzomosKku Qaxieyie 3 erekmponixu 6 Yxpaini. 3aumaiouu iioupyioui nosuyii 6 maxux céimosux
petimunzax, sx THE, ARWU, QS, 3BO CIIIA ¢ gsipuem 015 6npo8adxcenis ynisepcumemcvkoi agmonoMii, npononyiouu
PIBHOMAHIMHI Pe3yabmamo-opieHmosani npozpamu 3 eieKmpoHiKu 3 BUCOKUM PIZHOMAHIMHICMIO MAKUX Npozpam
K ycepeouni Kpainu, max i na mixcnapoonomy pieni. Ompumarni oani ceiduamv npo me, wo yxpaincvki 3BO ece we
nompetyoms HOPMAMUCHUX 3MiN i 6nPOBadicenis 6azamoniano8ozo mexniunozo nasuanis. Ipynmyrouuco na doceioi
amepuxancvkux 3BO, yxpaincoka suua oceima nompebye 6cebiunozo nepezisidy npogecitinoi nideomosxu paxieuis 3
ENEKMPOHIKU 3 AKUEHIMOM HA PE3YTbMamo-opicHmosany nioeomoexy. Kpim mozo, kmouosumu 3a60annuamu niozomosxu
YKPATHCOKUX (Paxicuis 3 eAeKmponiKi 6 HauOIuNCUl POKU € 86e0enis OLIbUL BUCOKO20 CTNYNEHS MINCOUCUUNITHAPHOCTI T
HeoOXIONicmb WeUOK020 Peazysaniis Ha 3MinU 6 nPupoodi i CMPYKmMypi 0ceimu, HayKu ma inHoeayii.

Kmouoegicnosa: suwa oceima 6 CIIA; 3axnad suwoi oceimu; indicenep-eiexmponix; inicenepna oceima; npogecitina
nidzomosKka; YKpaincvKka 6uuLa oceima.

ITPO®ECCUOHAJIBHASA TIOATOTOBKA NHKEHEPOB-9JIEKTPOHUKOB:
HNCIIOJb30OBAHMUE OIIBITA CIITA B BBICHINX YYEBHbBIX SABEJAEHUAX Y KPANHDI

[TaBnenko Oubra, cTapIIvii TpernoaBaTeb,
HarmonanbHbBIN TeXHUYECKU yHUBEPCUTET YKPAUHbI
«Kuesckuit mosmrexunuecknit uHCTUTYT UMeHn Vropst Cukopckoroy,
npocir. Io6exnsl, 37, 03056 Kues, Ykpauna,
pavlenko.olga.v@gmail.com

IIpuereuenue mexcoynapoonozo onvima 6 064ACMU TNO020MOBKU UHICEHEPOS SABNACCS HAUbOONee CLONCHOU
3adaveil Ons ykpaunckux 6y306. Xoms 6aiCHOCMb USYUEHUSL NEPEO0B8020 MENCOYHAPOOH0Z0 ONbIMA 00WenPUSHANA,
JUUD  HEMHOZUE UCCIe008AHUS NOIMAIUCY  NPOAHAIUSUPOBATND NPODECCUOHANLHYIO TNO020MOBKY — UNHICEHEPOs-
ANEKMPOHUUKOB 8 HAUUOHATLHOM U MeNCOYHapooHom xonmexcme. Hawe uccredosanue ceudemenvcmeayem o mom, 4mo
YKPAUHCKUM 8Y3aM HeOOX00UMO NePeCMOMPemy U HeOPUMb KAUECTNECHHbIE USMEHEHUS 6 CMPYKMYpe No020MmosK
U nepenodzomosKU CNeYyUaIUCMo8 no SIeKMPoHUKe 6 cepe 8viculezo 00PA308AHUS C AKUECHMOM HA NPUOPUMEMHbLE
HAUUOHALLHDLC HANPAGICHUS U 60CCTNAHOGUMND KOHKYPEHIMOCNOCOOHOCMb YKDAUHDL, e MeXHOLI02UUECKOe PA3BUMUEe, 4
makice yumu om pouu azewma no aymcopcunzy u 63smo Ha cebs 6edyuyio poib 6 smoil ompaciu. Imo xacaemcs
npPopeccuonanvroll no020MmMoBKU UHICEHEPOB-IIeKMPOHUUKO8, HaWU ucciedosanus nokasamu, umo CIIA sersiomcs
Audepom 6 3moii obracmu. B ucciedosanuiu 6ois6ienvL Yycneubie nPaxmuki npodeccuonaibioll no020mosKu UniceHepos
6 CIIIA 6 o6aracmu 06pasoeanust, UCCACO08ANULL U UNHOBAUUL OJLst N0020MOBKU UHNCEHEPOB-INCKMPOHUUKOE 8 YKpauHe.
Sanumasn moupyrowue nosuyul 6 maxux muposvix peiumunzax, kax THE, ARWU, QS, sysvt CIIIA ciyacam obpasuom
0t 6HeOpeNUs YHUBEPCUMEMCKOL AGMOHOMUL U NPeOaazalom PA3HOOOPA3HbIE OPUCHMUPOBAHIHDIC HA PE3YIbMAmbl
NPOZPAMMBL 1O ANEKMPOHUKE C BLICOKUM PASHOOOPAIUEM NPOZPAMM KAK SHYMPU CMPAHLL, MAK U HA MENCOYHAPOOHOM
ypoene. [lonyuenivle danivle cGUOCMETbCMBYIONM 0 TMOM, UMO YKPAUHCKUE 8Y3blL 6CE CU4E HYNCOAIOMCS 8 HOPMAMUBCHBIX
USMEHEHUSIX U BHEOPEHUU MHOZONILAHOB020 MeXHUUecK020 00yyenust. OCHOBLIBASICH HA ONbIME AMEPUKAHCKUX 8Y308,
YKpaunckoe evicuiee 00pA306aAHUC HYNCOAEMCS 60 GCECTOPOHHEM NePecMompe npopeccuonaivbiol nooz0mosx
UMIICEHEPOB-ITEKMPOHUUKOB C AKUEHTNOM HA PE3YIbMmamo-0pUueHmuposanyio nodzomoexy. Kpome mozo, xioueeoimu
sadauamu no020MOBKU YKPAUHCKUX UHICCHEPOB-INCKMPOHUUKOE 6 Oaudcatiwue 20060 AGASI0OMCs 66edenue boee
BbICOKOU cenenu MeCOUCUUNTUHAPHOCTU U HEOOX00UMOCIL ObICMPO20 PeazUPOBAHUS HA USMEHEHUS. 8 NPUPOOe U
cmpyxmype 06pasoeanust, HayKu U UHHOBAUULL.

Knioueevte cnosa: umdcenep-siekmponux, uncenepnoe  obpasosanue, svicwee  yuebnoe 3asedenue,
npopeccuonarvuas nodzomoskd, yKpaunckoe svicuiee obpasosanue, svicuiee obpasosanue ¢ CIIA
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