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GUIDELINES FOR EFFECTIVE IMPLEMENTATION
OF STEM EDUCATION IN UKRAINE

Formulation and justification of the
relevance of the problem. Information and
technological revolution causes the emergence of
new occupations in high tech area at the
intersection of the most natural sciences and
information technologies. The success of such
future professionals mainly depends on the
profound and deep knowledge in basic high school
STEM disciplines, i.e. mathematics, physics,
chemistry, biology, and especially informatics that
form the scientific worldview of a person. No less
importance has the logical and critical thinking as

13

an apparatus which allows a person to gather the
relevant and accurate information in the
continuously changing world. For that reasons, the
problem of implementing the STEM education is
very vital for Ukrainian educational system as a
part of globalization and integration of Ukraine in
European educational community and global job
marker.

Analysis of recent research and
publications. The problem of implementation of
the STEM Education is widely studied in a global
scientific and pedagogical community in the works
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by R. Bybee, J. Fairweather, H. Gonzalez & J.
Kuenzi, H. Kanematsu & D. Barry, M. Mataric &
N. Koenig, M. Sanders, P. Williams, etc. In
particular, the primer of STEM Education, the
practical aspects of using Hands-On Robotics, the
requirements to the today technology teacher, the
advantages and disadvantages of STEM education,
and its perspectives of development till 2020 have
been studied.

Instead, in Ukrainian scientific-pedagogical
community it is sporadically discovered only by
V. Sharko, thus the problem of effective
implementation of STEM education in Ukraine
remains unexplored, that determines the relevance
of our research.

The purpose of the article is to analyze the
concept of STEM education, its goal and premises,
define the legal framework of STEM education in
Ukraine, address the barriers and challenges that
should be considered and eliminated for effective
implementation, and recommend the principles for
successful implementation of STEM initiative in
Ukrainian educational institutions.

The main material of the study.

The theoretical background. Basically the
term «STEM education» is an acronym that
integrates four main approaches and disciplines to
education — science, technology, engineering and
mathematics. The STEM label firstly was used by
National Science Foundation at the end of twentieth
century as a concept that refers to any action in
STEM fields (R. Bybee) [2].

STEM education is treated «an
interdisciplinary approach to learning where
rigorous academic concepts are coupled with real-
world lessons as students apply science,
technology, engineering, and mathematics in
contexts that make connections between school,
community, work, and the global enterprise
enabling the development of STEM literacy and
with it the ability to compete in the new economy»
(N. Tsupros, R. Kohler, & J. Hallinen) [14].

This concept also has been defined as «a
standards-based, meta-discipline residing at the
school level where all teachers, especially science,
technology, engineering, and mathematics (STEM)
teachers, teach an integrated approach to teaching
and learning, where discipline-specific content is
not divided, but addressed and treated as one lively,
fluid study» (R. Brown, J. Brown, K. Reardon & C.
Merrill) [1, p. 6].

According to H. Gonzalez and J. Kuenzi
STEM education includes educational activities in
classroom and afterschool programs in the whole
educational system — from pre-school to post-
doctorate grade levels [6].

Consequently, the main purpose of STEM
education is improving the value of both
undergraduate teaching and learning in these
disciplines according to main challenges of
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information society and new economy.

The evidence and promising practices in
STEM education related to faculty involved in this
reform come from three major premises:

a) Better student learning outcomes in STEM
area as main challenge of information society;

b) Higher pedagogical effectiveness of
teaching STEM disciplines;

¢) Variability of changes of instructional roles
of faculty positions in STEM fields [5, p. 3-5].

Another premise is to prepare students to
future employment in some high technological
areas like robotics and artificial intelligence. In this
context, M. Mataric, N. Koenig and D. Feil-Seifer
[9] recommend robotics as a superb tool that can be
implemented trough hands-on learning in any
classes at elementary, middle and high school-
level. The authors describe own vision of robotics
application in STEM fields in K-12 schools and
suggest the materials and tools as well as developed
science courses that involve robotics in teaching
middle school classes. The material includes lesson
plans, freely distributed on the Internet, detailed
workbook of robot programming exercises with
illustrations and solutions, and the textbook that
discovers the key concepts and principles of using
robotics in the teaching subject.

However, as R. Bybee [2] has mentioned, in
most cases this innovation is treated only as science
and mathematics, despite the fact the influence of
technology and engineering increasing day by day.
Consequently today STEM education should be
more oriented to developing students’ knowledge,
skills and abilities in engineering and using of
technologies. Actual topics include: designing
engineering processes; discover how it works; how
to use technologies; problem solving and
innovation etc.

Despite all these positive facts, P. Williams
argues that STEM education realization and
support is very difficult because school curriculum
has a rigid structure resistant to change [15].
Another impediment is staffing implications in
secondary and high schools, where each teacher
teaches one discipline not as in primary school,
where one teacher teaches all subjects to one class,
which cause a necessity to provide team teaching in
secondary and high schools which requires
teacher’s training to implement this approach. One
more problem is how the STEM subjects could
relate to each other in the curriculum and to justify
their places [15]. For those reasons, «a focus on
STEM integration will not overcome the barriers,
and may result in the decimation of technology as a
distinct component of the school core curriculum.
A STEM orientation, therefore, must be
approached with caution» [15, p. 33].

Therefore STEM education can be treated as a
presumptive reform model based primarily on in-
classroom innovation and the teaching-learning
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process in STEM fields as challenges of the 21st
century.

The legal framework of STEM education in
Ukraine. The legislative basis of STEM education
in Ukraine is formed by three main documents: The
Law of Ukraine «About the Innovation Activities2
(2002) [8], The Decree of the of Minister of
Education and Science of Ukraine «About the
Approval of the Procedure of realization of
innovative educational activities» (2000) [11], and
The Decree of the Minister of Education and
Science of Ukraine «About the creation of a
working group on implementation of STEM-
education in Ukraine» (2016) [10].

The first document defines the legal,
economic and organizational principles of state
regulation of innovative activities in Ukraine,
establishes state forms of incentives and innovative
processes aims to support the development of
innovative of Ukrainian economy. According to
this law the innovations are newly formed (applied)
and (or) improved competitive technologies,
products or services, and organizational and
technical solutions for industrial, administrative,
commercial or otherwise, which significantly
improves the structure and the quality of production
and (or) social services; the innovation activities
are the activities aimed at use and
commercialization of research results and
development and causes the release of new
competitive goods and services [8].

The second document determines the
procedure of innovative educational activities in the
education system. Respectively, the educational
innovation is considered as first created, improved
education, training, educational, managerial
systems, their = components, with results
significantly improve educational activities. The
innovative educational activities are carried out at
the national, regional levels and the level of the
educational institution. At the national level
innovative educational activities involve the
following areas: education, training, educational,
administrative systems; a basic component of
preschool education, invariant component of
general secondary education, national component
content of vocational education, adult education
content, regulatory content of higher (including
postgraduate)  education; the  experimental
curricula, textbooks, manuals, developed in the
course of the experiment and results to improve
education;  educational technologies, forms,
methods and resources of training, education and
education management; scientific and methodical,
personnel, logistical and financial support of the
educational process in educational institutions;
systems, technologies, forms and methods of
leadership training, teaching and teaching staff
[11].

In accordance to the Decree of the Minister of
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Education and Science of Ukraine (2016) [10], for
the purpose of innovation development of
disciplines of natural and mathematical cycle, the
research in education, implementation and
development of STEM education in Ukraine was
created a working group composed by scientific
and teaching staff of the Institute of modernization
of the content of education, regional In-Service
teacher training Institutions, methodical staff of
district instructional Institution, and teachers. The
main objective of this group is to develop an action
plan for implementing STEM agenda in Ukraine.

The barriers and challenges to successful
implementation of STEM education in Ukraine.

As every innovation, the implementation of
STEM agenda in Ukraine comes across a variety of
barriers and challenges.

J. Ejiwale [4] identified ten barriers to
successful implementation of STEM initiative in
USA that are completely applicable for Ukrainian
education system:

1. Poor preparation and shortage in supply of
qualified STEM teachers.

2. Lack of investment in teachers professional
development.

3. Poor preparation and
students.

4. Lack of connection with individual learners
in a wide variety of ways.

5. Lack of support from the school system.

6. Lack of research collaboration across
STEM fields.

7. Poor Content preparation.

8. Poor Content delivery and method of
assessment.

9. Poor Condition of laboratory facilities and
instructional media.

10. Lack of hands-on training for students [4].

These barriers call a range of challenges to
Ukrainian educational system in methodological,
management, and performers’ aspects. The
following describes some of the identified
challenges to successful implementation STEM
education in Ukraine in relevant aspects.

The methodological challenges of STEM
education implementation consist of:

— The requirement to make explicit the nature
of STEM education, its realization and outcomes.

— The request to develop a concept consensus
and define strategies to implement STEM reform in
Ukrainian education.

— The demand to develop the model of
implementation of STEM education that defines the
learning objectives, performers roles, curriculum
content, traditional and innovative instructional
techniques, classroom instruction, student and
teacher activities in a classroom or laboratory,
resources and results.

— The necessity to elaborate an educational
technology for effective realization of STEM

inspiration of
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education in Ukraine that will implement the
relevant model.

— The need to design an assessment technique
and tools that determine student outcomes and
perceptions according to defined learning
objectives, especially with more complex ones,
such as the retention of knowledge over time, the
application of knowledge to solve unfamiliar
problems, and commitment to lifelong learning.

The management challenges of STEM
education implementation are:

— The demand to develop a detailed
instruction plan in single settings, for a course,
department, institution, and location. This plan
should also include the timing of implementation of
all activities and responsible persons.

— The need to operate the STEM pipeline and
instruction at each Ukrainian school level — from
primary to high school with focus on interaction
and interrelation of teaching subjects within and
across departments.

— The necessity to elaborate a mechanism of
motivation in teaching and learning STEM
subjects. This mechanism could increase the
interest and self confidence of students in field of
study, and attracting them to STEM majors in
college or university.

— The requirement to make a regular
monitoring to determine the current state of STEM
initiative implementation results and possible
problems. In case of problems appearance, the
relevant activities could make to solve them.

— The request for substantial external funding
to develop methodological materials, manage and

assess student learning outcomes of STEM
education implementation.
The performers’ challenges of STEM

education implementation include:

— The requirement to increase public
awareness about STEM education could improve
the level of understanding of effectiveness and
necessity of this innovation in classroom or
laboratory.

— The necessity to prepare performers who
have not enough necessary knowledge and skills to
effective teach STEM subjects.

— The demand to adequate performer
compensation to attract and retain high-quality
teachers in STEM pipeline.

— The need to encourage STEM performers to
provide sufficient information about the course
taught, materials, and resources required for its
successful implementation. Also they could detail
the relevance of STEM initiative to their own
professional and classroom activities.

The principles of effective implementation of
STEM education in Ukraine. The principles we
understand as certain outgoing regulatory
requirements for the organization of the educational
process which ensure its efficiency and success.
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They define the content, direction and main output
of this process. Therefore principles are defined
through the specifically targeted rules, regulations
and recommendations. It also should be mentioned
that principles are interrelated and determine each
other [3, p. 168-170].

Based on this theoretical position, indentified
barriers and challenges, our experience, and
depending on the key components and stages of the
educational process, we recommend twelve
principles of effective implementation of STEM
education in Ukraine:

— The goal and objectives (Practical Purpose
and Clarity);

— Student involvement
Interaction, and Bottom Line);

— Content forming (Interrelation, Integrity,
and Modularity);

—  Organization  (Hands-on  learning,
Technologization, Continuity, and Adaptability).

For example, a STEM education program
supposed to include as much as possible practical
objectives that aim at the development of a
students’ computer and information technology
literacy (Practical Purpose), which should be clear
and understandable for every student, teacher, and
instructor involved in this process (Clarity). During
classroom and laboratory sessions each student
should be involved in a STEM study according to
his own needs and abilities (Personalization). The
students could interact in various forms of
activities, from individual to the whole group of
students (/nteraction). Not all of students could
achieve the highest level of STEM education and
not all of them will be engineers, mathematicians or
programmers, but each student should get the
minimal knowledge and skills, necessary for a
successful professional activities and life in the
information society (Bottom Line). The content of
STEM course should be related with main study
disciplines at each school level (Interrelation), and
could contain integrated (/ntegrity) and self-
contained separate independent educational topics
(Modularity). The STEM education organization
could use more practice in learning (Hands-on
Learning) and relevant education technology
(Technologization). This process should continue
from elementary schools to pre-university colleges
(Continuity) and could tolerate to changes in
education and society (Addaptability).

The given principles in a certain way
guarantee the successful implementation of STEM
initiative and will improve the effectiveness of the
whole educational system of Ukraine.

Conclusions and prospects for further
research. The STEM education is an
interdisciplinary approach that aims at integrated
teaching and learning of science, technology,
engineering, and mathematics on one live and fluid
process to compete education the new economy

(Personalization,
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reality. The main premise of STEM education is
that it is a presumptive reform model that responds
to mail challenges of the 2Ist century and
information society.

The legislative framework in the field of
STEM education in Ukraine is formed at the
primary level and could be developed to many
perspective directions.

The successful implementation of STEM
initiative in Ukraine encounters several barriers and
challenges. To achieve STEM education goal and
objectives, we identified and described some
methodological, management, and performers’
challenges.

We recommend twelve principles of effective
implementation of STEM education in Ukraine,
depending on the key components and stages of the
educational process: The goal and objectives
(Practical ~ Purpose and  Clarity);  Student
involvement (Personalization, Interaction, and
Bottom Line); Content forming (Interrelation,
Integrity, and Modularity); Organization (Hands-on
learning, Technologization, Continuity, and
Adaptability).

Future possible research will be devoted to
describing the above mentioned twelve principles
of effective implementation of STEM education in
Ukraine and given practical examples for their
using in the classroom and online learning.
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OCHOBHI B MOBJIEHHEBOI ABLIBHOCTI SIK CTPYKTYPHI CKJIATHAKH
IHTETI'PAIIII HABUYAJIBHO-ITII3HABAJIBHOI TA CAMOOCBITHBOI AIAJIBHOCTI
CTYJAEHTIB BUIIOI'O NEJAT'OI'TYHOI'O HABYAJIBHOI'O 3AKJIAY

IlocTtanoBka Ta OOIpYHTYBaHHS
akTyajbHocTi  mpo6Jsevu. OCHOBHI  BHIH
MOBJICHHEBOT ~ JisNTBHOCTI  (TOBOpPIHHSA, IHCBHMO,
ayJilOBaHHS, YUTAHHS) K CTPYKTYPHI CKIaJHHUKU
iHTerparmii HaBYaJIbHO-I113HABAIHHOT Ta
CaMOOCBITHBOI ~ JBSUIBHOCTI  CTYZEHTIB  BHIIOTO
MEeJarorivyHOr0 HaBYAIBbHOTO 3aKIaay € OCHOBHHM
OiAIPYHTSM  MIATOTOBKM A0  npodeciiiHoi
JUsIbHOCTI MalOyTHIX y4MTENiB iHO3EMHOI MOBH,
MiJBUIICHHS SKOCTI $IKOI, B CBOKWO 4Yepry, €
MPIOPUTETHUM HANPSMOM  PO3BUTKY OCBITHBOT
ranysi YKpainu B 1inomy.

Po3BUTOK  MOBIEHHEBOI  KOMIIETEHTHOCTI
MaiiOyTHIX  y4WTeNniB  1HO3EMHHX  MOB 3
MICUXOJIOTIYHOI TOYKU 30pY IPYHTYEThCSI Ha TeOpil
MOBJICHHEBOT JISITBHOCTI.

AHani3 ocTaHHIX JOCTi/KeHDb i myOikaniii.
BuBueHHs1 mpoueciB MOBIEHHS SK JiSUIBHOCTI
JTAFOTh 3MOTY BU3HAYHUTH IUTSIXH Ta 3aKOHOMIPHOCTI

PO3BUTKY MOBJICHHEBUX yMiHb 1 HaBUYOK.
MoBneHHEBY JiSTBHICTD y HCUXOJIOTI]
posrnsnarote  JI.  Burorcekuii, [. Tambnepiw,

O. I'oixman, M. Xunkin, 1. 3umas, O. JleonTses,
A. Jlypis, A. Mapkosa, 1. Cunng,
O. [IlaxHapoBuu Ta iHiI. MOBJICHHEBA AiSIbHICTh
— IIe TIpoLieC BUKOPUCTAHHS MOBH ISl CHUIKYBaHHS
mig  vac Oyae-sikoi  iHmOl  misutbHOCTI  [4];
MOBJICHHEBA [ISUIBHICTD sBiIte cO00OI0 mpolec
AKTUBHOTO, [[LIECHPSIMOBAHOTO, OIIOCEPEIKOBAHOTO
MOBOIO Ta 00YMOBJIEHOT'O CUTYAIi€l0 CHIIKYyBaHHS 1
B3aEMOII1 JII0JIeit Mixk co0oro [5].

Meta cTaTTi — OOIPYHTYBaHHS OCHOBHHX
BUJIIB MOBJIEHHEBOI IiSIBHOCTI SIK CTPYKTYpPHHX
CKIIQJIHMKIB 1HTerpamii HaBuYalbHO-ITI3HABAIBHOT
Ta CaMOOCBITHBOT [iSIBHOCTI CTYJICHTIB BHIIOTO
[Ie1aroTiYHOTO HaBYAJILHOTO 3aKIany.

Buxaan OCHOBHOT'0 MaTepiaJy
JOCTiIZKeHHSI. O. JleoHtnes, MOPIBHIOKOYHU
MOBJICHHEBY MisTIBHICTh JIIOAMHU 3  OYIb-SKOIO
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BHU3HAYa€ Taki 11 pucu:
MeTa, 3aayM, 3HaHHS;
cutyamii, y sKid Mae
BinOyTucs M BiIOYyBa€eThCS TISITIBHICTD;
3) npuiHATTA  pillleHHd BUKOHYBaTW YU  HE
BUKOHYBATU JisUIbHICTh Ta BUOIp ONTUMAIbHUX IS
MeBHOI cuTyanii 3aco0iB peanmizanii JisSIBHOCTI;
4) nnaHyBaHHS  JiSUIBHOCTI Ta  HepenOadeHHs
MOXITUBOTO Pe3yNbTaTy; 5) BUKOHAHHS MEBHUX il
Ta omnepamii; 6)KOHTPOJb HAA peaii3aliero
IiSUIBHOCTI  Ta 11 KOpekuis; 7) NOpiBHSIHHS
pe3yabTaTy AisNIBHOCTI 3 TIOCTAaBICHOK METOH [6].
TakuM YHMHOM, MOBJICHHEBA [iSIIBHICTD SIBJISIE
co00K0 KOMYHIKaTUBHY c(epy KUTTETISIIBHOCTI
nmoauHu. 3HaHHA 11 cneuu@ikd, 3aKOHIB, €TariB
nepebiry  3abesneuyroTb  (GOpMyBaHHA — Ta
BJIOCKOHAJICHHSI BMiHb CIIUJIKYBAaTHCS BiJITIOBIHO
[0 CHTYyallii, TIOCTaBICHUX LiJieil Ta 3aBOaHb, MO
BUHUKAIOTh Y NIPOLIECi KOMYHIKaTUBHUX NOTPED.
[.3umHs [5] BH3Ha4Yae HHUBKY 3arajJbHHX
XapaKTEepUCTUK MOBJIEHHEBOI NisUIBHOCTI Ta BCixX ii
BUMIB: 1) CTPYKTypHa OpraHi3aiis, 1[0 BKJIIOYaE
(daszoBy OynoBy ¥ omepauiiiHy CTPYKTYpY;
2) npenMeTHU# (IICUXOJIOTIYHUI) 3MiCT; 3) €IHICTh
BHYTPILIIHBOTO Ta 30BHIIIHBOTO OOKiB; 4) €qHICTH
3MicTy Ta (GopMH HOTO peaitizaliii; 5) 3yMOBIIEHICTh
MOBJICHHEBOIT TiSUTBHOCTI JIFOTTHU
(YyHKI1OHYBaHHIM HCHUXIYHUX IpolLecis
CIpUHAMAaHHS, YBar, aM’ i, MUCJICHHS, YSIBH.
Bupamu MOBIICHHEBOI JAisUIBHOCTI BH3HAYEHO
TOBOPiHHS, NHCBMO, ayIilOBaHHs, YHTAHHI Ta
po3noaiieHo iX Ha Ti, Mo 3a0e3neyyloTh Hpolec
IPOAYKyBaHHA (TOBOpIHHA, MUCbMO), Ta Ti, IO
3a0e3MeuyoTh MpoleC CHOpUAMaHHS (CIIyXaHHS,
YUTaHHS) MOBJICHHEBOTO BMCJOBJIEHHS. 3 IUX
MO3MII HAMH  BHOKPEMJICHO B  CTPYKTYpi
MOBJICHHEBOI AisUTLHOCTI CTYCHTIB COPMOBAHICTh
YOTUPHOX 11 BH[IIB Ta BIJHECEHO TOBOPIHHI U
IHCBMO [0 TIPOLECY MOPOKEHHS MOBJIEHHEBOTO

© Mmvutpyk JI. A., 2017

IHIITOKO  TiSTIBHICTIO,
1) notpeba, MOTHB,
2) yceOiuyHui  aHami3



