BX4) mokaspiBaeT, 4T0 BCe MPUTOTOBJICHHBIC BSDKYIIME COOTBETCTBYIOT TpeboBanusiM COY 45.2-00018112-036:2008, mpensss-
msieMbIM K kuakuM 6utymam mapku BCTP 70/130 ta BunCI'3 70/130. Bonee BbIcOKO€ KOIMYECTBO HUCIIAPHBLICIOCS Pa3KIKATEIS
U3 JKUJIKUX OMTYMOIIOJMMEPHBIX BSOKYIIMX IPH UX TEPMOCTATHPOBAHHU M OOJbIIee 3HAYEHHE TEMIIepaTyphbl pa3MsrueHus Mmocie
OIIPE/ICIICHUs] KOJIMYECTBA UCHIAPUBIIEIOCS Pa3KIKUTENS CBUIIETEIBCTBYET O OOJNbLICH CKOPOCTH (HOPMUPOBAHHS CTPYKTYPBI, 110
CPaBHEHHMIO C JKMIKUMHU OUTyMamu. Bosblune 3HaYeHUs TeMIepaTypbl pa3MArd4eHUs OCTaTKa y OMTYMONOIMMEPHBIX BSDKYLINX, 110
CPaBHEHHMIO C HCXOJHBIM BSI3KMM OHTYMOM, SIBIISTIOTCS CJICICTBUEM CTPYKTYPHPYIOIIETO JeHCTBUS TEPMOAIIACTOILIACTA, IPUCYTCTBY-
OIIIETO B UX COCTaBE B Ko4ecTse 3 %.

Pe3ynbrarbl CpaBHUTEIbHBIX MCCIIEIOBAHUI BIMSHUS COCTABA XKUIKUX OUTYMOB M OUTYMOIOJIMMEPHBIX BSDKYIIMX HAa CBOWCTBA
MeJIKo3epHUCTOro acansrodeTona (Tun B) Xo10qHOT0 THIIA TPHUBECHBI B Ta0IHIE 2.

Taou. 2.
Du3nKo-MexaHnyecKke cBOHCTBA X0J0AHBIX ac(haabTo0eTOHOB
HammenoBanwme mokasaresneil CBOMCTB Mrnekc utyma TpeGoats
BX1 BX2 BX3 BX4 ACTY B B.2.7-119
CpeHsisi INOTHOCTb, KI/M® 2372 2371 2363 2365 -
Bononaceiiienue, % 7,3 6,4 6,3 5,6 He Goiee 9
Habyxanwue, % 1,1 0,9 1,2 1,0 He Oosee 1,2
IIpenen npounoctu npu cxkaruu, MITA, npu
Temneparype 20 °C:
- IO TIporpeBa 2.3 2,2 2.4 2,2 He menee 1,5
- TIOCJIe IIPOrpeBa 3,1 2.9 3,6 3,6 He MeHee 1,8
Koaddunment BonoycroitunBoctu:
- IO TIporpeBa 0,82 0,92 0,94 0,96 ue menee 0,85
- TOCJIe porpesa 0,94 0,96 0,99 0,99 ne meree 0,90
Koaddunment anurensHON BOIOYyCTORYNBOCTH:
- IO IporpeBa 0,52 0,70 0,72 0,74 ue menee 0,70
- OCJIe Mporpesa 0,60 0,85 0,87 0,89 He menee 0,85
C1e:XnBaeMoCTb, yIapoB 10 9 8 8 He Gomnee 10
Conepxanue outyma, % 5 5 5 5 -

JlocTaTOYHO BEICOKHE 3HAUCHNUS IIPOYHOCTHBIX MOKa3aTelell BceX HCCIeayeMbIX ac(hanbTo0eTOHOB 00y CIIOBIICHEI TPAHyIOMETPH-
YEeCKHUM TUTIOM CMECH, YMEPEHHOH KPYITHOCTBIO 3epeH mebns ((ppakmus 5-10 Mm) n npucytcTBueM B HUX 10 % Macc H3BECTHIKOBOTO
MHHEpaJbHOTO rnopoika. Achaibro0eTOHbl HA OCHOBE OUTYMOIOJIMMEPHBIX BSOHKYIIMX XapaKTePHU3YIOTCs OOIBIIMM BO3PACTaHHEM
Tpeziesia IIPOYHOCTH TIPH CXKaThH 1ocie nporpesa (1,6—1,7 pasa), o CpaBHEHHIO C OOBIYHBIMH XOJIOMHBIMHU acanbrodeToHaMu
(1,30-1,35 pasa), 4T0 CBHACTEIBCTBYET O BO3MOKHOCTH 00Jiee HHTEHCHUBHOTO (DOPMHUPOBAHUS CTPYKTYPBI TAKHX ac(aabTOOCTOHOB
B IIOKPBITHH.

XapakTepHoil 0COOEHHOCTBHIO XOJIOAHBIX ac()aIbTOOETOHOB Ha OCHOBE JKHJIKOTO OUTyMa U OUTYMOIOIMMEPHOTO BSKYILETO, CO-
neprkanmx karnonHoe [TAB, siBaseTcs Oomnee BrIcOKHe 3HaUCHNS KOA()(OUINECHTOB JIITUTETBHON BOJOYCTOHIMBOCTH [0 U TTOCTE TPO-
rpeBa, 0 CPaBHEHUIO ¢ OeToHaMy Ha OuTyMax Oe3 MOBepXHOCTHO-aKTHBHOTO BellecTBa. [10 ypoBHIO KO (HUIIMEHTOB [UTUTEIBHOI
BOZIOYCTOMYHBOCTH TOJBKO ac(haIbTOOCTOH Ha 0cHOBE JkuKoro 6utyma 6e3 [TIAB (B)XK1) He orBeuaer TpeboBanmsm JICTY b B.2.7-
119:2011, mpexssBiseMbM K achansrodeTonam | mapku. bonee HU3KHE 3HAYCHUS MMOKA3aTeNsl CICKUBAEMOCTH ac(aabTOOCTOHOB
Ha 6I/ITyMOl'IO.]'Il/IMepH]>IX BSDKYIIUX XOPOLIO COINIACYIOTCs € JaHHBIMU 110 KOT'€3HMOHHOM IPOYHOCTHU XKUAKUX 6I/ITyMOB C I[O6aBKaMI/l
noimmepa [2]. DhheKTUBHOCTE )KUAKOTO OMTYMa, COJleprKaliero OHOBPEMEHHO 100aBKy noaumepa u [IAB, moarBepsknaercs BbICO-
KAMU 3HaYCHUSAMH KO3()(OUIIMEHTOB ATUTENEHON BOJOYCTOHUMBOCTH acansTobeToHa, Oomblieli HHTEHCHBHOCTHIO (hOpMHUPOBAHHS
CTPYKTYpBI B IPOLIECCE MPOrPEeBa U MEHBIINM MOKa3aTeIeM CIIC)KUBAEMOCTH CMECH.

Jluteparypa:

1. AsnacoBa H.M. CTpouTenbCTBO MOKPHITHIT M3 XOJIOIHBIX ac(aibTOOCTOHHBIX CMECeH C MOBBIILICHHBIM COACPKAHUEM ILIe0-
Hi., Tpyast Coroznopaun. - 1969., Bein. 34.,C. 180-188.

2. BonkxoB M.U., Kocmun A.B. CHmKeHHE CIIeKHBAEMOCTH XOJIOTHOTO acdansrodeToHa., ABTOMOOHIBHEIE gopory. - 1970.,
Ne 7., C. 14-15.

3. Xnanrok B.K., Pe6enok O.E, lllepuenko B.I1. CpaBHUTEIBHBIC HCCIICTOBAHMS KOT€3UOHHON MPOYHOCTH BSI3KUX U YKHIKUX
HeTsIHBIX OuTyMOB., BectHuk XIAATY.— Xapekos., XTAJTY. - 2000., Beim.12, 13., C. 35 - 37.

[

U.D.C. 37.01+ 37.02
THE BARRIERS AND CHALLENGES TO SUCCESSFUL IMPLEMENTATION OF STEM EDUCATION IN UKRAINE

M. Byrka, Dr. of Education, Associate Prof.
In-Service Teacher Training Institute of Chernivtsi region, Ukraine

Conference participant

The problem of effective realization of a new interdisciplinary educational approach — STEM education (Science, Technology,
Education, and Math) in the Ukrainian education system is studied in the article. The discussed aspects are: definition, goals and
promises of STEM education, legal framework of STEM education in Ukraine. The author addresses the barriers and challenges
to effective implementation of STEM education in Ukraine. The research draws upon mainly primary national and international
sources in the area of the STEM education including Ukrainian legislative base. The implementation of STEM initiative in Ukrainian
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educational system is a good opportunity to train the future employees with strong scientific, computer and mathematical backgrounds
to succeed at the global job market in high-tech area.

Keywords: STEM education, definition, goals and premises, legal framework of STEM education in Ukraine, barriers and
challenges.

Introduction. Modern 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 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.

The problem of implementation of the STEM Education is widely studied in a global scientific and pedagogical community
in the works 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 this problem is revealed 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, address the barriers and challenges
that should be considered and eliminated for effective implementation of STEM education in Ukraine, and recommend the principles
for successful implementation of STEM initiative in Ukrainian educational institutions.

The definition, goals and premises of the STEM education. 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 (Bybee,
2010).

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” (Tsupros, Kohler, & Hallinen, 2009).

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” (Brown, Brown, Reardon & Merrill,
2011).

According to Gonzalez & Kuenzi (2012) STEM education includes educational activities in classroom and afterschool programs
in the whole educational system — from pre-school to post-doctorate grade levels.

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 information society and new economy.

The evidence and promising practices in STEM education (Fairweather, 2008) 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; (c) Variability of changes of instructional roles of faculty positions in STEM
fields.

Another premise is to prepare students to future employment in some high technological areas like robotics and artificial
intelligence. Mataric, Koenig and Feil-Seifer (2007) 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. Therefore STEM education can be treated as a presumptive reform model based primarily on in-
classroom innovation and the teaching-learning process in STEM fields as challenges of the 21st century.

However, as Bybee (2010) 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, Williams (2011) argues that STEM education realization and support is very difficult because
school curriculum has a rigid structure resistant to change (p. 27). 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 (p. 28).
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” (p. 33).

The legal framework of STEM education in Ukraine. The legislative basis of STEM education implementation in Ukraine is
formed by three main documents: The Law of Ukraine “About the Innovation Activities” (2002), 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),
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).

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.
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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.

In accordance to the Decree of the Minister of Education and Science of Ukraine (2016), 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 initiative 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.

Ejiwale (2013) identified ten barriers to successful implementation of STEM initiative in USA that are completely applicable for
Ukrainian education system:

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

. Lack of investment in teachers professional development.

. Poor preparation and inspiration of students.

. Lack of connection with individual learners in a wide variety of ways.
. Lack of support from the school system.

. Lack of research collaboration across STEM fields.

. Poor Content preparation.

. Poor Content delivery and method of assessment.

. Poor Condition of laboratory facilities and instructional media.

10. Lack of hands-on training for students (p. 64-69).

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 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 (Fairweather, 2008).

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 initiative.

- 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.

Conclusion. 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 reality. The main
premise of STEM education is that it is a presumptive reform model that responds to mail challenges of the 21st 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.
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Future possible research will be devoted to define and describe the principles of effective implementation of STEM education in
Ukraine and give practical examples for their using in the classroom or laboratory.
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Differential approach for teaching of schoolchildren at general educational teaching establishments of Ukraine is integral part
of organization of qualitative school education. School teachers use different sets of instruments to solve this problem. Elective
courses can be regarded as content block of profile teaching of school education. Their contents depend on the profile, which the
pupil chooses, while studying at profile school. The contents of elective courses is examining on the example of such school subject
as chemistry. The article is dedicated to this problem.

Keywords: school education, differential teaching, elective courses, chemical and biological profiles.

Key question of nowadays is orientation of system of teaching to the development of individuality, able to carry out self-dependent
teaching activity, self-development and creative solving of intellectual and practical problems. In the conditions of reforming of school
education differential teaching is a crucial element of pedagogical changes [1]. Observing philosophy of this question, we realize that
the centre of pedagogical process is a person with his (her) individual needs and his (her) own internal world as the highest value of
society’s life. The significant place belongs to differential teaching while solving these tasks. Profile character can be regarded as a
special mean of differential teaching. Profile teaching is realized by the way of learning of system of teaching courses — basic, profile,
special and elective ones (courses to be chosen) [2].

Elective courses (courses to be chosen) are aimed to satisfy different interests of pupils, such kind of courses is in the frame of
school component of curriculum. There are different elective courses at different schools using the same profile of teaching. Their
set according to the themes must be supplementary to guarantee choice for pupils, and forms of organization of teaching must have
active character. The main peculiarity of elective courses is in necessity of choice of some concrete courses (5 — 6 and more) by a pupil
himself (herself) and in their compulsory attendance after choice that puts the pupil in the situation of self-dependent professional
self-determination, creation of individual life style.

In the result of researches it was established the fact that elective courses fulfilled the following functions: 1) learning of key

G 204 GO



