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STEM EDUCATION IN THE USA AND UKRAINE: COMPARATIVE ANALYSIS

In the article a comparative analysis of theoretical and content-procedural foundations of
STEM education development in the USA and Ukraine is conducted. The nature of the
phenomenon under study is revealed. The regulatory basis of STEM education in the USA and
Ukraine is characterized. It is proved that STEM education is a priority direction of national
education policy in both countries. The similarities and differences in STEM educational services
provision in the USA and Ukraine are found out. The prospects for further research are seen in the
developing guidelines for STEM education implementation in the secondary education
institutions based on the positive conceptual ideas of American experience.
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Introduction. Nowadays, development of STEM education is a priority
area of education policy in many countries. For example, in Ukraine, the
Ministry of Education and Science recognizes the need to promote
development of STEM education by analyzing the effectiveness of the process
and dynamics of development, finding ways to improve the efficiency of
innovations implementation, identifying problems and predicting further
trends in the development of STEM education (HYLLU: Hoea yKpaiHcbKa wkKona).
At the same time, in determining trends of STEM education development, we
consider it expedient to focus on the positive conceptual ideas of foreign
experience, first of all, the USA as one of the world leaders in this field.

Analysis of relevant research. The current interest of domestic researchers
in STEM education is caused by the need to modernize the content, forms and
methods of teaching STEM disciplines in Ukrainian education institutions at
different levels in order to prepare new national intellectual elite, competitive at
the world labor market. For this purpose in 2016 in Ukraine a working group on
implementation of STEM education was created. The working group meeting held
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in 2019 approved the report on implementation of the Action Plan for STEM
education development in Ukraine for 2016-2018 and discussed and approved
the Action plan of the Ministry of Education and Science of Ukraine on STEM
education development for 2019-2022. The meeting was attended by
representatives of the Ministry of Education and Science of Ukraine, SSI “Institute
of Education Content Modernization”, Institute of Pedagogy of the National
Academy of Sciences of Ukraine, National Center “Minor Academy of Sciences of
Ukraine”, regional institutes of postgraduate pedagogical education. During the
discussion, the members of the working group presented the experience of
implementing STEM education in the regions. The reports were presented by
O. Patrykeieva, I. Vasylashko, O. Buturlina, O. Barna, S. Ivanov, N. Polykhun (STEM
coalitions. STEM — oceima 8 YKpaiHi akKmugHo po38UBaemMscA).

Besides, different aspects of STEM education development in Ukraine
and abroad have been revealed in the studies of V. Andriievska, S. Babiichuk,
O.Barna, M. Boichenko, I. Chernetskyi, V.Chernomorets, S.Dembitska,
S. Halata, O. Hirnyi, O.Kiian, O.Korshunova, O.Kurnosenko, O.Kuzmenko,
S. Kyrylenko, R. Levytska, O.Lozova, N.Morze, O. Patrykeieva, N. Polikhun,
l. Savchenko, S. Sioma, I. Slipukhina, H. Skrypka and others.

Despite considerable interest in STEM education of domestic policy-
makers, education theorists and practitioners, there are only few studies on
STEM education development abroad, which could provide perspectives for the
development of this field in Ukraine.

In the light of the above mentioned the aim of the article is to compare
theoretical and content-procedural foundations of STEM education
development in the USA and Ukraine.

Research methods: analysis, synthesis, comparison, generalization,
concretization, classification, systematization — in order to study the sources on
STEM education and divide them according to their direction; comparative
analysis — for revealing similarities and differences in STEM education
development in the USA and Ukraine; scientific extrapolation —in order to find out
positive conceptual ideas of US experience that can be implemented in Ukraine.

Research results. In order to reveal peculiarities of STEM education
development in the United States and Ukraine, we find it necessary to define the
nature of the phenomenon under study. The term “STEM” is an acronym for the
first letters of such disciplines as Science, Technology, Engineering, and
Mathematics. In this context we’'d like to emphasize, that Science refers to the
natural sciences, not science as a whole, as it is interpreted by Ukrainian
researchers.
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This term was proposed by the National Science Foundation (NSF) to
refer to these disciplines instead of the acronym SMET. For the first time the
term STEM is found in the text of the NSF project entitled STEMTEC (Science,
Technology, Engineering and Math Teacher Education Collaborative) in 1997.

In modern conditions the synonyms of STEM are:

e eSTEM (environmental STEM);

e METALS (STEAM + Logic), where the acronym STEAM stands for the first
letters of such disciplines as Science, Technology, Engineering, Art,
Mathematics, and also Logic is added;

e MINT is a less used term with the same meaning that is most commonly used
in Germany to refer to such disciplines as Mathematics, Information
Sciences, Natural Sciences and Technology;

e STREM — covers Science, Technology, Robotics, Engineering and Mathematics;

e STREM —is similar to the previous acronym, but instead of Mathematics, the
letter M stands for Multimedia;

e STREAM - includes Science, Technology, Robotics, Engineering, Art and
Mathematics;

e STEAM — unlike the previous acronyms where the letter A is used to denote
Art and letter M — Mathematics, in this case AM is Applied Mathematics;

e GEMS (Girls in Engineering, Math, and Science);

e STEMM —is used to refer to Science, Technology, Engineering, Mathematics,
and Medicine;

e AMSEE — includes Applied math, Science, Engineering, and Entrepreneurship
(Wikipedia).

According to American scientists H. B. Gonzales and J.J. Kuenzi, the
concept of “STEM education” covers teaching and learning in the field of
Sciences, Technology, Engineering and Mathematics. STEM education includes
educational activities at all levels of education — from preschool to doctoral,
both formal and informal (Gonzales & Kuenzi, 2012).

Although most scholars link emergence of STEM education phenomenon
with the launch of the Soviet satellite in 1957, US researchers H. B. Gonzales
and J. J. Kuenzi insist that the federal government’s attention to scientific and
technological literacy is much longer and has its roots in the first Congress. For
example, in his first address, President J. Washington urged members of the
Congress to develop such field of knowledge as natural sciences for the sake of
the Republic’s development.

After World War I, there was an increase in interest in STEM education as a
pledge of national welfare and state power. As noted, the launch of the artificial
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Soviet satellite in 1957 was the impetus for the government to take action to find

the “best and smartest”, who will in the future make up the next generation of

leaders and innovators in Science and Engineering (S&E). This event, according to

American researchers (Preparing the next generation of STEM innovators), was

the beginning of a new era of unprecedented scientific and technological growth

of the Nation, which resulted in the creation of new businesses and jobs,
improving national security and quality of life for citizens. The Government’s main
objective was to achieve high results in such areas as STEM education and talent

development, along with research and development (R&D).

Unlike the USA, in Ukraine the interest to STEM education at the national
level arose in late 2010s. In particular, MES of Ukraine together with SSI
“Institute of Education Content Modernization” designed Action Plan for STEM
education development in Ukraine for 2016-2018, in the frames of which were
defined priority directions of STEM education development in Ukraine, namely:
e development of regulatory, scientificc-methodological foundations of STEM

education implementation;

e promotion of STEM education development: analysis of the effectiveness of
the process and development dynamics, ways to increase the efficiency of
innovation implementation;

e identifying problems and predicting further trends in STEM education
development;

e conducting experimental work at the national level on the topic “Scientific-
methodological foundations of creation and operation of Ukrainian
scientific-methodological virtual STEM center (USMV STEM-center) for 2017-
2021 (MES order No. 708 of May 17, 2017);

e implementation of the Innovative educational project program of the
national level “I am a researcher” for 2018—-2021 (MES order dated April 13,
2018, No. 366);

e conducting educational and guidance work among young people to get
acquainted with STEM careers;

e organizing and conducting educational events aimed at popularization of
STEM learning: competitions, contests, STEM festivals, scientific picnics,
STEM tours, etc;

e dissemination of experience and achievements in the field of STEM
education through publications, presentations during various educational
events: international, national, regional scientific-practical conferences,
seminars, webinars, trainings, roundtables, competitions, hackathons, etc;

e initiating, fundraising and coordinating innovative educational projects;
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e raising the level of professional skills of scientific-pedagogical workers and
presentation of pedagogical work experience, in particular within STEM
schools (MemoduuHi pekomeHdayii ujo0o pozsumrky STEM-ocsimu...).

Taking into account the fact, that STEM education in Ukraine is a new
field (though in Ukrainian SSR as a part of USSR, Science, Technology,
Engineering and Mathematics separately were taught at a high level), we
consider it necessary to turn to foreign experience.

It should be also stressed, that despite the fact, that all students can be
involved in STEM education, the target category of most STEM programs are
gifted and talented.

There are numerous special STEM education programs for children and
youth in the United States. At the same time, as NSF experts note, performance
standards for gifted and talented should be raised, which will best meet their
needs and reach their potential.

In an analytical report “Preparing the next generation of STEM
innovators: ldentifying and Developing our Nation’s Human Capital”, NSF
experts provide information on the current state of GT education, in particular:
e talented, motivated students are more likely to master the content of the

curriculum, and some of them have already mastered 40-50 % of the course
material during transition to the next class. The desire to receive new
information and learn quicklier can disappear if the necessary measures are not
taken. Growing popularity among educational policy makers of such strategy as
time on task that provides well-defined time limits for completing a certain type
of educational work (if the student did the work faster, it was not done well,
the material was not fully understood), has a negative impact on GT students’
development, as time is often allocated to the task that the student has long
completed. Therefore, learning activities should be appropriate to the student’s
learning style, his or her individual needs and abilities;

e survey shows that accelerated curriculum or accelerated learning is most
appropriate for gifted students, as it allows matching the pace and level of
learning of the material with intellectual readiness, emotional maturity and
motivation of the student without developing a special curriculum;

e organization of accelerated learning does not require large financial costs,
but it does require the flexibility of school administration, especially when it
comes to junior pupils, where accelerated learning needs to be addressed at
the state or district level. Similarly, the bureaucratic obstacles caused by the
specificities of the state or local education policy prevent school students
from moving to other classes/schools to meet their educational needs;
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e in the field of STEM education, all students, including the most gifted, should be
involved in experiential learning, collaboration with classmates, open-ended
real-world problem solving, STEM-based training, engagement with scientists,
engineers and other professionals. At the present stage of development of Ame-
rican education, such opportunities were realized mainly within the framework
of informal, extracurricular activities (enrichment of the curriculum) (for exam-
ple, summer camps, visits to science museums, mathematical circles), rather
than as an integrated component of the STEM curriculum. Out-of-school enrich-
ment of the curriculum is extremely valuable, mainly, in maintaining interest in
STEM, but insufficient, as students spend most of their time in the school, so
educational and extracurricular activities in this area should be synchronized;

e formal and informal enrichment of the curriculum is quite limited in poorly
financed districts and schools. However, curriculum enrichment is an extremely
effective measure and, together with accelerated learning, should be a must-
have in teaching GT students. Content enrichment of STEM resources can be
achieved with the help of the latest information and communication
technologies. Using Internet GT students in deprived areas can take advantage
of formal and informal opportunities and receive advice from STEM specialists,
access online museum collections and a wide range of digital STEM content,
and work in virtual laboratories;

e early involvement in STEM education is of utmost importance, as interest in
STEM disciplines is most often manifested in junior pupils, and such an early
immersion in STEM will make it possible to make a future choice of the
carrer related to the subject of interest;

e engineering is an industry where innovations are being actively implemented,
and therefore involving GT students in engineering (e.g., robotics, inventive
competitions, etc.) can increase interest in STEM. However, involvement in
engineering is not widespread in the junior and middle classes of general
secondary schools;

e sometimes gifted and talented students are not sufficiently prepared for
enriched content because they lacked access to the necessary resources or
were not immersed in a stimulating learning environment. One of the ways to
overcome this contradiction is the so-called bridge programming. Specially
designed “bridge programs” help to increase the students performance in such
a way that it corresponds to his/her personal potential, to increase the
student’s confidence in his/her abilities, as well as to participate in the activity
with the classmates who have high educational achievements (Preparing the
next generation of STEM innovators).
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Thus, in the United States STEM education is provided in secondary schools
while in Ukraine the main emphasis is made on extracurricular activities. Further-
more, in the USA there is a tendency to creating STEM schools while in Ukraine —
to enriching curriculum with STEM disciplines and developing STEM programs.

As Ukrainian STEM experts note, transition to a competence STEM learning
model and application of new methodological approaches, above all, provides:

e fundamentally new goal setting in the pedagogical process, displacement of
the accents in educational activities from narrow subject to general ones;

e updating the structure and content of academic subjects, special courses, etc.;

e identifying and evaluating learning outcomes through key and subject
competences of the student;

e introducing end-to-end STEM training, competence oriented forms and
methods of teaching, systems-activity approach;

e introduction of innovative, game learning and case study technologies,
interactive group learning methods, problematic techniques aimed at
development of critical and systemic thinking, etc.;

e correction of the content of some topics of subjects with emphasis on personal
development, game teaching methods, value attitude to the issue under study;

e creation of pedagogical conditions for obtaining effective individual
experience of project activity and startup development (MemooduuyHi
pekomeHoauii ujoo0o pozsumky STEM-ocsimu).

A special form of end-to-end STEM training is integrated lessons/classes
aimed at establishing cross-curricular relationships that contribute to the
formation of students’ holistic, systemic outlook, actualization of personal
attitude to the issues addressed at the lesson.

Action Plan for STEM education development in Ukraine envisages that
STEM education in Ukrainian secondary schools must be provided in the
framework of the special STEM curriculum — a normative document that defines
the range of basic competences that students need to form in learning a particular
subject (discipline) and the system of knowledge and skills they need to acquire.

The curriculum contains: explanatory note, list of topics of study material,
recommendations on the number of hours for each topic, distribution of topics by
year of study and time allocated to study the whole course, the amount of
knowledge, skills and competences in the given discipline for each age category,
list of literature sources for students, guidelines and manuals for teachers, criteria
for assessing knowledge, skills and competences in each activity, etc.

The STEM program in Ukrainian schools should meet the following
criteria: relevance and innovative content; understandability of the program

9



[leparoriuni Hayku: Teopis, icTopis, iHHOBauilHi TexHoJorii, 2019, Ne 5 (89)

implementation process (what the students do, what conditions and
equipment are needed for effective implementation); methodology that allows
using the program in any education institution; achievement of educational and
upbringing pedagogical result and availability of tools for its measurement
(MemoouyHi pekomeHOauii ujo0o pozsumky STEM-oceimu).

According to the terms of implementation of STEM programs in Ukraine

are divided into:
e short-term (2—24 hours);
e coursework (for summer schools, courses, etc.) (24—-80 hours);
e medium-term (year) (80-120 hours);
¢ |long-term, continuing education (300—600 hours).
STEM programs are developed in the following areas:
e integrated, interdisciplinary curricula;
e robotics and engineering;
e “Smart devices” of the Internet of Things;
e 3D modeling (Mpoepamu STEM).

In the United States today, there are approximately 100 public schools
that specialize in STEM. The aforementioned schools create peer groups with a
common interest in STEM; learners master in-depth STEM content; students
are given the opportunity to engage in research and discovery; they can try
their hand at real STEM jobs; students are introduced to role models of STEM
careers. Such education institutions include charter schools, magnet schools,
boarding schools, as well as programs for the transfer of students from the
class in which they study to another during the school day in order to enrich
the curriculum (pull-out programs). More than 47,000 American schoolchildren
are educated in these institutions (Prepare and inspire...).

In Ukraine, in order to improve the quality of STEM educational services
MES of Ukraine initiated creation of STEM laboratories/centers that provide in-
depth, focused learning of profile subjects and acquisition of competences
necessary for further experimental, design, inventive activities.

The purpose of the STEM laboratory/center is to create organizational-
pedagogical conditions for advanced scientific and technical training of children
and youth in accordance with priority areas of science and technology
development; formation of competences that determine competitiveness of
the personality in the labor market. Accordingly, the STEM laboratory/center
must form STEM literacy of student youth, which characterizes the degree of
mastery of both interdisciplinary knowledge and skills in using multidisciplinary
approaches to solving practical problems.
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It should be stressed that the main problems in implementing STEM edu-
cation in Ukraine and creating STEM schools and laboratories/centers is ina-
dequate financing of education in general and STEM education in particular. One
more problem is lack of theoretical-methodological support of STEM educational
services provision and lack of qualified STEM specialists (teachers, experts, etc.).

Conclusions. The results of the conducted comparative analysis of
theoretical and content-procedural foundations of STEM education
development in the USA and Ukraine have confirmed that this field is a priority
direction of national education policy in both countries. To the similarities we
can also refer deep historical roots of STEM education in the USA and Ukraine,
where deep knowledge of STEM disciplines was considered to be the guaranty
of competitiveness at labor market. In both countries STEM education is
provided within the framework of formal and informal education. At the same
time USA have significant positive experience of STEM education provision and
sufficient financing of the field while Ukraine makes only first steps in this
direction and lacks adequate financing and theoretical-methodological support.

Taking into account the above mentioned the prospects for further
research are seen in the developing guidelines for STEM education
implementation in the secondary education institutions based on the positive
conceptual ideas of American experience.
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PE3KOME
boitueHko MapwuHa, boitueHKko Butanuin. STEM-obpasoBanue B CLLUA n YKkpauHe:
CpPaBHUTENbHbIA aHaNu3.
B cmamee nposedeH cpasHUMesbHbIl QHA/IU3 MEopPemuYeckux U Co0epHamesibHo-
npouedypHbix ocHos pazsumusa STEM-obpazosaHusa e CLLUA u YkpauHe. Packpeima npupoda
usyyaemoeo AsneHus. Oxapakmepu3osaHa HopmamusHasa 6a3a STEM-obpaszoseaHus 8 CLUA u

YKkpauHe. [okazaHo, ymo STEM-obpa3zosaHue f8a8emcsa rnpuopumemHsiM HArnpassieHUem
HayuoHasbHoU obpazosamesnbHol MoaumMuUKU 8 obeux cmpaHax. BeifaeneHsl obwue yepmeol u
pasauyus e npedocmassneHuu obpazosamensHoix STEM-ycnye e CLLA u YkpauHe. lNepcriekmusbi
danbHeliwux uccnedosaHuli sudsmcsa 8 paspabomke pyKkosoocme o eHedpeHuro STEM-
06pa3osaHuA 8 cpedHUX y4yebHbIx 3a8e0eHUsX, OCHOBAHHbIX HA MO3UMUBHbIX KOHUernmyasbHbIX
udesx aMepuKaHCKO20 ornbima.

Knroueevle cnoea: STEM-obpaszosaHue, o0apeHHble U manaHmsaugsle 0emu U
mosnooexcs, CLLUA, YKpauHa.

AHOTALIA

boitueHko MapuHa, bonueHko Bitanin. STEM-ocsita y CLUA Ta YKpaiHi: NOpiBHANBbHWIA
aHanis.

Y cmammi 30ilicHeHO nropieHANbHUU QHGMI3 Mmeopemu4yHux ma 3mMicmoeo-
npouecyasnbHUx 3acad po3sumky STEM-ocsimu. 3a 0ornomoz2oo meopemu4vHux memoodie
aHani3y, CUHMe3y, MOPIBHAHHS, Y3a2asbHEHHS, KOHKpemu3auii, Knacugikayii, cucmemamu3auyii
PO3KPUMO Npupody OKPEeCNeHo20 heHOMeHY. 3’AC08AHO, W0 mepmiH «STEM» € aKpoHimMoM, wjo
MO3HAYaE nepwi simepu MaKux HaBYasabHUX OUCUUNAIH, AK MpupodHuUYi HayKu (Science),
mexHosnoeii (Technology), iHxeHepHa cnpasa (Engineering) ma mamemamuka (Mathematics).

Pe3synomamu nposedeH020 MOPiBHANbHO20 QHAsI3Yy Meopemu4yHuUx ma 3mMicCmoeo-
npouedypHux 3acad pozsumky STEM-oceimu e CLLIA ma YkpaiHi 3aceidyusau, wo ys cepepa €
npiopumemHuM HANPAMOM HAYioHAAbHOI 0CBIMHbOI NoaimuKku 8 0b6ox KpaiHax. []o crinbHux
puc siOHeceHo enuboke icmopuyHe KopiHHA STEM-oceimu 6 CLIA ma YkpaiHi, Oe
GyHOameHmMasnbHi 3HAHHA 3i STEM-ducyunniH esaxanucA 3aropyKoto
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KOHKYPEeHmMoCnpoMoXHOCMIi Ha pUuHKy npayi. B obox kpainax STEM-oceima 3ab6e3nevyyemocsa
8 Mexax opmansHOi ma HegpopmansbHoOi ocsimu. 30Kpema, 8 3aKna0ax 3a2asbHOT
cepedHboi 0ceimu cmeoprotomeca epynu 00HOAIMKI8 3i cninbHUM iHmepecom 0o STEM; yyHi
onaHosytome noanubneHuli STEM-KOHmMeHmM; WKOAAPAM HAOQEMbLCA  MOMAUBICMb
3alimamuca 0ocniOHUYbKow OianbHicmo U pobumu 8i0KpUMMA; B0OHU MOXYMmb
cnpobysamu cebe Ha cnipasxcHix pobodyux micysax y 2anysi STEM; y4Hi 3Haliomaameca 3
ponvosumu moodenamu STEM-npodgpecil. BiomiHHUM y docnidxucysaHux KpaHax € me, wjo CLUA
maromes  3Ha4YHUU no3umusHuli 0ocsid opeaHizayii STEM-oceimu ma 0docmamHe
hiHaHcysaHHA 2any3i, moodi AK YKpaiHa pobumes nuwe nepwi KPOKU 8 UbOMY HAMPAMKY mad
He Mae 00CMamHb020 PiHaHCYB8AHHSA i meopemuKo-memo0o0s102i4H020 3a6e3rne4eHHs.

Ypaxosytouu suw,e3asHavyeHe, nepcrnekmusu nodanbwux 00CAiOHeHb 1oa42aroms y
po3pobui KepigHux npuHyunie wodo enposadxceHHs STEM-ocsimu 8 3aknadax 3020a1bHOI
cepedHbOI 0c8iMU HA OCHOBI MO3UMUBHUX KOHUENMYAsbHUX i0eli amepuKaHCbK020 00csiody.

Knwuoei cnoea: STEM-oceima, o60aposaHi i manaHosumi dimu ma monods, CLLUA,
YKpaiHa.
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Y cmammi 3’aco8aHo posb 0c8imu, 30Kpema 8uwoi, y Cycrnisibcmeai ma eKoOHOMIYi KpaiHu.
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suwoi ocsimu y KpaiHax €sponu. BusHa4eHo mooeni (iHaHCy8aHHA 3aKAadie suwoi ocsimu 3
OpieEHMAayier0 Ha NMPono3uyiro i Ha monum ma 8iOMiHHOCMI MiX HUMU. HasedeHO mexaHi3mu
po3nodiny 6s0K-2paHmis y KpaiHax €sponu. poaHanizo8aHo rnocayau ocgimu, y momy vucsni
8uwWoi, 30 Oxcepenamu ii onanamu 8 YKpaiHi ma deaKux KpaiHax €sponu.

Knwovosi cnoea: asmoHomis 3aknadie euwoi ocsimu, 6aokosuli epaHm,
nocmameliHuli  6100x#em, iHaHcyeaHHA euwoi oceimu, ¢opmu (MooanbHOCMI)
QiHAHCYBAHHA, Uinbose QiHAHCYB8AHHA.

MNocraHoBKa npobaemu. IHBecTULjii B Nt0ACbKMIA Kanitan, i ocobaneo B
MO/104b, € KNHOHOBMM NPIiOpUTETOM ANA KpaiH EBponelicbkoro Coto3y. Y A0oKy-
MeHTi nig HasBow «Reflection paper on the social dimension of Europe»
(AHaniTMYHM poKnag i3 couianbHoro Bumipy €sponu 2017 p.) (European
Commission, 2017) 3a3Haya€eTbCA, WO OCBiTa € OAHMM i3 UYMHHUKIB, AKi
BM3Ha4YaTUMyTb MalbyTHE cycninbCcTBa Ta eKOHOMIKK. OcCBiTa TaKOXK nepebyBae
B LeHTpi NMopaaky ageHHoro woao cranoro po3sutky OOH Ha nepioa ao 2030 p.
(United Nations, 2015), wo BwuainAae ocBiTy AK okpemy LUinb No4
«3abe3neyeHHs BCEOXOMN/OOYOI i cnpaBea/IMBOI AKICHOI OCBITU i 3a0X0OYEHHSA
MOXNMBOCTI HaBYaHHA BMPOAOBXK YCbOro KUTTA ans Bcix» (United Nations) i
MIiCTUTb 3aBAAHHA Yy Cchepi OCBITU B MeXKax HU3KM IHWKX LiNen, 30Kpema, y
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