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PREPARATION OF STEM TEACHERS IN THE USA AND UKRAINE:
COMPARATIVE STUDY OF TEACHERS TRAINING PROGRAMS

M. A. Boichenko*, A. A. Sbruieva*, V. V. Boichenko*™*

In the article a comparative analysis of STEM teachers training programs is conducted. In
order to identify similarities and differences in the provision of educational services to future
teachers of STEM disciplines in American and Ukrainian higher education institutions, an
analysis of educational-professional programs of US and Ukrainian universities, hosted on the
sites of designated education institutions is conducted. The results of a comparative analysis of
STEM teachers training programs in the United States and Ukraine have shown that this area is
a priority direction of the national educational policy in both countries. At the same time,
significant differences were found in the provision of educational services to future STEM
teachers, the main one being the absence of special teachers training programs in Ukrainian
higher education institutions that would teach STEM disciplines in an integrated way, while in
the United States for this purpose was created UTeach program, which allows students to gain
knowledge on an integrated STEM course teaching methodology and to develop relevant
competences. In Ukraine, future teachers may teach STEM subjects after obtaining a
bachelor's/ master's degree in one of STEM specialties (mathematics, physics, chemistry, biology,
etc.), while in the USA, a special STEM teachers training program provides only a bachelor's
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degree. Significant differences were found in the content of STEM teachers training programs,
which lie, first and foremost, in the in-depth study of STEM courses and teaching methods in US
higher education institutions as opposed to Ukrainian universities, where scientific-subject
training takes up less than a third of time planned in the framework of the educational-
professional program. Taking into account the above mentioned, the prospects for further
research are seen in developing guidelines for modernization of the content of STEM teachers
training programs based on an integrated approach, taking into account positive conceptual ideas
of the American experience.

Key words: STEM education, STEM teachers, STEM teachers training, STEM teachers training
programs, STEM courses, STEM disciplines, STEM curriculum, higher education institution, USA,
Ukraine.

INIA'OTOBKA STEM-YYHTEAIB ¥ CIIIA TA YKPAIHI: IIOPIBHSIABHE
OJOCAIOXEHHSI IIPOI'PAM IIPOPECIMHOI IIIAOTOBKH BUYHUTEAIB

M. A. BoiiueHkKko, A. A. CopyeBa, B. B. BoiiueHKo,

Y cmammi 30ilicHeHO nopi8HSANbHUL aHani3 npozpam npodpeciiinoi nidzomosku STEM-
yuumenig. 3 mMemor BUSIBNAEHHSL CNIIbHUX puUc ma 8iOMIHHOcmMel Y HAOAHHI OCBIMHIX NOCaY2
matibymuim yuumensm STEM-OucyunniiH 8 aMepurKaHcbKux ma YKpaiHCbKUX 3aKniadax 8uuioi
ocgimu 30iliCHEeHO aHAJ3 0C8IMHbO-npogpeciliHux npozpam yHieepcumemis CIIA ma YrKkpaiu,
PO3MiU4eHUX HA calimax O3HaueHux 3arxnadie oceimu. Pesynsmamu npoeedeHo20 NOpieHs/IbHO20
ananizy npoepam npogeciiinoi nivcecomosku STEM-yuumenig y CIIIA ma Ykpairi 3acgiouunu, uio
usl chepa € npiopumemHum HANPAMOM HAYIOHANLHOL 0C8IMHBOI nosimuku 8 000X KpaiHaxX.
Pazom i3 mum, euseneHo cymmesi BIOMIHHOCMI 8 HAOAHHI OC8IMHIX nocayz maibymuim
yuumensim STEM oucyunniH, 20108HOI0 3 SKUX € 8I0CYMHICMb 8 YKPAiHCbKUX 3aKNa0ax 8UuLoi
oceimu cneyialbHUxX npoezpam npogpeciliHoi nidzomosku euumenis, ski 6 eurxnadanu STEM-
JucyunniHu iHmezpogaro, mooi sk y CIIA 3 yiero Memorw CmMeOpeHO CheuialbHy npopamy
UTeach, wo 0dozgonsie cmydeHmam 3000ymu 3HOHHSL 3 MemMOOUKU SUKIAOAHHSL THMe2po8aHo20
STEM-kypcy ma cgopmysamu 6i0nogioHi KomnemeHmHocmi. B Yrpaini matibymHi euumeni
Mmoxxymoe euxkaadamu STEM-OucyunniHu nicas 3006ymms cmyneHss baxanaspa/mazicmpa 3
00Hiel 3i cneyianvHocmell STEM (mamemamura, gpizura, ximisi, 6ios02iss mowio), y moil uac sk y
CIIA cneuyianvHa npoepama nidzomosku STEM-yuumenie nepedbauae 3006ymmsi auuie cmyneHst
barxanaepa. BusieneHo 3HAUHI 8IOMIHHOCMI 8 3micmi npozpam npogpecitinoi nicdeomoeku STEM-
yuumenis, wo nossilearome, Hacamnepeo, Yy HAOAHHI nepesazu nozaaubnreHomy eusuerHHto STEM-
oucCyuniiH ma memoouku ix SUKNAAOAHHS 6 AMEPUKAHCbKUX 3aK1addx euwol oceimu Ha
npomugazy YyKpaiHCbKum 8UULOM, 0e HAYKo80-npeoMmemHa nid2omoska 3aiimae mMeHule mpemuHu
3aNnIaHOBAHO020  OCBIMHBLO-NPOGECIUIHOW NpPozpamord  uacy. Ypaxosyrwuu euuiesasHaueHe,
nepcnekmugu nooanibUWUX O0CNIOXKEeHb NoJasi2aroms Y pO3pobieHHI peKkomeHOauill ui000
MoOepHizauii amicmy npozpam npodgpeciiiHoi niceomosku guumesnia STEM-ducyunnin Ha 3acadax
iHMe2po8aHozo nioxody 3 YpPOAXYBAHHAM NO3UMUBHUX KOHUENMYAIbHUX 0ell amMepurKaHcbKozo
0ocsidy.

Knwuoei cnoea: STEM-oceima, STEM-yuumeni, npogeciiina nideomoska STEM-yuumenis,
npozpama npodgpeciiinoi nideomosku STEM-yuumenis, STEM-kypcu, STEM-oucyunninu, STEM-
Kypukyaym, saxnad suuioi oceimu, CIIA, YkpaiHa.

Introduction of the issue.
Recognition of STEM (Science,

STEM component in the educational
process at all stages (from preschool to

Technology, Engineering, Mathematics)
education as a priority area of the
education system development and
necessity of implementation of the

higher education institutions) causes
the problem of preparation of a new
generation of teachers, able to teach
integrated STEM subjects. Thus, there
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is a contradiction between the
requirements of the Ministry of
Education and Science of Ukraine for
active development of STEM areas both
in formal and informal education and
lack of qualified specialists, who have
got special training. In this context
relevant is the issue of modernization of
the system of teachers training, which
will prepare graduates, competitive at
modern labour market. At the same
time, such countries, as the USA,
Singapore, Finland, Australia,
Germany, etc. have significant
experience of training STEM teachers,
positive conceptual ideas of which can
be creatively implemented in the system
of Ukrainian higher education.

Current state of the issue.
Development of STEM education in
Ukraine and abroad has been the
subject of research of many domestic
scientists for more than ten years.
Different aspects of the phenomenon
under investigation 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,
I. Savchenko, S. Sioma, I. Slipukhina,
H. Skrypka and others.

The outline of unresolved issues
brought up in the article. At the same
time, the issue of preparation of STEM
teachers, despite its relevance in
conditions of modernization of the
system of education in the light of the
New Ukrainian School Concept, has not
been highlighted.

Aim of research is to compare STEM
teachers training programs of US and
Ukrainian universities.

The analysis of the problem is made
on the basis of fundamental and
applied research of the theorists and
practitioners of STEM education, in
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which considered problem is discussed
versatile and systemically.

In order to find out similarities and
differences in the studied countries we
have analyzed the websites of American
and Ukrainian universities which
provide information on STEM teachers
training programs.

In our study the following research
methods have been used: terminological
analysis — with the help of which the
essence of STEM education
phenomenon is defined; comparative
analysis — aimed at defining similarities
and differences in the content of STEM
teachers training programs in US and
Ukrainian universities.

Results and discussion. Conducting
comparative analysis of STEM teachers
training programs envisages definition
of the main concepts of research in a
comparative plane. In the English-
speaking discourse the term "STEM" is
an acronym for the first letters of such
disciplines as Science, Technology,
Engineering, and Mathematics. In
Ukraine, as well as in other countries of
Post-Soviet space, unfortunately, most
education theorists and practitioners
misunderstand the first constituent of
this concept, referring Science not to
Natural Sciences, as it is in the
English-speaking countries, but to
science as a whole. Nevertheless,
official glossary [1], developed by the
Institute of  Education Content
Modernization, emphasizes on the
meaning, proposed by the National
Science Foundation (NSF) and generally
used in the English-speaking countries.

Active introduction of the term STEM
in the sphere of education has led to
appearing of such related terms as
"STEM teachers", "STEM school",
"STEM classes", "STEM disciplines",
"STEM literacy", "STEM teaching and
learning", "STEM competencies and
skills", etc. All these terms are united
by the idea of understanding STEM as
an integrated phenomenon. We agree
with American scientists A. Glancy,
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T. Moore, S. Guzey, C. Mathis, K. Tank
and E. Siverling, that "this possibility
can lead to new "STEM" degrees,
certifications, endorsements, and
teacher PD, meaning specifically an
integrated approach to teaching STEM
[4].

It should be stressed, that the key
concept of our study — STEM teacher —
is understood similarly in the US and
Ukrainian educational and scientific
space. As it is noted in "Glossary of
STEM education terms and concepts"
[1], a teacher of STEM disciplines is a
motivated teacher, who teachers STEM
subjects on the basis of integrated and
interdisciplinary interaction with all
learning components, versatile creative
personality with knowledge and skills in
the theory of the subject and learning
technologies, aware in the field of ICT,
ready to undertake research activities,
able to re-think critically his experience
in the light of modern science.

In the USA STEM teachers are
trained at 46 universities in 22 states
and the District of Columbia in the
frames of UTeach program. US policy-
makers define UTeach as a unique

preparation of a secondary STEM

(Science, Technology, Engineering,
Mathematics) teacher.
First UTeach program was

implemented at The University of Texas
at Austin in 1997 as an "innovative way
to recruit undergraduate science,
technology, engineering, and
mathematics (STEM) majors and
prepare them to become teachers" [6].
In Ukraine, unfortunately, there are
no special programs for training STEM
teachers, as well as no integrated STEM
specialty. In these conditions the
function of STEM teachers fulfill mainly
the teachers of Natural Sciences,
Physics and Mathematics.
Consequently, specialists who will be
able to teach STEM subjects are trained
at pedagogical universities, academies
and classical universities in the
framework of the following specialties:
014.04 Secondary Education
(Mathematics), 014.08 Secondary
Education (Physics), 014.06 Secondary
Education (Chemistry), 014.07
Secondary  Education (Geography),
014.15 Secondary Education (Natural
Sciences), 014.05 Secondary Education

university-based program for (Biology and Human Health) (Tab. 1).
Table 1
Number of higher education institutions which train teachers in STEM
subjects

Specialty Number of HEIs
014.04 Secondary Education (Mathematics) 48
014.08 Secondary Education (Physics) 41
014.06 Secondary Education (Chemistry) 36
014.07 Secondary Education (Geography) 6
014.15 Secondary Education (Natural Sciences) 15
014.05 Secondary Education (Biology and Human Health) 26

63



Zhytomyr Ivan Franko State University Journal. Pedagogical Sciences. Vol. 3 (98)

BicHuk 2KumomupcobKko2o 0eprkasHo20 UHisepcumemy imeHi leana Pparka.
INedazoziuri Hayku. Bun. 3 (98)

Systematized by the authors on the
basis of information, available at the
website:
https://osvita.ua/vnz/quide/search-17-
0-0-151-0.html.

Unlike traditional teachers training
programs with majors in secondary
education/specific content areas
related to STEM, UTeach program is
aimed at obtaining simultaneously
bachelor’s degree in an integrated
STEM field and secondary teacher
certification. The duration of study is
four years. The distinctive feature of
UTeach program is compactness (in
general, the number of credits ranges
from 120 to 126), which is achieved by
reducing the number of required
education courses and eliminating a
small number of upper-division content
courses. UTeach  programs  offer
Bachelor of Science (BSc) degrees with

a Teaching Option, with majors in
Biology, Chemistry, Physics,
Mathematics, Computer Science, or

Engineering [3].

In Ukraine, training of bachelors is
provided in the frames of the Law of
Ukraine on "Higher education", which
states that "Bachelor’s degree is an

educational degree obtained at the first
level of higher education and awarded
by a higher education institution as a
result of successful completion of an
program by
the applicant for higher education, the
is 180-240 ECTS
credits" [2]. Consequently, all future
Ukrainian STEM teachers have to fulfill
similar requirements in order to obtain
their first (bachelor’s) degree. Like in
the USA, the duration of study for this

educational-professional

volume of which

degree is four years (Tab. 2).

The main difference from Ukrainian
and the main advantage of American

STEM teachers training program
integrated STEM content,
current research both in STEM
general and STEM education

particular. Future STEM teachers have
an opportunity to learn about STEM
history

field knowledge development,
and philosophy of science
mathematics and

contrary,

learn only historical aspects

development of the field of knowledge

(discipline) they are major in.

Table 2

Comparative characteristics of provision of STEM teachers training
programs in the USA and Ukraine

USA

Ukraine

Programs

Special STEM teachers training
programs (Uteach)

No special STEM teachers training programs

Teachers training programs in specialties:
014.04 Secondary Education (Mathematics),

014 Secondary Education (Physics), 014.06
Secondary Education (Chemistry), 014.07
Secondary Education (Geography), 014.15
Secondary Education (Natural Sciences),
014.05 Secondary Education (Biology and
Human Health)
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domain-specific
student learning. In Ukraine, on the
future STEM teachers can
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Range

46 universities in 22 states and the
District of Columbia (bachelor’s
degree)

2 universities (Tufts University,
Montana state university)

Pedagogical universities, academies and
classical universities. Number varies
according to specialties (Table 1)

Degrees/terms/credits

Bachelor of Science (BSc) degrees
with a Teaching Option, with majors
in biology, chemistry, physics,
mathematics, computer science, or
engineering / 4 years / 120-126
credits)

Master of Science (MSc) / Master of
Arts (MA) / 2-3 years — full-time, up
to 6 years - part-time / 30 credits

Bachelor’s degrees (with majors in the listed

above specialties) / 4 years / 180-240
credits ECTS

Master’s degrees / 1,5-2 years / 120 credits

Besides, in every UTeach program
course, instruction emphasizes the
underlying connections between
mathematics and science, as well as
among the sciences, taking into
account the similarities and differences
in teaching and learning each of them.
Furthermore, students from the various
STEM majors take UTeach courses
together and are encouraged to
collaborate = whenever possible. In
Ukraine, mathematics and science are
traditionally separated and training of

Mathematics teachers and Science
teachers is provided at different
departments. Thus, in current

conditions there are no opportunities
for collaboration of future STEM
teachers majoring in mathematics and
science. But the worst is the situation
with such constituent of STEM as
Engineering, since engineers are
trained at technical/classical
universities, which do not collaborate
with pedagogical ones. At the same
time, students of pedagogical
universities do not receive information
in the field of engineering.

In the framework of comparative
analysis of STEM teachers training
programs in the USA and Ukraine we’d
like to pay special attention to the
curriculum. The curriculum of STEM
teachers’ preparation in Ukrainian HEIs
differs significantly from US one. First
of all, the number of credits in
Ukrainian universities is twice more
than in American HEIs, accordingly, the
number of disciplines in US universities
is much smaller. At the same time, in
spite of general similarities in
curriculum design, there are some
differences in the number and content
of courses, provided by Ukrainian and
US universities, which can be explained
by decentralization of higher education
(traditional for USA and modern trend
for Ukraine), and as a result, autonomy
of the universities in both countries.

In Ukraine STEM teachers training
curriculum consists of compulsory
subjects (75 %) and disciplines of free
choice of the student (25 %). Both
compulsory subjects and disciplines of
free choice of the student are divided
into two sections: I. General training
cycle, which includes: 1) humanitarian
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training and 2) fundamental training;
II. Professional training cycle, which
includes: 1) psychological-pedagogical
training and 2) scientific-subject
training. Curriculum also envisages
teaching practice, coursework, and
certification.

It should be noted that STEM
teachers  training  curriculum  of
Ukrainian universities includes a lot of
subjects which are not always
connected directly with student’s major.
UTeach curriculum, on the contrary,
consists of a sequence of tightly
articulated courses. Instead of separate
courses on important topics (e.g.
instructional technology, assessment,
and equity and special populations
(gifted, twice exceptional, students with
disabilities and so on)), which are
proposed by STEM teachers training
curriculum in Ukrainian universities, in
the US wuniversities these topics are
embedded in all UTeach courses.

UTeach curriculum includes the
following groups of courses:

e UTeach Recruitment Courses -
designed to encourage STEM majors to
"try out teaching". These courses are
arranged in two steps: Step 1: Inquiry
Approaches to Teaching and Step 2:
Inquiry-Based Lesson Design;

e UTeach STEM Education
Courses - are based on current
research in teaching and learning
specifically within the STEM domains;

e UTeach STEM Content Courses —
are generally taken concurrently with
STEM education courses and are
designed to fulfill multiple degree
requirements while emphasizing
content of particular importance to
secondary math and science teachers;

e Apprentice Teaching - this
course consists of a semester-long
teaching experience and a seminar that
provides a culminating opportunity for
students to demonstrate proficiencies
required for certification and acquiring
experience and confidence needed for
their first teaching positions;
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e Portfolio - students provide
evidence through the portfolio that they
are proficient across a number of
criteria ranging from subject-matter
knowledge to effective instructional
design and classroom management.
Along with proficiencies required during
the final Apprentice Teaching
experience, this collection of evidence
must satisfy minimum criteria in order
for a student to be eligible for
certification. A preliminary portfolio
requires students to satisfactorily
address a subset of the final portfolio
criteria in order to be admitted into
Apprentice Teaching [3].

In this context it should be stressed
that future Ukrainian STEM teachers
while obtaining their first (bachelor’s)
degree have the opportunity to observe
teachers at work (educational teaching
practice, 2 year of study) and get
teaching experience at schools (during
8 weeks of teaching practice, 4 year of
study). The results of teaching practice
are assessed according to students’
documentation (portfolio, journals of
practice, etc.).

In order to become a teacher (and
STEM teacher in particular) in both
countries bachelor’s degree is enough.
But in Ukraine traditionally most
students get second — master’s degree.
This fact explains wide offer of master’s
degree programs of Ukrainian
universities, which cover all the above
mentioned STEM specialties (Tab. 1).
Curriculum of  master’s degree
programs consists of the same
components as in bachelor’s degree
programs, namely: compulsory subjects
and disciplines of free choice of the
student. These sections are also divided
into general training cycle and
professional training cycle.

In the USA, the percentage of
students, who obtain master’s degree,
compared to Ukraine, is smaller.
Furthermore, UTeach program is
specially designed for bachelors and
does not include masters training.
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Nevertheless, some US universities offer
masters programs for future STEM
teachers. With the help of searching
system masterstudies.com
(https:/ /www.masterstudies.com/MSc/
STEM-Education) we have found three
masters programs in STEM education,
provided by two education institutions:
Tufts University (Master of Arts in
Elementary STEM Education and
Master of Science in Science,
Technology, Engineering and Math
(STEM) Education) and Montana state
university (Master of Science in Science
Education).

In the frames of our study we’d like
to focus on Tufts University Master of
Science in Science, Technology,
Engineering and Math (STEM)
Education program. MSc in STEM
Education program is aimed at
preparing educators to work in formal
and informal STEM education settings,
in particular schools, research centers,
museums, industry, cultural
institutions, and community agencies.
It also prepares future candidates for
PhD programs.

MSc program admits candidates with
bachelor’s degree in Mathematics,
Biology, Chemistry, Physics,
Technology, Engineering, Education,
Psychology, Child development,
Cognitive science, and other related
areas. Candidates without BA/BSc in
Mathematics, Sciences, or Engineering
should take additional graduate level
courses. The maximum time limit for
completion of this program for full-time
students is three years.

Having entered into MSc in STEM
Education program of Tufts University,
each student is assigned two program
advisors, one from the Departments of
Education or Child Development and
another from the Mathematics,
Sciences, or Engineering Departments.
The program advisors assist the
student in making choices regarding
courses, content area, internships, and
research activities. The choice is

determined by an evaluation of each
student’s needs in terms of
understanding: Mathematics, Science,
or Engineering content knowledge;
socio-cultural foundations of education;
theory and research on human
development and learning in different
content areas; specific knowledge
directly related to the development of
the MS thesis, project, research, or
internship [5].

Conclusions and research
perspectives. Comparative analysis of
STEM teachers training programs of US
and Ukrainian universities has allowed
making a conclusion on similarities and
differences of education services
provision in the studied countries. The
main difference is that in Ukraine there
are no special programs for preparation
of STEM teachers while in the USA
there is a specially designed program
UTeach, implemented in 46
universities. In Ukraine, teachers, who
can teach STEM subjects, major in
mathematics, physics, chemistry,
geography, natural sciences, biology,
etc. At the same time Ukrainian HEIs
offer teachers training programs both of
bachelor’s and master’s levels in the
mentioned above specialties, while in
the USA most programs provide
bachelor’s degree only. Important in
conditions of modernization of domestic
system of higher education is analysis
of curriculum of STEM teachers
training, which differs significantly from
Ukrainian one and is aimed at
obtaining knowledge and skills of
teaching integrated STEM subjects,
because new Ukrainian school needs
just such teachers. In this context the
prospects for further research are seen
in the outlining positive conceptual
ideas of American experience of
implementing of STEM  teachers
training programs and designing
curriculum, which can be creatively
implemented in Ukrainian higher
education institutions.
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