[leparoriyHi Hayku: Teopid, icTopis, iHHOBauiiHI TexHoJorii, 2020, N2 9 (103)

PO34I/1 V. NIPOBNEMMU NOPIBHANIbHOI NEAATOTKU

UDC 373.5.01/.09:[62+004.94+001]](73)(043.3)

Vitalii Boichenko

Sumy State Pedagogical University

named after A.S. Makarenko

ORCID ID 0000-0001-9098-0185

DOI 10.24139/2312-5993/2020.09/425-433

CONTENT-PROCEDURAL FOUNDATIONS OF STEM EDUCATION IN THE USA

The article reveals content-procedural foundations of STEM education in the USA. On
the basis of using a number of theoretical research methods (analysis, synthesis,
generalization, comparison) the essence of the studied phenomenon was revealed. The types
of high schools, that provide educational services in the field of STEM, are characterized,
namely: selective schools, which admit gifted students who have outstanding abilities in the
field of STEM; inclusive schools that serve students from all backgrounds, targeting low-
income youth, minorities and other traditionally under-represented categories of student
youth; STEM-Focused Career and Technical Education (CTE) Schools, which help a wide range
of high school students gain insight into the practical application of knowledge in STEM
disciplines and prepare for work in the field of STEM.

Key words: STEM education, STEM schools, selective schools, inclusive schools,
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Introduction. Recently, development of STEM education has become a
priority of the national educational policy of Ukraine, which is proved by the
provisions of such normative documents as “Action Plan on introducing STEM
education in Ukraine for 2016-2018” (2016), “The concept of Science and
Mathematics Education (STEM Education) development” (2020) and so on.
These documents emphasize the necessity of providing STEM education
services in all types of education institutions. In order to solve this task, it is
expedient to study best international practices, in particular the USA as one of
the leaders in this field.

Analysis of relevant research. Different aspects of STEM education have
been revealed in the studies of native and foreign researchers. Among
Ukrainian scientists deserve attention the works 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,
S. Podliesnyi, |. Savchenko, A. Sbruieva, S. Sioma, |. Slipukhina, H. Skrypka,
O. Stryzhak, O. Tarasov, V. Zaiarna and others.

Literature review on the issue of STEM education have shown that
Ukrainian scientific discourse lacks studies focused specifically on content-
procedural foundations of STEM education in the USA. In view of this, the
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article is aimed at revealing content-procedural foundations of STEM education
in the USA.

To achieve the goal, the following research methods have been used:
theoretical — analysis, synthesis, generalization, comparison — to reveal the
essence of the studied phenomenon; structural-logical method — to highlight
the current trends in STEM education services provisions.

Research results. Considering the content-procedural foundations of
STEM education in high school in the United States, we’d like to note that the
vast majority of American high school students receive STEM education in
traditional public high schools. Along with general secondary schools, the
number of such STEM education service providers as specialized STEM schools
is growing. These education institutions usually offer a more in-depth STEM
curriculum, more qualified STEM teachers, more time to teach STEM subjects
and more resources than traditional high schools. Despite the fact that the
share of specialized STEM schools is still insignificant among all public general
secondary education institutions in the United States, such institutions not only
perform better than traditional schools; they can also serve as a model for
schools seeking improvement.

According to a study conducted with the financial support of the National
Science Foundation, there are three categories of STEM-oriented schools in the
United States, namely:

e selective schools, which admit gifted students who have outstanding
abilities in the field of STEM;

e inclusive schools that serve students from all backgrounds, targeting
low-income youth, minorities and other traditionally under-represented
categories of student youth;

e STEM-Focused Career and Technical Education (CTE) Schools, which
help a wide range of high school students gain insight into the practical
application of knowledge in STEM disciplines and prepare for work in the field
of STEM.

Below we’ll consider content and procedural foundations of functioning
of the above institutions in more detail.

Selective schools. This type of education institutions attracts the most
talented students in the field of STEM. To enter these small elite public schools,
children must pass a written exam. One of the most outstanding selective
schools is Stuyvesant High School (New York), whose graduates include four
Nobel Prize winners and numerous STEM leaders.
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There are now about 90 selective STEM public high schools in the United
States, most of which were established after publication in 1983 of the historic
Nation at Risk report. By focusing on one or more STEM disciplines, selective
schools aim to prepare gifted students to enter prestigious STEM institutions of
higher education and build successful STEM careers in the future. Selective
schools usually involve experienced highly qualified STEM teachers, work on
specially designed curricula, have access to high-tech laboratory equipment
and the opportunity to undergo research under the guidance of renowned
scientists in the field of STEM.

Most selective public STEM schools are located in cities and attract the
best students from across the school district. Fifteen states offer boarding
schools that host talented students from across the state. In some states, such
as Virginia and Michigan, low-income students from rural areas are transported
by special bus to regional centers (Means et al., 2008).

One more example of an effective selective high school is the lllinois
Mathematics and Science Academy (IMSA), which ranks second in the US schools
ranking. The state pays for tuition and most of the expenses of students at the
lllinois Academy of Mathematics and Science, which offers an internationally
recognized three-year residential program for students in grades 10-12.
Requirements for admission to this education institution are high and include
testing in Mathematics, Science and English; high grades during previous academic
years; letters of recommendation; increased demonstrated interest in STEM
disciplines and the potential for significant contribution to the STEM industry.

The mission of the institution is to nurture creative, ethical and scientific
potential of talented students. The mission is concretized in the belief that “all
people have equal intrinsic value; all people have a choice and are responsible
for their actions; belonging to the community requires a commitment to the
common good; diverse perspectives enrich understanding and inspire discovery
and creativity; honesty, trust and respect are vital for the development of any
relationship; learning never ends; the meaning is constructed by the student;
no person’s way of life is predetermined; the ability to distinguish and make
connections is the essence of understanding; we are all responsible for our
planet and we can significantly improve life on our planet” (/llinois
Mathematics and Science Academy (IMSA)).

650 students of this high school study according to the individual
curricula that take into account their interests and future goals. The central
element of the curriculum is research, in the process of which students work
together with each other and with scientists from around the world. Many
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students publish the results of their research in scientific journals and speak at
scientific conferences.

According to the institution’s website (https://www.imsa.edu/discover-
imsa/profile-mission-beliefs/), more than 99 % of the 4,350 IMSA graduates
since 1985 have enrolled in higher education institutions. Nearly two-thirds
have a degree in Math or Science — far more than the total number of
American high school graduates, and more than four times the average for
girls. Graduates of the lllinois Academy of Mathematics and Science are leading
researchers, engineers, educators, and entrepreneurs (/llinois Mathematics and
Science Academy (IMSA)).

According to research, it is specialized STEM schools that train future
specialists in this field. After all, their graduates study in higher education
institutions in STEM specialties almost 50 % more often than graduates of

other general secondary education institutions. Compared to the national
average, almost 20 % more graduates of selective STEM schools receive a
degree in STEM within four years of graduating from high school.

Researchers explain the above facts by a number of reasons:
mathematically and scientifically gifted students are more likely to enter STEM
higher education institutions if they are offered higher-level curricula, highly
qualified teaching, and peer encouragement. Participation in original research
is perhaps the most powerful tool, especially for young women. Internships and
mentoring play an important role. Although no single factor can have a
profound impact, curricula that combine these factors can open up further
prospects for high school students in the field of STEM.

However, according to R. Subotnik, student youth who attend specialized
STEM schools not because of a deep interest in STEM, but for other reasons, in
most cases do not receive STEM degrees (Subotnik, 2011). Researchers also
emphasize the importance of early involvement in the study of STEM disciplines,
which increases the chances of choosing a future profession in the field of STEM.

Inclusive schools. Despite the fact that selective STEM schools play an
important role in the development of gifted students, in American society there
is @ growing interest in expanding intensive STEM education for the general
population. This role is played by inclusive STEM schools, which are open to all.
These education institutions seek to provide the same educational experience
as selective schools but involve in the STEM field young people from low-
income families and under-represented groups of population.

Based on the idea that giftedness in Mathematics and Science can be
developed (instead of the previously held view that mathematical and scientific
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abilities are innate, i.e. a person either has them or not), inclusive schools tend
to select students by lottery and provide support to those with less academic
experience. Tutoring, counseling and other services help prepare students for
entering higher education institutions in STEM specialties.

A number of states are creating innovative educational networks to
encourage creation of inclusive STEM schools and exchange of best practices
between these institutions and with traditional public schools. For example, at
the initiative of the T-STEM innovation network (Texas), more than 50
secondary schools have been opened since 2006. The Ohio STEM Learning
Network has helped create 10 inclusive STEM schools in different economic
regions of the state. The experience of this innovative educational network is
also implemented by the states of California, New York and North Carolina.

Given the innovativeness of the studied education institutions, we
consider it appropriate to provide a definition of inclusive STEM high school
(ISHS), proposed by a group of scientists led by B. Means (Means, 2016).
Researchers interpret an inclusive STEM high school as an education institution
that accepts students based on their interests rather than abilities or past
achievements and provides all students with the opportunity to study
Mathematics and Science in depth, as opposed to regular high schools, in order
to prepare them for further study in higher education institutions in this field.
ISHS enrolls students on the basis of application, it does not require high scores
to enter such a school. These schools are designed to develop students’ STEM
competences, rather than select gifted students in the field of STEM.

An example of an inclusive school is Delta High School, Washington. With
the help of local business leaders, the school opened in 2009, enrolling about 100
high school students selected through a lottery. The Delta High School contingent
reflects the demographics of Kennewick, Richland and Pasco. Already in the fall of
2012, 400 students were studying in grades 9-12 of this institution.

Delta High School became one of the state’s first STEM-oriented schools
and a pilot project of the Washington State STEM Education Foundation.
Funding comes from each of the three school districts and is complemented by
grants from the foundation and many other partners, including the Battelle
Research Institute, the University of Washington and Columbia Basin College,
which provides learning space on its campus.

The central element of the Delta High School curriculum is the
combination of Science, Technology, Engineering, Mathematics and Humanities
in the process of practical problem-based learning. The curriculum includes 90-
minute classes, counseling on learning and admission to higher education
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institutions, career guidance for STEM professionals, internships, supervision of
STEM professionals in the workplace and seminars for senior students. The
education institution emphasizes the need to provide personalized educational
services, especially individual interaction of students and teachers, taking into
account the strengths and interests of students and implementation of careful
monitoring of their performance.

It should be noted that studies on the effectiveness of inclusive STEM
schools are still being conducted, although the results of testing that have been
already obtained in several states show some positive effects. For example,
Texas High School STEM (T-STEM) students get higher in state Math and
Science tests, miss fewer classes, and choose higher-level courses than their
peers compared to high schools of the same state (Young et al., 2011).

We also consider it appropriate to refer to the characteristics of inclusive
STEM schools, obtained as a result of quantitative research conducted by
American scientists. In particular, the researchers have found that inclusive
STEM schools, compared to selective schools, serve more African Americans,
Hispanics and low-income students. Moreover, inclusive schools offer a higher
level of personalization through strategies such as “assigning” teachers to the
same students for several years and assigning professional mentors to students
who reflect their race and ethnicity.

Noteworthy is the study of the effectiveness of inclusive high schools
(Means, 2016), conducted in 20 education institutions in seven states (Ohio (4),
Texas (4), Washington (4), California (3), North Carolina (2), Tennessee (2), New
York (1)), on the basis of which the authors identified eight key elements of
these institutions, which included:

- basic (related to learning and not related learning);

- auxiliary.

Elements related to learning include pedagogical strategies and students’
achievement of academic goals. Elements not related to learning include
students’ social and emotional well-being, as well as improvement of the STEM
education system outside the school. Auxiliary elements include strategies and
external factors that support the main elements (see Fig. 1).

STEM-Focused Career and Technical Education (CTE) Schools provide
training to students within the practice-oriented programs for technologically
experienced workers. In this context, it should be noted that in modern
conditions it is difficult to draw a clear line between STEM-oriented vocational
schools and other STEM education programs, as almost all vocational education
institutions are to some extent related to STEM industries.
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Fig. 1. Key elements of inclusive STEM schools

STEM disciplines can be included in any model of vocational education
organization, including regional vocational centers, vocational secondary
schools or career academies in senior secondary schools.

A striking example of a STEM-oriented vocational school is Sussex Technical
High School (Delaware). Founded in 1961 as a part-time school, Sussex Technical
High School now serves more than 1,300 full-time students, that have been
admitted by lottery. Almost a third of students come from low-income families.
Among its achievements, the institution has the highest rating in the country —
“the best school” — based on the results of tests in Mathematics, Reading, Science
and Social Sciences. It is also important to note that 98 % of students graduate
from high school (Delaware Department of Education).

The school provides a comprehensive educational program that
combines technical education with basic academic courses and is called
“techademia”. Each student receives educational services in one of 15 technical
fields that meet local business needs (automotive technology,
healthcare/service technology, communications/information technology,
industrial/engineering technology, etc.).

During the first year of study, the students of the above-mentioned high
school study the basic academic courses and get acquainted with various technical
fields in order to choose a future profession. Then students choose one curriculum
for grades 10-12. In the graduating class, students participate in an “exhibition of
skills” in the field of STEM, for which everyone creates an important technical
product, prepares a research paper and makes an official presentation, which is
evaluated by administration, teachers and business/industry representatives.
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Students also have many opportunities to study in the workplace in their chosen
profession (Delaware Department of Education).

Conclusions and prospects for further research. Summarizing the above
mentioned we’d like to conclude, that in the USA there are wide opportunities
for high school students to study STEM disciplines. Furthermore, STEM is no
longer the field for elite — recently there have been created inclusive schools
for under-represented categories of student youth: low-income families,
minorities, girls and so on. STEM services provision takes into account,
primarily, interest in STEM, not high scores. Positive experience of creating
STEM high schools should be implemented in Ukraine in conditions of further
realization of the Concept of the New Ukrainian School and creating profile
high school. One more important conceptual idea of U.S. experience is
popularization of STEM education and STEM careers among schoolchildren and
creating the opportunities for their self-realization in this field.

The prospects for further research are seen in the study of the effective
forms and methods of STEM education, which are used in the American STEM
high schools.
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PE3IOME

boiueHKo Butanuii. CoaeprkatenbHo-npoueccyanbHble ocHoBbl STEM-06pa3oBaHus
B CLLIA.

B cmamee packpeisaromca codepramesibHO-NPoyeccyanbHele 0cHo8bl STEM-
obpaszosaHua e CLUA. Ha ocHose ucrnonb308aHUA pAOad meopemuveckux memooos
uccnedosaHusa (aHanu3, cuHmMe3, ob6obuwjeHue, CcpasHeHUe) PACKPbLIMA CYUHOCMb
usyyaemoz2o AeseHUA. OXapaKkmepu3osaHsl Mursl WKO/A, Komopsle npedocmasnarom
obpazosamernsbHble ycayau 8 obaacmu STEM, a UMEHHO: cesieKmUBHbIE WKO/bl, 8 KOMOPbIX
obyuaromca o0apeHHble y4eHUKU, obnaadaruue 8bidarWUMUCS crnocobHocmamu 8
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obnacmu STEM; UHKAIO3UBHbIE WKO/bI, KOMOpble 06CAyMHUBAOM yYauwUXCca-8biXxo0yes U3
8CeX Cf1I0e8 HAceneHUs U OPUEHMUPOBAHbI HA MOA00eHb C HU3KUMU 0oxo0amu,
MeHbWUHCMBa u Opyaue mpaduyUoHHO HeOOCMAamoOYHO MpPedcmassneHHble Kamez20puu
yyeHU4YecKoli Mosao0excu; WKOosbl MpogeccUoHAsIbHO20 U MEeXHUYEeCKo2o 06pa308aHus,
opueHmupogaHHele Ha STEM, Komopbie nomoz2arom WUPOKOMY Kpy2y CmapuieKaacCHUKo8
noay4ums rnpeodcmassneHuUe o MPAKMuUYecKom rnpumMmeHeHuu 3HaHul no STEM-ducyunauHam
u nodzomosumecsa K pabome 6 ob6aacmu STEM.

Knroueevle cnosa: STEM-obpazosaHue, STEM-WKoAbI, CeAEKMUBHbIE WKOAbI,
UHK/1H03UBHbIE WKO/1bl, MPOGECCUOHANbHbIE WKObI, CLLA.

AHOTAUIA

BoiueHKo Bitaniii. 3mictoBo-npouecyanbHi 3acagmn STEM-ocsitn 8 CLUA.

Cmammasa po3Kpuede 3mMicmoeHo-npouyecyansHi 3acadu STEM-oceimu e CLLA. Ha
OCHO8i BUKOPUCMAHHA HU3KU meopemuyHux memodie 00CniOxmeHHA (aHanis, cuHmes,
y302as1bHEHHA, TMOPIBHAHHA) 6ya0 pPO3KPUMO CymHicmb 00CAIOHY8aHO20 (heHOMEHY.
Cxapakmepu3o08aHO Murnu cepedHboi WKOAU, AKI HA0aomes oceimHi nocayau 8 2any3si STEM,
a came: ceneKMUBHI WKOU, Wo npulimaroms Ha HOBYAHHA 060apPOBAHUX YYHI8, AKI MaoMb
8U3HAYHI 30i6HOCMI 8 2anay3i STEM; iHKAKO3UBHI WKOU, W0 06Cy208yt0me y4YHig-suxioyis i3
yCiXx 8epcme HaceseHHs, OPIEHMOBAHI HA YYHIBCbKY MOs00b i3 HU3bKUM pieHeM 00x00Y,
MeHWUHU ma iHWi mpaduyiliHo He0oCMamHbO pernpe3eHMos8aHi Kamez20pii, WKoAu Kap’epu
ma mexHiyHoi oceimu, opieHmosaHi Ha STEM, wo oOonomazaromes WUPOKOMY KOy
CMApWOoKAACHUKIB O0mMpuMamu yAeneHHA NpPo NMPAKMuU4YHe 3aCmocy8aHHA 3HAHb 3i STEM-
ducyunaid ma nidecomysamucs 0o malibymHeoi npogeciliHoi disnbHocmi 8 2any3i STEM.

Ha ocHogi aHanizy disnbHocmi oKkpecneHux STEM-wkKin 3pobsieHO 8UCHOBOK, WO 8
CLUA € wupoKi moxcausocmi 0414 cmapWwoKAacHUKI8 wodo susyeHHAa STEM-Oucuunnid. Kpim
moeo, STEM binbwe He € npepo2amusoro enimu, W0 yHA0YHUMOCA 8 HeU,00a8HO CMBOPEHUX
IHKAKO3UBHUX WKOAAGX 0414 He00CMAaMHbO Pernpe3eHmMosaHux Kamezopili cmyoeHmCcoKoi
Mos100i 8 eanysi STEM: mano3abesneyeHux cimell, MeHWUH, disuam ma iH. [1i0 yac HaOaHHA
STEM-nocnye ypaxosyemocs, Hacamnepeod, HasasHicmes iHmepecy 0o STEM, a He sucoki 6anu.
HazonoweHo, wo nozumusHuli 0oceid cmeopeHHA cmapuiux cepedHix STEM-wkKin mae 6ymu
enposadxceHull 8 YKpaiHi 8 ymosax nodansvwoi peanizauii KoHyenyii Hosoi yKpaiHCbKOi
WKOAU mMa CmeopeHHA npoginbHoi cmapuwoi cepedHboi WKoAu. He meHW 8axausor
KOHUenmyaneHoto ideeto docesidy CLUA € nonynapusayis STEM-oceimu ma STEM-kap’epu
cepeod WKosApie ma cmeopeHHA Moxcaugocmeli 041 ix camopeanizauii 8 yiti 2any3i.

Mepcnekmueu nodanbWux HAYKOBUX PO38I0OK 86AQYAEMO y BUBYEHHI eheKmuBHUX
¢opm ma memodie STEM-oceimu, fAKi 3acmocosyromecs 8 aMEpPUKAHCbKUX CMapuiux
cepeodHix wkonax STEM.

Knaruoei cnosa: STEM-oceima, STEM-wKonu, 8ubipKosi WKOAU, iHKAO3UBHI WKOAU,
npogpeciliHo-mexHiuHi wikonu, CLUA.
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