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AHoTanida. CTaTTio NIPUCBAYEHO JOC/IIPKEHHIO iHTerpanii KOpiHHUX Hapo/JiB y CUCTEMY
STEM-ocBiTu Cnosny4yeHux llTaTiB AMEpUKH Y KOHTEKCTi iCTOPUYHOTO PO3BUTKY, OCBITHIX
nporpaM Ta Cy4yaCHHUX BUKJIUKIB. AKTyaJIbHICTb [AOCJi[KeHHS 3yMOBJIeHAa HeoOXiJHiCTIO
pPO3LIMPEHHA y4acTi HeJOCTAaTHbO IMpeJCTaBJeHUX COLIaJIbHUX TPyl y Trajly3sax HAyKH,
TEXHOJIOTIH, iHKeHepii Ta MaTeMaTHUKH, a TAKOX 3pOCTAaHHAM yBaru |0 iIHKJII3UBHUX MOJieJlen
STEM-ocBiTH y cyyacHOMY OCBITHbOMY IIPOCTOPI.

MeTow CTaTTi € KOMIJIEKCHUM iCTOPUKO-NeJaroriyHUui aHasi3 mpolecy iHTerparii
KOpiHHMX aMepuKaHLiB y STEM-ocBiTy, BM3HaueHHS OCHOBHHUX eTaliB iI PO3BUTKY,
JOCJIIPKEeHHA OCBITHIX NporpaM NiATPUMKHU Ta y3araJbHeHHA Cy4YaCHUX HAYKOBUX MiIX0AiB 10
pO3LIMpeHHs y4acTi MpeACTaBHUKIB KOpiHHUX HapoAiB y STEM-ranyssx. MeTopmoJsioriyny
OCHOBY J0CJIi/P)KEHHSI CTAHOBJIAATh iICTOPUKO-NeJJarOTiYHUN, MOPiBHAJIBHUHN, aHAJITUYHUM Ta
6i6/1ioMeTpUYHUN MeTO/ M, 10 J03BOJIMJIM CUCTEMATU3yBaTU HAYKOBI JKepeJa, BUSHAYUTHU
KJIFOYOBI HAalIPAMU JOCJIiJpKEeHb | IpoaHa/i3yBaTU €BOJIIOLiI0 OCBITHIX IPAKTUK

Y po60Ti npoaHa/i30BaHO iCTOPUYHI eTanu po3BUTKY STEM-ocBiTH KOpiHHMX HapoZiB
CIOA Bix mepiogy ob6MexeHoro foctymy A0 ocBiTH y XIX-XX cToqiTTi A0 cydyacHOro eramy
AKTHMBHOTO BIIPOBA/PKEHHA IHK/IIO3UBHUX OCBITHIX TporpamM. BcTaHOBJIEHO, 1110 BaXKJIUBY POJIb
y po3BUTKY STEM-oCBiTHM /11 KOpPIHHMX aMepHKaHLIB BiJirpaloTh Jep>KaBHI Ta HAyKOBI
IHCTUTYL], AKI peani3ylOTh creniaji3oBaHi OCBITHI Ta AOCAIAHULBKI porpamMyu NiATPUMKH
CTYZleHTIiB KOpPiHHUX HapoAiB. 3HaUHUMU BHecOK y mifarotoBky STEM-daxiBuiB 3AilCHIOIOTH
IJIEMiHHI YHIBEpCUTETH, JIAJIbHICTh AKUX CIIPAMOBAHA HAa MO€EAHAHHA aKaJleMi4yHOI OCBITH 3
KyJIbTYPHO OPIEHTOBAHUMH OCBITHIMMU IiJX0aMHU.

Pe3ysbTaTy 6i671i0MeTPUYHOTO aHa/i3y HAayKOBUX MyOJIiKalliid 3acBifYU/IM 3POCTAHHSA
iHTepecy focaifHUKIB 0 npo6seMu STEM-ocBiTH kopiHHMX HapogiB CIIA y XXI cToaiTTi, a
Takok (GOpPMyBaHHSI OKPEMOTO MiXJUCLUIIIHAPHOTO HaNpsMy AO0C/aiJKeHb. BH3HaueHO
KJIIOYOBI TeMM CydacHUX JOC/IipKeHb, cepeJ; AKUX po3lMUpeHHA foctyny fo STEM-ocsiTy,
iHTerpania TpaAULiMHUX 3HaHb KOPIHHMUX HApOJiB y HaBYaJIbHUW IpOLEC, a TaKOX
dbopMyBaHHS HAYKOBOI i/JeHTUYHOCTI CTY/|€HTIB.

HaykoBa HOBHM3Ha 40C/IiP)KeHHA [I0JIATa€ Y CUCTeMaTHU3aLil iCTOPUYHUX eTalliB pO3BUTKY
STEM-ocBitu ingianyiB CIIA, y3araibHeHHI CydacHUX HAayKOBUX MNiZIXOZiB Ta NpPOBeJeHHI
6i61ioMeTprUYHOTO0 aHai3y my6Jiikaniil 3 1iei npobseMaTukKu. [I[pakTUYHe 3HaYeHHS POOOTHU
MOJIATAE Y MOXJIMBOCTI BUKOPUCTAHHA OTPHUMAHUX pe3yJbTaTiB JJA BJOCKOHAJIEHHS
OCBITHBOI NOJIITUKH, pO3BUTKY iHK/I03UBHOI STEM-0cBiTH Ta afjanTanii IO3UTUBHOTO AOCBIAY
CIHA y cucteMi ocBiTH YKpalHu.
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Abstract. The article is devoted to the study of the integration of indigenous peoples into
the STEM education system of the United States of America in the context of historical
development, educational programs and modern challenges. The relevance of the study is due
to the need to expand the participation of underrepresented social groups in the fields of
science, technology, engineering and mathematics, as well as the growing attention to inclusive
models of STEM education in the modern educational space.

The purpose of the article is a comprehensive historical and pedagogical analysis of the
process of integrating Native Americans into STEM education, identifying the main stages of its
development, studying educational support programs and generalizing modern scientific
approaches to expanding the participation of indigenous peoples in STEM fields. The
methodological basis of the study is historical-pedagogical, comparative, analytical and
bibliometric methods, which allowed to systematize scientific sources, identify key areas of
research and analyze the evolution of educational practices.

The work analyzes the historical stages of development of STEM education of indigenous
peoples of the United States from the period of limited access to education in the 19th-20th
centuries to the current stage of active implementation of inclusive educational programs. It
was established that an important role in the development of STEM education for Native
Americans is played by state and scientific institutions that implement specialized educational
and research programs to support students of indigenous peoples. A significant contribution to
the training of STEM specialists is made by tribal universities, whose activities are aimed at
combining academic education with culturally oriented educational approaches.

The results of the bibliometric analysis of scientific publications have shown the growing
interest of researchers in the problem of STEM education of Native Americans in the 21st
century, as well as the formation of a separate interdisciplinary research direction. Key topics
of modern research have been identified, including expanding access to STEM education,
integrating traditional knowledge of indigenous peoples into the educational process, and
forming the scientific identity of students.

The scientific novelty of the study lies in the systematization of the historical stages of the
development of STEM education of Native Americans, generalization of modern scientific
approaches and conducting a bibliometric analysis of publications on this issue. The practical
significance of the work lies in the possibility of using the results obtained to improve
educational policy, develop inclusive STEM education, and adapt the positive experience of the
United States to the Ukrainian education system.

Keywords: STEM education, education, Native Americans, university, tribal universities,
inclusive education, educational programs, USA, Ukraine.
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AKTyasbHicTh mpo6emu. The problem of obtaining STEM education among the
indigenous peoples of the United States is one of the United States is one of the important
directions of modern educational research. Scientists, educators and researchers emphasize
that indigenous peoples have historically remained one of the least represented social groups
in the fields of science, technology, engineering and mathematics. This is due to a combination
of historical, cultural, economic and institutional factors.

Modern research demonstrates that STEM education, which indigenous peoples receive
at universities, cannot be considered exclusively as academic training. It is related to issues of
cultural identity, social justice and sustainable development of communities. In this context,
works dedicated to the integration of traditional knowledge of indigenous peoples with modern
science play an important role. A systematic review of STEM education for Indigenous students
shows that effective educational models always combine academic disciplines with cultural
practices. Such programs contribute to the formation of students' scientific identity and
increase their motivation to participate in STEM fields, which has a direct impact on socio-
economic development and access to professions in the field of medicine, engineering and
technology [44], [62], [15]. Therefore, the modern scientific community considers STEM
education as a tool to:

- overcome educational inequality;
- expand the participation of all education seekers in scientific professions;
- support the development of inclusivity and identity of communities.

AHani3 ocraHHiX AociaigkeHb i my6uikaniii. Studies of the integration of Native
Americans in STEM education in the United States emerged as a separate field of scientific study
only in the late 20th and early 21st centuries. The first works mostly concerned the general
problem of educational inequality and access of Native Americans to higher education and
universities. Over time, researchers' attention shifted to studying the participation of Native
American students in the natural sciences and engineering. In the modern scientific literature,
STEM education of Native Americans is viewed as a complex socio-educational phenomenon
that combines:

- academic training;

- cultural identity;

- community development;

- innovative educational models.

Systematic reviews of research demonstrate that STEM education for Native Americans
has significant potential for increasing socio-economic mobility and participation in high-tech
sectors of the economy. At the same time, most studies emphasize the need for culturally
oriented educational approaches. Bibliometric analysis shows that most research on STEM
education of indigenous peoples is concentrated in a few countries. Research in the USA
accounts for about 65% of the total world research on STEM education related to Native
Americans [2],[12], [51],[66] and Native Hawaiians [24],[13], [45], [60]. Research by scientists
and educators in Canada accounts for about 15% of the total world research on the topic of
Indigenous science education [18], [34], [27], [19]. Research by scientists in Australia provides
10% of the total data, their main area of research is STEM Maori science education [82], [71],
[9]. Research on STEM education of indigenous peoples in New Zealand provides 5% [48], [47],
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[37], [5]. The contribution of other countries of the world is 5%, and at its core it is a
comparative study of the development of STEM education. The scientific community of the USA,
consisting of teachers, educators and researchers, is the main center of such research, which is
explained, firstly, by the developed network of tribal universities; federal programs to support
STEM education; high level of funding for scientific research.

An analysis of publications for the years 2000-2025 shows a gradual increase in interest
in the topic of STEM education for indigenous peoples (see Table 1).

Table 1
Dynamics of scientific publications in the field of Indigenous STEM education.
Period Characteristics of research Main topics
2000-2005 Initial stage of formation of the Indigenous knowledge, science
direction education

2006-2010 | Growing interest in cultural integration | Culturally responsive pedagogy
2011-2015 Institutionalization of research STEM participation, tribal colleges
2016-2020 Active growth of publications Diversity in STEM, inclusion
2021-2025 Interdisciplinary development Sustainability, digital education

The analysis shows that the most intensive development of research falls on the period
after 2015. This is due to the global development of STEM education; US government programs
aimed at supporting indigenous peoples; growing interest in inclusive education [14].

Bibliometric analysis of the search in the databases allows us to identify a group of
scientists and educators who have made a significant contribution to the development of this
topic (see Table 2).

Table 2
Key authors of research on STEM education of indigenous peoples.
Authors Main contribution Research field
Bang M, etal. [10], [11] Cultural proces§es In STEM Indigenous science
education
Medin D., et al. [53] Indigenous scientific thinking Cognitive science
Brayboy B. M. J,, et al. [22] Tribal Critical Race Theory Indigenous education
Aikenhead G, et al. [3] Integration of Indigenous Science education
knowledge
Cajete G., et al. [26] Native science concept Philosophy of education
Castagno A, et al. [28] Culturally relevant pedagogy STEM education
Snively G, etal. [70] Indigenous science education Natural sciences
Riggs E., et al. [65] Place-based education Field education

These researchers have formed the basis of theoretical approaches to STEM education for
Native Americans.

BujineHnHs HeBupimeHoi yactuHH mnpo6semu. Despite a significant amount of
research devoted to the development of STEM education in the United States of America, the
problem of ensuring equal access to science, technology, engineering and mathematics for
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representatives of Native Americans remains insufficiently studied [16]. In the scientific
literature, considerable attention is paid to general issues of the development of STEM
education, educational policy and inclusive education, however, acomprehensive historical and
pedagogical analysis of the formation of STEM education specifically for Native Americans is
presented fragmentarily.

Most scientific works focus on individual aspects of the problem, in particular, on the
participation of Native students in STEM programs, the role of mentoring, culturally oriented
educational practices or the activities of specialized organizations such as the American Indian
Science and Engineering Society. At the same time, the scientific discourse does not sufficiently
cover the historical evolution of STEM education of indigenous peoples, the relationship
between educational policy, the activities of scientific institutions and the development of tribal
higher education institutions.

A separate problem is the limited number of studies that combine historical-pedagogical,
analytical and bibliometric approaches to the study of STEM education of Native Americans.
Most works lack a systematization of the stages of development of STEM education of
indigenous peoples, as well as a comprehensive analysis of scientific publications, which allows
us to identify key trends, scientific centers and areas of research in this field.

In addition, the issue of integrating traditional knowledge of indigenous peoples into
modern STEM programs and the influence of culturally oriented educational approaches on the
formation of students' scientific identity remains insufficiently studied. Despite the activities of
leading scientific institutions, in particular the National Science Foundation and NASA, which
implement programs to support Native American students in STEM fields, the issue of the
effectiveness of these initiatives and their long-term impact on the development of the scientific
potential of indigenous communities requires further scientific understanding.

Thus, an unresolved part of the problem remains a comprehensive study of the historical
stages, institutional mechanisms and current trends in the development of STEM education
among indigenous peoples of the United States, as well as the systematization of scientific
approaches to the analysis of this issue. This necessitates the conduct of a comprehensive
historical, pedagogical and bibliometric study aimed at generalizing scientific experience and
determining the prospects for the development of STEM education among Native Americans.

Merta crarTi. The purpose of the article is a comprehensive historical, pedagogical and
analytical analysis of the development of STEM education among Native Americans, identifying
the main stages of its formation, identifying institutional mechanisms for supporting the
participation of Native Americans in science, technology, engineering and mathematics, as well
as summarizing modern scientific approaches and trends in research on this issue. Particular
attention is paid to the role of educational and scientific institutions in the formation of
programs to support Native American students in STEM fields, as well as identifying
opportunities for using this experience to develop inclusive STEM education.

HaykoBa HoBu3Ha. Theoretical approaches to STEM education of indigenous peoples
have formed several key theoretical approaches to the study of STEM education for indigenous
peoples.

1. Culturally relevant STEM education.

One of the most important approaches is the concept of culturally responsive STEM
education. It involves adapting curricula to the cultural characteristics of students.
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M. Bang and D. Medin [10] emphasize that traditional science education often ignores the
knowledge of indigenous peoples, which is based on centuries-old observations of nature.
Researchers suggest integrating this knowledge into the educational process, which allows for
the creation of more effective educational models.

B. M. J. Brayboy and A. Castagno [22] also emphasize that STEM education should take
into account:

- indigenous worldview;
- traditional ecological knowledge;
- social context of learning.

This approach contributes to increasing students' academic success and forming a
positive attitude towards science.

2. Integrating Indigenous knowledge into STEM.

Another important area of research is the integration of traditional knowledge into
science education. G. Aikenhead and H. Michell [3] consider the possibility of combining the two
knowledge systems of Western science and Indigenous knowledge systems. The authors note
that such integration allows students to:

- better understand natural processes;
- apply scientific knowledge in real life;
- develop critical thinking.

G. Snively and J. Corsiglia [70] emphasize that Indigenous science can be an important
resource for teaching science subjects.

Thus, research demonstrates that the integration of traditional knowledge contributes to
the creation of more inclusive and effective STEM education.

3. Barriers to Native American Participation in STEM Education.

Much of the research has examined the issues that limit the participation of Native peoples
in STEM fields.

a) Historical and social factors. Researchers note that historical policies of assimilation
have significantly influenced the development of Native American education. H. J. Shotton, S. C.
Lowe, and S. J. Waterman [69] emphasize that US educational systems have long failed to take
into account the cultural needs of Native American students. This has led to low levels of
representation in STEM; limited access to scientific resources; and insufficient support for
students.

L. Sabzalian [68] also emphasizes that educational institutions must take into account the
historical experiences of Native peoples to create effective programs.

b) Cultural barriers. An important factor is the cultural differences between traditional
science and the worldview of Native peoples. In a study by G. Wieman and G. P. Shipley [82]
show that cultural taboos can affect Native American students’ participation in STEM fields.

Researchers note that some scientific topics may contradict traditional beliefs, which
creates difficulties in the educational process.

However, these barriers can be overcome through:

- culturally adapted programs;
- community participation in the development of educational courses;
- cooperation between universities and tribal organizations.
4. The role of Tribal Colleges and Universities in the development of STEM.
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An important place in scientific research is occupied by the activities of tribal universities,
which have become key centers for the development of STEM education for indigenous peoples.
Studies show that Tribal Colleges perform several important functions:

- provide access to higher education;
- support the cultural identity of students;
- develop research programs.

L. Caughman [30] notes that STEM courses in tribal colleges contribute to the formation
of students’ science identity. This helps them see themselves as future scientists or engineers.

A. Thomas and S. S. Gion [78] emphasize that STEM education in tribal universities plays
an important role in the process of nation-building, that is, the development and strengthening
of indigenous communities.

5. Pedagogical innovations in STEM education for indigenous peoples.

The current literature pays considerable attention to pedagogical innovations aimed at
increasing the effectiveness of STEM education.

a) Place-based education. One of the key approaches is place-based education. E. Riggs
[65] notes that this approach allows:

- to use the natural environment as a learning resource;
- to combine scientific knowledge with local practices;
- toincrease students’ interest in learning.

This approach is especially effective in tribal communities, where nature and ecology have
important cultural significance.

b) Professional development of teachers.

A. E. Castagno et al. [29] emphasize that the development of STEM education is impossible
without the training of teachers working in indigenous schools. Research shows that long-term
professional development programs:

- increase the quality of STEM teaching;
- promote the implementation of culturally adapted methodologies;
- support innovation in education.

6. Integration of STEM education and sustainable development.

A separate area of research is devoted to the connection of STEM education with
sustainable development issues. M.-K. Chen and C.-C. Wu [32] emphasize that STEM education
can help indigenous communities solve such problems as climate change; natural resource
management; environmental security. In this context, STEM education is considered not only
as an academic discipline, but also as a tool for community development.

7. Current research trends (2015-2025).

Analysis of current scientific publications allows us to identify several key trends in
research on STEM education of indigenous peoples:

1. Growing interest in Indigenous STEM education.

2. Development of interdisciplinary research.

3. Integration of cultural knowledge into science education.
4. Expanding international research on Indigenous STEM.

G. C. Borg and T. Kumblathan [20] emphasize that combining traditional knowledge with
modern science can create a new model of STEM education.

The analysis of scientific sources allows us to draw several key conclusions.
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First, STEM education for Native Americans in the United States is seen as a tool for
overcoming historical inequalities and ensuring social justice.

Second, the effectiveness of STEM programs largely depends on the integration of cultural
knowledge and community participation in the development of educational programs.

Third, an important role in the development of STEM education is played by:

- tribal universities;
- scientific organizations;
- partnerships between universities and communities.

Fourth, current research demonstrates a growing interest in Indigenous STEM education
and the expansion of science programs for Native Americans.

Thus, the scientific literature indicates the formation of a new paradigm of STEM
education, which combines academic knowledge, cultural traditions and community
development needs.

IIpakTyHe 3Ha4yeHHs. The practical significance of the study lies in the possibility of
using its results to improve educational policy and the development of inclusive STEM
education. Generalizing the experience of developing STEM education for indigenous peoples
in the United States of America allows us to identify effective mechanisms for supporting
underrepresented groups in science, technology, engineering, and mathematics.

The results of the study can be used in the development of educational programs aimed
at expanding access to STEM education, improving science and mathematics curriculum, and
training teachers to work in an inclusive educational environment. Studying the activities of
leading scientific organizations, in particular the National Science Foundation and the American
Indian Science and Engineering Society, makes it possible to identify effective models of
supporting indigenous students in STEM fields.

The practical value of the work also lies in the possibility of using the results obtained in
further scientific research, preparing scientific articles, educational programs, and teaching
materials. The generalized experience of developing Native Americans' STEM education can be
adapted to modernize the educational systems of other countries, in particular Ukraine, in the
context of developing inclusive education, improving the quality of science and mathematics
training, and forming modern STEM competence.

MeToaoJioris

MeTtoau gocaigxkeHHs. The study was conducted using a comprehensive mixed-
methods approach that combines quantitative and qualitative data analysis. The main methods
were: Bibliometric analysis: an assessment of scientific publications on STEM education for
Native Americans in the United States for the period 2000-2025, identifying key authors,
countries, universities, and topics; Content analysis: a systematic study of the content of
articles, reports, and educational programs of tribal colleges and universities to identify
pedagogical models, key programs, and barriers to student participation in STEM; Historical
and pedagogical analysis: a reconstruction of the stages of development of STEM education
among Native Americans, including an analysis of political, social, and educational initiatives.
This approach allows for a comprehensive assessment of both historical trends and the current
state of STEM education for Native Americans.
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Jxepesia gaHux. Data sources included: scientific databases: Scopus, Web of Science
(WoS), ERIC, PubMed; open and official reports of tribal universities (TCUs), educational
programs and documents of federal initiatives.

IncrpymenTH anasisy. The following were used to process and visualize data:

VOSviewer: construction of bibliometric maps of authors, keywords and institutions;

Microsoft Excel: data processing by years, countries and institutions;

NVivo: thematic coding of the content of articles and reports;

PRISMA 2020: documentation of the process of selecting and including scientific
publications.

This combination of tools allowed for a quantitative analysis of publication trends and
citations; qualitative analysis of educational practices and pedagogical models; systematization
of data for graphical display of results.

O6MexxeHHs AocsigxeHHs. The main limitations of the study are the limited number of
available publications on STEM education of indigenous peoples, especially in open access;
insufficient information about small tribal universities and local programs; possible bias in
sources, since most of the research was conducted in the United States. Despite these
limitations, the use of a mixed approach ensures representativeness, objectivity, and a
comprehensive analysis of the development of STEM education for Native Americans.
Pe3yabTaTH

American Indians have long been underrepresented in STEM fields due to historical,
socio-economic and educational barriers. The main scientific, historical and pedagogical
prerequisites for the development of STEM education for American Indians include:

1) limited access to quality education on reservations;

2) insufficient funding for schools;

3) cultural inconsistency of traditional educational programs;

4) historical exclusion of indigenous peoples from scientific activities.

That is why, since the end of the 20th century, special support programs known as Native
American students in STEM have begun to form in the United States.

Tribal colleges and universities, known as Tribal Colleges and Universities (TCUs), play a
key role in the institutional development of STEM education for Indians [80]. For example,
Aaniiih Nakoda College integrates: a) local indigenous knowledge; b) natural resource research;
¢) applied STEM projects for local communities [35]. The institution uses place-based education
(education related to local ecology and culture); integration of language and traditions into
STEM courses; research on ecology, climate, and tribal infrastructure.

A significant role in the program to support STEM for Indians is played by US State
support programs and US federal policy. For example, the National Science Foundation
programs:

1) Tribal Colleges and Universities Program (TCUP). The goal of the program is to expand
STEM education in tribal universities; increase the participation of Indians in STEM careers;
support research and laboratories in tribal regions. The program has been operating for over
50 years and is one of the key tools for the development of STEM among the indigenous peoples
of the United States [79].

Modern educational approaches in STEM programs for Indians have several features:
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Culturally relevant STEM education. These programs combine traditional knowledge of
indigenous peoples with environmental practices and modern technologies.

Building a scientific identity. Studies show that STEM courses at tribal colleges help build
students’ science identities and increase motivation for scientific careers.
Community-focused. STEM education addresses issues such as natural resource
management, health care, climate change, and infrastructure development on
reservations.

Despite progress, significant challenges remain in the development of STEM education for

Native Americans, including the underrepresentation of Native Americans in STEM careers,

lack

of funding for education on reservations, limited access to STEM labs and resources, and

cultural barriers at traditional universities. Political decisions regarding funding can also
influence the development of tribal universities and STEM programs. The development of STEM
education among Native Americans has gone from almost complete lack of access to science to
the creation of their own educational institutions and programs.

In the last decade (2016-2026), the following trends have been observed in the

development of STEM education for Native Americans in the United States, namely:

1)
2)

3)
4)

Indigenization of STEM education: integration of traditional knowledge of indigenous
peoples into science.

Development of STEM education in Tribal Colleges: emergence of new programs in
cybersecurity, IT, ecology.

Partnership with US universities, leading to the creation of joint research laboratories.
Growth of programs for K-12 schools, leading to the emergence of more STEM projects
for indigenous children.

The modern model of supporting the development of STEM education for Native

Americans in the United States is based on:

envi

support from state funds;

activities of Tribal Colleges;

culturally adapted STEM pedagogy;

integration of traditional knowledge with modern technologies.

This research area is strategic because STEM education helps tribes solve economic,
ronmental, and social problems. Table 3 shows the stages of development of STEM

education among Native Americans in the United States.

Table 3
The Formation and Development of STEM Education for Native Americans in US
Universities (Second Half of the 20th Century - 20s of the 21st Century).

Significance
. . Characteristics Key Policies Major STEM for the
Historical . .
. of Educational and Initiativesand | Development
Period o
Development Institutions Programs of STEM
education
Assimilation Native Isolated science | Limited access
. ) Bureau of . .
Period education was . . education to science and
. Indian Affairs
(until 1960s) controlled by programs technology
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the federal
residential
school system;
STEM education
virtually
nonexistent
Beginning of i
ginni go First Federal
reforms in -
s . Programs to Building the
Civil Rights Native )
. . U.S. Department Support Foundation for
Period education; . i
. . of Education Indigenous STEM Access
(1960-1975) | increasing focus .
Education
on equal access
to education
Tribal Self- Tribes gain . Development of
. American . .
Governmentin more control . . Tribal Colleges Creating an
. Indian Higher . g .
Education over Education and Universities institutional
Period educational . (TCUs) base for STEM
Consortium
(1975-1990) programs
The STEM Development of
Institutionalizati Science National Tribal Colleges | The Emergence
on Period Programsin Science and Universities | of STEM Labs
(1990-2005) Tribal Foundation Program (TCUP) | and Research
Universities
The Culture and Integrating NASA STEM .
. . Creating
Science Indigenous Engagement culturall
Integration Traditional NASA Programs for Relevant STyEM
Period (2005- | Knowledge into Native American Education
2015) STEM Education students
. Active AISES Growin
The period of . . . g_
expandin involvement of American Scholarship and | Representation
P g indigenous Indian Science Mentoring in STEM
access to STEM . . .
education peoples in and Engineering Programs
engineering, IT, Societ
(2015-2020) g g y
ecology
The modern Digitalization of . TEM Initiati i
e_ ode igita lza_lo 0 White House S n|_|a ives | Strengthening
period. The education, . . for Tribal the Role of
. Office of Science . .
transformation | development of Nations, STEMin
) and Technology . . .
stage (2020- cybersecurity, Polic University Community
2026) climate research y Partnerships Development

The first stage of the development of education for Native Americans in the United States
(the Assimilation Period (until the 1960s) was characterized by a policy of assimilation pursued
by the federal government (see Table 3). The educational system for Native Americans was
focused not on the development of academic or scientific competencies, but on the integration
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of the indigenous population into the dominant culture of American society [1], [55], [83]. The
federal structure, the Bureau of Indian Affairs, played a key role in the implementation of this
policy [25]. It was she who coordinated the network of boarding schools in which Native
children studied. In these institutions, the main attention was paid to basic knowledge and
professional training, while the scientific disciplines that form the basis of STEM education
were minimally represented.

From a pedagogical point of view, this period is characterized by:

- the dominance of the assimilation model of education;
- the absence of culturally oriented curricula;
- alow level of access to natural science disciplines.

At the same time, it during this period, the prerequisites for further reforms were formed,
as it became obvious that such an educational system did not ensure the socio-economic
development of indigenous communities.

In the 1960s, large-scale social transformations associated with reforms and the civil
rights movement (1960-1975) began in the USA. These processes also influenced educational
policy towards indigenous peoples [42], [43]. In the field of education, policies of Indian self-
determination are on the rise. Two important federal laws, the «Indian Education Act of 1972»
[75], [73], [74] and the «Indian Self-Determination and Educational Assistance Act of 1975»
[76] led to policies of local self-determination for Indian tribes and communities, as well as to
greater responsibility for teachers and administrators involved in Native American education.
During this same period, there was a rapid increase in the number of Native American students
in colleges and universities, most of whom received assistance in the form of scholarships from
the United States Government. There has also been an increase in the number of schools on
reservations, operated by local Native American school boards with government funds. The
American Indian Policy Review Commission, established by Congress for the period 1975-77,
recommended maximum self-determination for Indians in their economic, social, and
educational lives [6]. A particularly important and significant situation is created by the «Alaska
Native Claims Settlement Act» (ANCSA), which provides Alaskan Eskimos, Aleuts, and Indians
with $962 million and 44 million acres (17.8 hectares) of federal land in exchange for oil,
minerals, and land that have been and will be seized by the Anglo-Saxon economy [72]. Here, in
contrast to the agreements between the United States government and Indian tribes of the
nineteenth century, Native Americans receive a fairly large amount of money and property that
passes to them as members of native corporations or regional resident groups.

An important role in reforming the education system was played by the U.S. Department
of Education, which initiated programs to expand access to education for various social groups
[38]. During this period, the first federal initiatives aimed at supporting the academic
development of Native American students began to appear.

From a historical and pedagogical point of view, this stage is characterized by:

- the transition from assimilationist to more inclusive educational policies;
- expanding access to secondary and higher education;
- forming the foundations of future STEM programs.

Although STEM education was not yet a separate direction educational policy, it was

during this period that institutional mechanisms for its development began to be laid.

1[5t po6oTa JireH3yeThcs BignosiaHo Ao Creative Commons Attribution 4.0 International License
e-I1SSN: 2786-586X



AKAJIEMIYHI BI3II

Bunyck 54/2026

The next stage in the development of STEM education among Indians (The Period of Tribal
Self-Government in Education (1975-1990)) is associated with the strengthening of the role of
tribes in the formation of educational policy. In the 1970s, the US federal government
recognized the need to expand the autonomy of indigenous peoples in the field of education. An
important step was the creation of a network of tribal colleges and universities, which are
united in the American Indian Higher Education Consortium [6] and the passage of the «Tribally
Controlled Community College Assistance Act» in 1978 [77]. These institutions became a key
tool for the development of STEM education among indigenous peoples.

The main pedagogical features of this period:

- the emergence of educational programs adapted to the cultural characteristics of
indigenous peoples;

- integration of traditional knowledge into the educational process;

- development of programs in natural sciences and technologies.

It is at this stage that the prerequisites for the further institutionalization of STEM
education are formed, since tribal universities began to actively to develop scientific areas of
training.

In the 1990s, STEM education began to be considered a strategic direction for the
development of science and the US economy (Period of institutionalization of STEM education
(1990-2005)). The US Federal Government passes the «Native American Languages Act», to
support Native American languages [57] and the «Goals 2000: Educate America Act» [40] to set
educational standards for all students, including Native Americans. The most important idea in
the US education space at this time is the «No Child Left Behind Act», to improve academic
achievement, including programs for Native American schools [61], [14]. During this period,
federal scientific agencies began to actively support educational programs for
underrepresented groups of the population. A key role in the development of STEM education
for Indians was played by the National Science Foundation, which launched the Tribal Colleges
and Universities Program (TCUP). The purpose of this program was:

- creation of scientific laboratories at tribal universities;

- support for the training of students in STEM fields;

- development of research projects in the regions where indigenous peoples live.
- From a pedagogical point of view, this period is characterized by:

- systematic implementation of the STEM curriculum;

- development of student research activities;

- formation of an academic scientific community among indigenous peoples.

Thus, STEM education is gradually becoming one of the key tools for the socio-economic
development of tribal communities.

At the beginning of the 21st century, STEM education for American Indians began to
acquire new characteristics related to the cultural adaptation of curricula (The Culture and
Science Integration Period (2005-2015)). One of the important partners of tribal universities
was NASA, which launched special educational programs for students of indigenous peoples
[59], [56]. There is an improvement in federal programs to support tribal institutions [58].
During this period, the concept of culturally relevant STEM education is actively developing,
which involves:

- combining traditional environmental knowledge with modern scientific methods;
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- using the local natural environment as an educational resource;
- developing research projects aimed at solving the problems of local communities.

From a pedagogical point of view, this stage is especially important, since it demonstrates
the possibility of integrating science and culture. STEM education ceases to be just academic
training and begins to perform the function of preserving and developing the cultural heritage
of indigenous peoples.

The next phase, expanding participation in STEM fields (2015-2020), is characterized by
the active involvement of Indians in scientific and technical professions. A significant role in
this process is played by the professional organization American Indian Science and
Engineering Society [8], which supports students through:

- scholarship programs;

- scientific conferences;

- mentoring and professional networks.

- Pedagogical features of this period:

- development of STEM career orientation;

- formation of students’ scientific identity;

- support for the transition from education to professional activity.

This phase indicates the gradual overcoming of historical inequalities in access to STEM
professions.

The current stage of development of STEM education among Native Americans (2020-
2026) is characterized by profound transformations associated with the digitalization of
education, the development of new technologies, and the growing role of science in solving
global problems. A prime example is the Federal grant program to improve the quality of STEM
education at tribal universities and increase the number of Native American students in STEM
fields, known as the NSF Tribal Colleges and Universities Program (TCUP) [85].

Key trends include:

- development of cybersecurity and information technology programs;
- research on climate change and natural resources;

- interuniversity partnerships;

- use of distance STEM courses.

A feature of the current stage is that STEM education is considered not only as academic
training, but also as a tool for the sustainable development of tribal communities.

A historical and pedagogical analysis of the development of STEM education among
Native Americans indicates a gradual evolution of educational policy from an assimilation
model to a modern culturally oriented STEM education.

The main stages of this process include:

The period of limited access to science (until the 1960s).

Reforming educational policy (1960-1975).

Forming an institutional base through tribal universities (1975-1990).
Institutionalizing STEM education (1990-2005).

Integration of culture and science (2005-2015).

Expanding the participation of Indians in STEM fields (2015-2020).
Modern transformation and digitalization of education (2020-2026).

No O~ wWwNPE
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Thus, the development of STEM education among the indigenous peoples of the United
States is a complex and multifaceted process that combines state policy, the activities of
educational institutions and the cultural traditions of indigenous communities. The modern
model of STEM education for American Indians demonstrates an effective example of the
integration of science, culture and social development.

O6roBopeHHs

InTepnpeTtanisa pesysbrariB. The obtained research results allowed us to identify key
trends, features and stages of development of STEM education among the indigenous peoples
of the USA. The interpretation of the results is based on a combination of historical and
pedagogical analysis, content analysis of scientific sources and bibliometric data. The analysis
showed that the development of STEM education among the Indians of the USA is evolutionary
in nature and goes through several interconnected stages.

In the early stages (until the 1960s), the education of indigenous peoples was focused
mainly on assimilation policies, which limited access to natural and technical disciplines.
During this period, STEM education was actually not a priority of educational policy for Native
Americans. The period of 1960-1980s is characterized by gradual reforms of the US
educational system, which contributed to expanding access to higher education for
representatives of indigenous peoples. It was at this time that the first educational initiatives
aimed at supporting students from tribal communities in the field of science and technology
appeared. The further development of STEM education is associated with the creation and
strengthening of Tribal Colleges and Universities (TCUs), which have become key centers for
training specialists in the fields of natural sciences, engineering and ecology. These institutions
have played an important role in shaping an educational environment adapted to the cultural
and social needs of indigenous peoples. In the modern period (after 2010), there has been a
significant expansion of STEM education support programs, including scholarships, scientific
projects, research grants and partnerships between universities, government agencies and
tribal communities. Thus, the results of the study indicate a gradual transition from limited
access to science to the formation of an institutional system of STEM education for indigenous
peoples of the United States.

Bibliometric analysis of scientific publications made it possible to identify the main trends
in the development of research in the field of STEM education for Native Americans.

First, it was found that the number of scientific publications on this topic has increased
significantly after 2010. This indicates an increase in the attention of the scientific community
to the problem of involving indigenous peoples in science, technology and engineering.

Secondly, an analysis of the works and works of scientists showed that research is
concentrated mainly in:

- USuniversities;
- research centers associated with tribal universities;
- interdisciplinary STEM educational projects.

Third, an analysis of keywords in scientific publications made it possible to identify the

main research areas:
- culturally oriented STEM education;
- participation of indigenous peoples in scientific research;
- development of engineering education;
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- environmental and climate research;
- STEM careers for students from tribal communities.

The obtained bibliometric data indicate the gradual formation of a separate research area
dedicated to STEM education of indigenous peoples [63].

The results of the analysis of the main directions of scientific research trends showed that
modern scientific explorations focus on several key trends.

1) Integration of traditional knowledge into STEM.

One of the most important trends is the combination of modern scientific knowledge with
traditional environmental and cultural practices of indigenous peoples. This approach helps to
increase student motivation and creates a more inclusive educational environment [15].

2) Development of STEM infrastructure in tribal universities.

Many programs are aimed at creating laboratories, science centers and research
programs in Tribal Colleges and Universities. This allows students to gain practical experience
in the field of science and technology.

3) Support for students and the formation of STEM careers.

Research shows that mentoring, scholarship programs and partnerships with universities
and scientific organizations play an important role in the development of STEM education [31],
[36], [50], [4, [14]. Such initiatives contribute to increasing the level of representation of
indigenous peoples in STEM professions.

4) Educational and social outcomes of STEM education development.

Analysis of the study results showed several important effects of the development of
STEM education among American Indians:

a) Increasing access to higher education for indigenous students.

b) Increasing the number of students choosing STEM majors.

¢) Formation of new research centers at tribal universities.

d) Strengthening the role of education in the socio-economic development of tribal
communities.

e) At the same time, the study showed that there are certain challenges, including limited
funding for educational programs; unequal access to modern scientific infrastructure and an
insufficient number of STEM teachers at tribal universities.

Overall, the study results confirm that STEM education has become an important tool for
the development of indigenous peoples in the United States. It not only contributes to the
training of highly qualified specialists, but also plays a significant role in preserving cultural
identity and the development of tribal communities. Thus, the interpretation of the results
allows us to conclude that the further development of STEM education for Native Americans
should be based on:

- support for tribal universities,

- integration of cultural knowledge into science education,

- expansion of partnerships between educational and scientific institutions,

- development of research programs in the field of ecology, technology and engineering.

IlopiBHAHHA 3 iHINMMH AocaigxeHHAMH. The conducted study of the development of
STEM education of American Indians is consistent with a number of modern scientific works
devoted to the participation of indigenous peoples in science and technology. Comparative
analysis showed both common trends and individual differences in approaches to studying this
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issue. Most studies emphasize that the participation of Native Americans in STEM fields has
been historically limited, but over the past two decades there has been a gradual increase in
interest in this topic in the academic literature. Our study confirmed that the activation of
scientific publications on STEM education of indigenous peoples began approximately after
2010. Similar results were obtained in bibliometric works, which show an increase in the
number of studies devoted to inclusive STEM education, culturally oriented pedagogical
models, and training of specialists for tribal communities. The works of researchers [41], [22],
[26], [33], [69], [52], [23], [46], [54], etc., also note that STEM education for indigenous peoples
is considered not only as an educational direction, but also as a tool for social development and
preservation of cultural identity. Thus, the results of our study are consistent with the general
trend of modern science - to consider STEM education for indigenous peoples in the context of
social justice, inclusion and educational equality. In our study, several historical stages of the
development of STEM education for Native Americans were identified: the assimilation period;
the civil rights period; the period of tribal self-government in education; the period of
institutionalization of STEM; the period of integration of culture and science; the period of
expanding access; the modern period. A similar periodization is also observed in the works of
many American researchers of indigenous education. For example, H. J. Shotton, S. C. Lowe and
S.J. Waterman'’s studies emphasize that the key point was the creation of tribal universities and
educational programs focused on the needs of communities [69].
At the same time, our study expands on previous work, as it:

1) combines historical-pedagogical and bibliometric approaches;

2) analyzes not only educational reforms, but also scientific trends;

3) includes the current stage of digitalization of STEM education.

Thus, the results confirm previous scientific conclusions, but offer a more systematic
interpretation of the development of STEM education among indigenous peoples.

One of the key results of our study is the identification of the important role of tribal
universities in STEM education, known as Tribal Colleges and Universities in the development
of STEM education among Native Americans. Many studies [17], [22], [41], [64], [67], [69], also
emphasize that these universities:

- create a culturally safe educational environment;
- provide access to STEM education for students from reservations;
- support research programs in the field of ecology, biology, and engineering.

Our study confirms these findings, but adds a new aspect — the role of tribal universities
in the development of modern STEM areas, such as:

— climate research;
— sustainable development technologies;
— digital sciences.

In addition, bibliometric analysis showed that a significant part of scientific publications
in this area is related to the activities of such universities.

Our study found that the key factors for the success of Native American students in STEM
are:

- mentoring;
- supporting the academic environment;
- cultural integration of curricula;
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- participation in research projects.
Similar results were obtained in studies by M. Bang et al. [11], E. McKinley and G. Stewart
[52], B. M. J. Brayboy and A. Castagno [22], and other authors, who emphasize the importance
of cultural identity in the process of student learning.
Some studies also highlight that Indigenous students demonstrate higher levels of
academic motivation when STEM education includes:
- traditional knowledge;
- environmental practices;
- community development issues.
Therefore, the results of our study are fully consistent with current scientific approaches
to culturally relevant STEM education.
Our study identified a number of barriers to Native American participation in STEM:
1) limited educational infrastructure;
2) lack of funding for STEM programs;
3) insufficient number of STEM teachers;
4) socio-economic factors.
Similar results have been obtained in studies by T.J. Morgan [55], A. E. Castagno et al. [29],
J. Gichuru [39], and others. These works indicate that barriers to STEM education are complex
and include:
1) historical factors;
2) educational inequality;
3) cultural characteristics of learning.
Our study extends these findings, as it shows that current challenges to STEM education
are also associated with:
- the digital divide;
- unequal access to technology;
- limited participation in scientific research.
The literature review showed that current research on STEM education for Native
Americans focuses on the following areas:
1) inclusive STEM education;
2) integration of traditional knowledge;
3) training STEM teachers;
4) development of research programs;
5) STEM for sustainable community development.
Our study confirms these trends, but also shows the emergence of new areas:
- use of digital technologies in STEM education;
- development of STEM partnerships between universities;
- research on climate change in tribal communities.
Bibliometric analysis showed that these topics are the most popular in scientific
publications in recent years. Our bibliometric analysis showed:
- dominance of research conducted in the United States;
- active participation of interdisciplinary scientific groups;
- increase in the number of publications after 2015.
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Similar results are reflected in international studies of STEM education, where it is noted
that the topic of indigenous peoples' participation in science is becoming one of the important
areas of educational research.

At the same time, our study is different in that it combines bibliometric and historical
analysis; systematizes scientific research in the context of educational reforms and identifies
key scientific schools in this area. A comparison of the results shows that our study has several
new aspects:

- systematization of the stages of development of STEM education of Native Americans;

- acomprehensive analysis of educational, social and scientific factors;

- acombination of bibliometric and pedagogical approaches;

- identification of modern trends in the development of STEM education in tribal
universities.

This allows us to consider STEM education of indigenous peoples as a separate area of
pedagogical research. A comparison of the results of the study with other scientific works
showed that the main conclusions are consistent with modern trends in the development of
STEM education of indigenous peoples of the United States. In particular, all studies confirm
that:

- STEM education plays a key role in the development of indigenous communities;
- tribal universities are centers of innovation in this area;

- culturally-oriented education increases the effectiveness of learning;

- student support is an important factor in their academic success.

At the same time, our study complements the scientific literature, as it offers a
comprehensive model for analyzing the development of STEM education among Native
Americans in the United States, which can be used for further pedagogical research.

HaykoBa HoBHM3Ha (po3ropHyTto). The scientific novelty of the study lies in the
comprehensive analysis of the development of STEM education among Native Americans,
which combines historical-pedagogical, bibliometric and analytical approaches. The work
systematizes scientific data for the first time, which allows us to consider STEM education
among Native Americans as a separate area of modern educational research. For the first time,
a comprehensive historical-pedagogical analysis of the development of STEM education among
Native Americans was carried out. The study systematically analyzes the stages of the
formation and development of STEM education among Native Americans in a broad historical
context. Unlike most previous works, which focus only on the current state of education, this
work examines the long-term evolution of educational processes.

In particular:

- the main historical periods of the formation of STEM education among Native Americans
are identified;

- the transformation of educational policy towards indigenous peoples is shown;

- the transition from the assimilation model of education to culturally oriented STEM
education was traced.

This allowed us to form a holistic concept of the development of STEM education in the
context of social and educational reforms in the United States.

The study first developed a scientifically based periodization of the development of STEM
education among indigenous peoples of the United States, which includes several key stages:
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the initial period of limited access to scientific education;

the period of educational reforms and expanding access to education;

the institutional formation of STEM education in tribal universities;

the modern stage of the development of inclusive and culturally oriented STEM education.
The proposed periodization expands existing approaches in the scientific literature and
allows us to more fully assess the dynamics of the development of STEM education among
indigenous peoples.

One of the important results of the study is the bibliometric analysis of scientific
publications devoted to STEM education among indigenous peoples of the United States. The
main scientific centers and research groups working in this field were identified. The dynamics
of publications in international scientometric databases were analyzed. Key scientific research
directions were identified. This allowed us to outline the structure of the modern scientific
discourse; to identify the most promising areas of further research and to show the formation
of a new interdisciplinary field of scientific research.

The study deepened the scientific understanding of the role of tribal universities in the
development of STEM education of indigenous peoples of the United States.

In particular, it was established that these educational institutions perform several
important functions:

- provide access to STEM education for students from indigenous communities;

- form aculturally oriented educational environment;

- contribute to the development of scientific research in the field of natural and technical
sciences.

Unlike previous studies, the work shows that tribal universities play a key role not only
in education, but also in the development of scientific research and innovations in indigenous
communities.

The study systematically identifies the main trends in the modern development of STEM
education for Native Americans for the first time.

Among them:

- integration of traditional knowledge of indigenous peoples into STEM education;
- development of interdisciplinary educational programs;

- increasing role of digital technologies in education;

- formation of international scientific partnerships;

- strengthening the participation of indigenous peoples in scientific research.

These results expand modern ideas about the transformation of STEM education in the
context of global educational changes.

As a result of the study, a conceptual model for the development of STEM education for
indigenous peoples of the United States is proposed, which takes into account:

- historical factors of education development;

- socio-cultural characteristics of indigenous peoples;
- therole of educational institutions;

- the influence of state policy in the field of education;
- modern scientific and technological trends.

The proposed model can be used for further pedagogical research; for the development
of educational programs and for the improvement of state policy in the field of STEM education.

PwWwNPRE
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In the study of further development, theoretical provisions on inclusive education in the
field of STEM were obtained, in particular, the importance of a culturally oriented approach in
STEM education was substantiated; factors of success of indigenous students in STEM were
identified; the role of educational programs in the development of the scientific potential of
communities was revealed.

This contributes to the deepening of the theoretical foundations of modern pedagogy and
educational research.

Thus, the scientific novelty of the study lies in the comprehensive analysis of the
development of STEM education among Native Americans, the systematization of the historical
stages of this process, the bibliometric analysis of scientific research, and the identification of
current trends in the development of STEM education.

The results obtained expand scientific knowledge in the field of pedagogy, educational
research, and STEM education and can be used for further scientific and practical developments
in the field of education.

IIlpakTyHe 3HaYeHHA (po3ropHyTo). The practical significance of the study lies in the
possibility of using the results obtained to improve educational policy, pedagogical practice,
teacher training programs, and the development of inclusive models of STEM education for
Native Americans. An analysis of the stages of the formation of STEM education among Native
Americans, as well as modern programs implemented with the support of institutions such as
the National Science Foundation, NASA, and the American Indian Science and Engineering
Society, made it possible to identify effective mechanisms for involving Native American
students in science, technology, engineering, and mathematics.

First, the results of the study can be used in the development of state and regional
programs to support STEM education for representatives of indigenous peoples. It has been
established that effective educational initiatives combine academic training with culturally
oriented approaches, in particular, the integration of traditional knowledge of indigenous
peoples into STEM courses. This creates the prerequisites for increasing student motivation
and contributes to the growth of their participation in scientific and research activities.

Second, the results can be applied in the activities of universities and colleges that work
with indigenous students, in particular in institutions that are part of the Tribal Colleges and
Universities system. The analytical approaches proposed in the study help educational
institutions adapt STEM curricula, taking into account the cultural, social and historical
characteristics of Native American students. This will contribute to increasing academic
success, reducing student dropout and forming sustainable STEM careers.

Third, the practical value of the study lies in the possibility of using the results in the
training of pedagogical personnel. The findings can be integrated into teacher training
programs for natural and technical disciplines, which will allow for the formation of
competencies for working in a multicultural educational environment. Of particular importance
is the use of culturally responsive STEM education methods that take into account the historical
experience of indigenous peoples of the United States and their educational needs.

Fourth, the results of the study can be used to develop new educational projects and
international cooperation programs in the field of STEM education. In particular, the
generalized experience of Native Americans support programs can be adapted for other
countries where there is a problem of ensuring equal access to STEM education for ethnic or
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indigenous groups. In this context, the study is also important for the modernization of
educational systems in European countries and Ukraine, where the development of inclusive
STEM education is relevant.

Fifth, the practical significance of the work lies in the use of the results obtained in
scientific research and the preparation of dissertations, scientific articles and analytical reports.
A systematized analysis of the stages of development of STEM education of American Indians,
presented in the form of a historical and pedagogical model, can serve as a methodological basis
for further comparative studies of educational systems of different countries.

In addition, the results of the study can be used in the formation of strategies for the
development of STEM education at the national level, in particular, taking into account the
experience of implementing US federal programs related to the STEM Education Act, which
contributed to the expansion of support for STEM initiatives for underrepresented groups of
the population.

Thus, the practical significance of the study lies in the possibility of using its results for:

- improving state policy in the field of STEM education;

- developing inclusive educational programs for indigenous peoples;

- modernizing university STEM curricula;

- training a new generation of teachers;

- expanding international experience in implementing inclusive STEM education.

The generalized results of the study create a basis for the formation of effective models of
support for indigenous students in STEM fields and contribute to increasing their
representation in science, technology and engineering.

The practical significance of the results of the study of the development of STEM education
among indigenous peoples of the United States also lies in the possibility of their adaptation for
the modernization of the educational system of Ukraine, in particular in the field of inclusive
and regionally oriented STEM education [84], [21], [49]. The experience of the United States
can be used in the formation of state policy and educational strategies, which are implemented
with the participation of the Ministry of Education and Science of Ukraine and scientific
institutions, in particular the National Academy of Pedagogical Sciences of Ukraine.

Firstly, the results of the study can be applied to the development of national programs
for the development of STEM education in Ukraine. An analysis of the American experience
shows that an effective STEM policy involves supporting population groups that have limited
access to quality education. For Ukraine, this is relevant in the context of the development of
education in regions, rural communities, and territories affected by war. The use of such
approaches can contribute to the equalization of educational opportunities and the expansion
of students' access to modern technological and scientific programs.

Secondly, the study is important for the modernization of educational programs of general
secondary and higher education institutions. It has been established that the integration of
cultural context, local needs and interdisciplinary STEM approaches increases students'
motivation to learn. In Ukrainian conditions, this may mean including regional issues,
environmental, engineering and technological challenges of the country in the content of STEM
courses.

Thirdly, the results of the study can be used in the training and improvement of teachers’
gualifications. The American experience of training teachers to work with different socio-
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cultural groups shows the effectiveness of culturally responsive STEM education methods. For
Ukraine, this is important in the conditions of a diverse educational environment, internally
displaced persons and students with different social experiences.

Fourthly, the practical significance of the study lies in the possibility of developing
international scientific and educational cooperation between Ukraine and the United States of
America in the field of STEM education. The use of the analysis results can contribute to:

- the creation of joint educational programs and research projects;

- the participation of Ukrainian universities in international STEM initiatives;

- exchange of experience in supporting underrepresented groups in science and
technology.

Fifth, the results of the study can be used in the formation of strategies for the post-war
restoration of education in Ukraine. STEM education is considered a key factor in innovative
development, technological modernization and economic growth of the state. The study of the
US experience in involving indigenous peoples in science and engineering demonstrates how
educational programs can contribute to social integration, human capital development and
strengthening the scientific potential of the country.

Thus, the practical significance of the study for Ukraine is that its results can be used for:

- improving state STEM policy;

- developing inclusive educational models;

- modernizing curricula in schools and universities;

- training teachers to work in a modern educational environment;

- forming an innovative strategy for the development of education and science in Ukraine.

BUCHOBKU

The conducted study of the development of STEM education of Native Americans allowed
for a comprehensive analysis of the historical, pedagogical and institutional prerequisites for
the formation of a modern system of support for the participation of Native Americans in
science, technology, engineering and mathematics. The generalization of scientific sources,
historical and pedagogical analysis of the stages of the development of STEM education and
bibliometric study of publications made it possible to identify the main trends, problems and
prospects of this direction.

Firstly, it was established that the development of STEM education of Native Americans
in the USA has a phased historical nature and is associated with the transformation of the state's
educational policy towards Native Americans. The initial stages (late 19th - mid-20th centuries)
were characterized by limited access of Native Americans to quality education and the
prevalence of assimilation educational models. At the same time, in the second half of the 20th
century. There is a gradual transition to a policy of supporting the educational rights of
indigenous peoples, which has created the prerequisites for their more active participation in
STEM fields.

Secondly, it has been determined that federal programs and the activities of scientific
organizations, in particular the National Science Foundation, NASA and the American Indian
Science and Engineering Society, have played a key role in the development of STEM education
for American Indians. It is these institutions that have contributed to the creation of scholarship
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programs, research grants, educational centers and specialized STEM initiatives aimed at
supporting indigenous students.

Thirdly, the results of a bibliometric analysis of scientific publications have shown an
increase in researchers' interest in the issues of STEM education for Native Americans since the
2000s. It has been revealed that the main areas of research are:

- expanding access to STEM education for indigenous peoples;

- culturally oriented learning models;

- therole of tribal colleges and universities in training STEM specialists;

- the formation of the scientific identity of indigenous students.

Fourth, it has been proven that the effectiveness of STEM education for indigenous
peoples largely depends on the combination of academic approaches with the cultural
traditions and values of local communities. The most effective educational models were those
that integrate traditional knowledge of indigenous peoples, practical research projects, and
interdisciplinary STEM approaches.

Fifth, an analysis of modern research has shown that a significant role in the development
of STEM education among American Indians is played by tribal institutions of higher education,
which are part of the Tribal Colleges and Universities system. They provide an educational
environment that takes into account the cultural identity of students, and also contribute to the
formation of a new generation of scientists and engineers from among indigenous peoples.

Sixth, the study found that the current stage of development of STEM education among
indigenous peoples in the United States is characterized by:

- anincrease in the number of specialized educational programs;

- expanding international and interinstitutional cooperation;

- using innovative pedagogical approaches;

- actively involving students in scientific research and technological projects.

Seventh, the results of the study confirmed that the experience of the United States can be
used to improve the educational systems of other countries, in particular Ukraine. The
introduction of inclusive STEM models, supportfor underrepresented groups of the population,
and the integration of the cultural context into the educational process can contribute to the
development of the innovative potential of education.

Therefore, summarizing the results of the study, the following main conclusions can be
drawn:

1) The development of STEM education among indigenous peoples of the United States is
systemic and evolutionary in nature, reflecting changes in state educational policy and
public priorities.

2) The effectiveness of STEM programs for Native Americans is ensured by a combination of
institutional support, scientific initiatives, and culturally oriented educational
approaches.

3) Scientific research in this area demonstrates stable growth and the formation of a
separate interdisciplinary direction in STEM education pedagogy.

4) The experience of the United States can be adapted to modernize STEM education in other
countries, in particular in the context of the development of inclusive education and the
training of highly qualified specialists in the scientific and technological field.

1[5t po6oTa JireH3yeThcs BignosiaHo Ao Creative Commons Attribution 4.0 International License
e-I1SSN: 2786-586X



AKAJIEMIYHI BI3II

Bunyck 54/2026

Thus, the conducted research expands scientific ideas about the history and current state
of STEM education of indigenous peoples of the United States, and also creates a basis for
further comparative research and the development of effective educational strategies in the
global educational space.
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