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FORMATION OF A GENDER-SENSITIVE ENVIRONMENT BASED
ON STEAM EDUCATION: THE ASPECT OF
TRANSDISCIPLINARYNESS

In the conditions of martial law, the creation of a gender-sensitive
environment in higher education institutions based on STEM is an urgent task. An
important task of science and education at the moment is to provide favourable
conditions for the subjects of education based on the state s innovation policy (for
example, STEM, artificial intelligence, robotics, etc.), as well as to provide
feedback between the student and the teacher. Activation of the problem of the
gender component, focusing attention on the concept of zero tolerance in the system
of training personnel from the economic profile and developing a new methodology
for building a gender-sensitive environment in this field will ensure the integrity of
the process of forming intellectual potential among women and men, is the main
goal of the author’s research. This is aimed at the rationality of the organization
of the training of education seekers taking into account gender aspects on the basis
of STEM.

Keywords: gender-sensitive environment; STEAM-technologies; institutions
of higher education; soft skills; the aspect of physical and mathematical direction.

®OPMYBAHHA 'EHJAEPHO-UYYTJIMBOI'O CEPEJJOBUILIA HA
3ACAJJAX STEAM-OCBITU: ACITEKT TPAHCAWUCIHUITJITIHAPHOCTI

B ymosax 6oennozo cmamny cmeopenHs 2eHOepHO-4YMIUBO20 Cepedosua y
3axknadax euwoi oceimu Ha ocHoei STEAM-mexuonociii € axmyanbHoo
npobnemoro. Baosxnusum 3ae0anmsam unayku ma oceimu HA OAHUti MOMEHM €
CMBOPEHHSI CHPUAMIUBUX YMO8 O/ CY0 €KmMI8 0Cc8imu HA OCHOBI IHHOBAYIUHOL
nonimuxu oepaicasu (Hanpukiad, STEAM, wmyunuti inmenexkm, pobomomexHika
mowjo), a maxodc 3abe3neuenHs 360pOMHO20 38 3Ky MidC 3000y8auem GUUOL
ocsimu ma eukiadauem. Axmugizayis npoobaemu 2eHOepHOi  CKIa008oi,
aKYeHmy6@amms yeacu Ha KOHYenyii HYIb080I MOJEePAHMHOCMI 6 cucmemi
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ni020mosKUu Kaopie eKOHOMIUH020 Npoghinio ma po3podoKa HOB0I Memooono2ii
no6y008uU 2eHOEePHO-4YMIUB020 cepedosUuwa 6 Yill cgepi 3abesneyums YilicHiCMb
npoyecy @GopmMysaHHs IHMeNeKmyaibHo20 NOMEHYIANy MHCIHOK 1 Y0/I08IiKi8, €
OCHOBHOIO ~ MEmoI0  aemopcvbkoco  Oocniodcenns. Lle  cnpamosano  ha
PpayionanvHicms  opeaizayii HaguaHHs 3000y6a4ie 0cCeimu 3 YPAaxy8aHHIM
2eHoepHux acnekmis Ha ocHosl STEAM.

Kniouosi cnosa: cendepno-uymnuee cepedosuwge;, STEAM-mexnonoeii;
3aKnaou euwjoi oceimu, M’SIKi HABUYKU; dACHeKm Qi3uKo-mamemamuiHo20
CNPAMYBAHHAL.

According to UN [1] analytical data on gender equality policy for STEAM
specialities, we note that 24% to 33% of women are involved. The relevance of the
direction of STEAM education in Ukraine is gaining an important aspect, and we
note that the involvement of girls in physics, mathematics and engineering
disciplines is increasing every year.

Thus, in Ukraine, there is a growing demand for the training of highly
qualified specialists with transdisciplinarity skills and the ability to work in the
field of IT- and STEAM-technologies.

Leading scientists Garcia-Holgado A., Garcia-Pefalvo F. J. substantiated the
W-STEAM (women in STEAM) model, in which the educational and scientific
process is considered with various tools aimed at the attraction, access and
leadership of women in the institution of higher education (hereinafter — HEIS).
The work process consists of four stages (see Figure 1) [2]:

— the first stage considers the analysis of the situation (tasks for verification
and self-assessment, focused on reflection and insight);

— the second phase is defined by the Gender Equality Action Plan (GEAP) to
define the strategy and goals and develop actions to achieve them in Latin
American HEISs;

— the third phase covers the implementation of the measures defined in the
Action Plan on Gender Equality;

— the fourth stage considers the processes that ensure compliance with the
goals set in the GEAP. It implements mechanisms to measure the impact and
achievement of objectives, and the results are used to update the GEAP or improve
the implementation of actions.

Important aspects of gender equality are outlined in the work of Ballatore
M. G., Borger J. D., Misiewicz J. and Tabacco A. [3], regarding the study of gender
differences in the self-perception of higher education graduates regarding the
choice of a profession, in particular STEAM.

The research of gender stereotypes in the IT field is considered in Borsotti V.
[4], which reveals empirical research on socio-cultural barriers to the participation
of women in software development projects at the University of Information
Technology in Copenhagen.
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Figure 1. W-STEAM model in Higher Educational Institutions in Latin America [2]

Scientists Kang, J., Hense J., Scheersoi A., Keinonen T. [5] emphasize the
importance of preventing stereotypes and inconsistent models in teachers, focusing
on future career prospects. The results of the study show that non-inclusive
language, the choice of heteronormative educational material and communication
style can leave part of the student body out of context, especially girls.

Research by leading scientists Nguyen U. and Riegle-Crumb C. [6] indicates
that the cause of the gender gap is not biology, innate traits that can differentiate
people by gender, or specific components of what occupations people should
pursue according to their gender.

Therefore, the gender gap in STEAM fields is a global problem, which is
caused by various factors, as revealed in research [7; 8; 9; 10], where the impact of
stereotypes on learning in higher education institutions and the obstacles and
barriers that cause segregation are considered.

Taking into account the above the leading idea of the research is that the
physics-mathematics and professional-technical training based on STEAM-
technologies in lofHE, which is based on the principles of the unity of
fundamentalization, transdisciplinarity, systematicity and gender equality, ensures
the readiness of the subjects of training to obtain a quality education in physics and
mathematics and professional-technical activities. Professions with knowledge of
STEAM-technologies are valuable in their world, however, they are undervalued
in Ukraine.

In particular, in the theoretical-practical and methodical aspects of teaching
physics-mathematics and professional-technical disciplines based on STEAM
education, attention should be paid to the following tasks:

— creating a model of a gender-sensitive environment based on STEAM
education;

— substantiation of the theoretical and methodical principles of teaching
physics-mathematics and professional-technical disciplines for students of HE
based on STEAM-technologies;

— development of teaching methods for physics-mathematics and
professional-technical disciplines for higher education graduates in the conditions
of STEAM-education.
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The research goal is scientific substantiation, conceptualization and
development of a gender-sensitive environment for institutions of higher education
based on STEAM education.

The object of research is the educational process in institutions of higher
education.

The subject of the research 1is the theoretical and methodological
substantiation of the expediency of the formation and development of a gender-
sensitive environment of lofHE based on STEAM-education.

Thus, the fundamental provision of training of education seekers using
STEAM-technologies, in particular in a gender-sensitive environment, will become
more effective in conditions of transdisciplinarity and systematicity.

In the 21% century an inseparable component of the development of the
methodology of teaching physics-mathematics and professional-technical
disciplines in technical lofHE is innovation — objects of implementation or a
process that contributes to the emergence of something new — innovation [11], in
particular STEAM-education, which reflects transdisciplinarity between four
components (sciences, technologies, engineering and mathematics).

In our opinion, the results of the scientific investigations of the above-
mentioned researchers [12; 13] reflect the progressive movement of education in
Ukraine from the position of a post-industrial society, which can be characterized
by the phenomenon — «innovative social educational and scientific organization of
the 21% century» (Figure 2).

According to scientists, this phenomenon of the XXI century is explained by
the inevitability of fundamental changes in the processes and procedures of
scientific and technological development, taking into account gender equality.

In Figure 1 the reasons and regularities of the emergence of such an
arrangement and its new structure, which determines all changes in science and
education, are presented, in particular, as a solution to the contradictions that arose
in the 90° of the XX century.

Considering the analysis of the content of the components of order, modern
science has practically unlimited possibilities for the conquest of the universe by
man. Along with science, through interaction with practice (industry, agriculture),
technologies also develop. Evolutionarily, the development of science is generally
different from the development of technology. Historically, since its inception,
science had unrelated fields of knowledge scattered in natural philosophy. After
the first industrial revolution, the unification of scientific disciplines into larger
specialized associations, their differentiation: interdisciplinarity, cross-
disciplinarity, transdisciplinarity, etc.

The development of engineering and technology over a long period of time
contributed to important discoveries, the progress of a separate industry, and then
the system of industries, and their integration. Thanks to the acceleration of science
and technology, the market economy has practically penetrated into all areas of
society, it is possible to observe the intersection in time of a number of waves of
the scientific and technical revolution, the generation of new mechanisms for
regulating socio-economic and scientific and technical development, the
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modernization of the leading economic and social systems of the world,
globalization and world integration of all fields, in particular science and education,
but there is always an anticipatory development of the latest knowledge in relation
to technology.

Exacerbation of geosocial contradictions Gaps in the functioning of scientific, technical
. . . h
in the context of gender equality and economic development of the 20" century

3
v

. .. . . th st .
A new socio-humanistic arrangement of innovations of the late 20 —earlv 21 centuries
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An innovative model of development as a solution Development of industry, agricultural production,
to quantitative and qualitative disparities in society, education, technologies
innovation policy
¥ v
.| New mechanisms of regulation of scientific and The cardinal role of science and technology based
"] technical development in the context of STEAM on gender equality l
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global integration of all industries in the context of gender equality

Figure 2. Innovative social educational and scientific organization of the 21% century

According to the model of the interaction of notification and servicing
processes (sources of resources) in the chain of «science — innovative infrastructure
— an innovative system of lofHE» [13], innovativeness is a defining characteristic
of any modern processes, namely: scientific and technical, production, socio-
economic, social. The transition to the innovative development of HE has a decisive
socio-economic and humanistic significance since the main attention belongs to the
processes of transforming a person from an agent of scientific, technical and social
progress to his real subject, the deployment of a person’s creative potential and its
realization [14].

Comparative research of the components of the global competitiveness index
(Global Competitiveness Index) of Ukraine according to the data of the World
Economic Forum for 2019-2020 confirms that Ukraine ranks 81% out of 137
countries, the highest place in which the component of HE in Ukraine is 35" place
among 137 countries of the world.

One of the innovations in modern global education is STEAM. We consider
the main essence of the STEAM concept, STEAM competencies, and STEAM-
technologies as a means of teaching physics.

STEAM-education forms a complex of certain qualities for the
acquirer/acquirer of education, namely: critical thinking, creativity skills,
teamwork, engineering and programming abilities. Achieving the corresponding
goal in teaching physics, mathematics and professional technical disciplines can be
achieved by integrating STEAM-disciplines through interdisciplinary education
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and research activities [14, p. 16-33], which requires the introduction of new
methodological approaches and STEAM-tools in their teaching methods.

Thus, the analysis of scientific and practical experience on the problem of
creating a gender-sensitive environment based on STEAM education in higher
education institutions made it possible to state that:

— the modern level of scientific and technical progress increases the
importance of science, engineering, and technical components in the training of
specialists based on STEAM-education technologies, which requires: a transfer of
the teaching process of physics-mathematics and professional-technical disciplines
of HE to a much higher level, especially with the use of STEAM-learning
technologies to support and organize the cognitive and research activities of
education seekers, taking into account the gender approach. The use of STEAM-
technologies as a means of learning in the teaching methodology of physics,
mathematics and professional technical disciplines with a combination of
transdisciplinary, systemic and professionally oriented approaches allows
strengthening the professional orientation of the training of future HE specialists at
a new level;

— taking into account the importance of fundamentalization as a didactic
principle of designing the teaching content of physics and mathematics disciplines
and vocational-technical disciplines in lofHE from the perspective of the paradigm
of STEAM-education, transdisciplinary, systemic and professionally oriented
approaches and the fundamentalization of the content of physics teaching, the
theoretical and methodological principles of teaching are substantiated taking into
account approach of gender equality based on STEM-education technologies;

— a model of a gender-sensitive environment based on the principles of
STEAM-education has been created, which will increase the level of knowledge of
students in the process of learning physics, mathematics and professional-technical
disciplines. The formation of a gender-sensitive environment based on the
principles of STEAM-education is because such an environment is a special means
of forming the executive, search and creative abilities of education seekers, as well
as a tool for performing managerial functions to achieve the goals of physics,
mathematics and vocational education.
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Hoaixyn H.I.,

KaHOUOamKka neodazo2ivHux Hayk,

cmapuiuli HaAyKoeuti cnigpoOimHuK,

3a8i0y8auKka 8i00LLy NiOMpumMKu 060apo8aHOCi
Inemumym o60aposanoi oumunu HAIIH Yxpainu

OCOBJIUBOCTI PEAJIIBALILI IHTEI'POBAHOT'O IIIAXOAY TA
BUIN HABYAJIBHOI IHTETPALIII STEAM

Y cmammi npoananizoeani oesxi ocobausocmi iHme2posano2o nioxooy 00
Hasuanusa STEAM, nokazaumo Oeski 6ajxciugi KOMNOHeHmMU OUCYUNTIHAPHOL |
Midxcoucyuniinaproi neoacociunoi npaxmuxu STEAM, wo enausaroms Ha il
eghexmusHicmo. I[looano asmopcvky mooennb, AKa NOEOHYE Pi3Hi 6UOU iHmezpayii
ma NOKA3aHO IXHI MOMCAUBOCMI Ol BUPIWEHHS PIZHOMAHIMHUX 3A80AHb
STEM/STEAM-oceimu

Knrouosi cnosa: interpanis muctentBa i STEAM, po3BUTOK KpeaTUBHOCTI,
mozaeni interparii B STEAM

This article analyzes some features of the integrated approach to STEAM
learning. The most important components of disciplinary and interdisciplinary
pedagogical practice that affect its effectiveness are shown. The author's model is
presented, which combines various types of integration and shows their
possibilities for solving various tasks of STEM/STEAM education

Keywords: integration of art and STEAM, development of creativity, models
of integration in STEAM

STEAM € akpoHIMOM 15 T’ SITH PI3HUX MPEIMETHUX rainy3ed — NpUpOAHHUYl
HayKH, TEXHOJIOT1, 1H)KeHepli, MaTeMaTUKH 1 MUCTEITBA, KOXKHA 3 SIKMX Ma€ CBOI
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