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Annotation. This article examines the pedagogical aspects of developing the
professional competencies of chemistry teachers in the context of the Sustainable
Development Goals (SDGs). In the face of global challenges, the teacher training
system requires the integration of the principles of Education for Sustainable
Development (ESD), aimed at fostering critical thinking, systematic analysis,
and strategic planning. The article analyzes key teacher competencies necessary
for the effective implementation of SDGs in the educational process, including
systematic and critical thinking, anticipatory forecasting, normative and strategic
competencies, as well as interdisciplinary collaboration skills. Particular attention is
given to pedagogical models such as flipped learning, gamification, project-based,
and interdisciplinary approaches that contribute to the professional development
of chemistry teachers. The study substantiates the need for the implementation of
innovative educational strategies aimed at developing environmental awareness,
analytical skills, and research activities among future educators. Methodological
aspects of integrating SDGs into chemistry teacher training curriculum, as well
as international experience in this field, are explored. The research findings
highlight the importance of a comprehensive approach to shaping the professional
competence of chemistry educators, incorporating interactive teaching methods,
digital technologies, project-based, and problem-oriented learning. The conclusion
presents recommendations for optimizing the educational process to ensure teachers
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are prepared to integrate sustainable development principles into school chemistry
education.

Keywords: sustainable development goals, professional competence,
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Annorauus. byn makanana Typakre!r namy makcartapsl (T[IM) ascbinga Xumust
MOHI MyFaTiMIEpiHIH KociOM KY3BIPETTINIriH KaNbINTACTBIPYIBIH MeIaroruKabIK
acTeKTiNepi KapacThIpbliaabl. FanaMabIK ceIH-KaTepIep KarJaibiHaa MyFaTiMaepai
nasipnay xyiecine Typakrtel namy yurin Oinim 6epy (T/IBB) karunartapbia eHrizy
KaXKETTUIIr aliKpIHIanfad. bysl Karugartap ChIHM OWJaynbl, KYHeni Taijaynsl
KOHE CTPATETHSUIBIK JKOCTapiaylsl JaMmbliTyFa OarbiTTanran. Makanaga OiniM
Oepy yaepicinae TAM-npl THIMII jKy3ere achlpy YIIiH MyFajiMre Ka)KeTTi Heri3ri
KY3BIPETTEp: JKYHel *KoHe ChIHU Oijiay, O0KaMJIbIK Ka0ileT, HOPMATHBTIK JKOHE
CTpaTerusIbIK KY3BIpETTep, COHMAH-aK IOHApajbIK ©3apa iC-KUMBLI AaFAblLiapbl
TajaHaabl. XUMUsI MYFaJIiIMJICPiHIH KOCiOU JaMybIHA BIKIAJ €TETiH MeIaroruKabiK
Mozenbaepre ayaapbuiran okpiTy (flipped learning), refimudukanus, >xo0anmbik
KOHE TMOHApaNbIK TOCUIAEp JKaTaTblHBI aram eTueni. 3eprreyge Oosmamiak
MYFaJIiMAEP/IiH SKOJIOTHUSIIBIK CAaHACHIH, aHAINTHKAJIBIK KaO1IeTTEpiH KOHE 3epTTey
JaFAbUIApbIH 1aMbITYFa OarbITTalfaH MHHOBALMSUIBIK OilliM Oepy cTparerusuiapblH
SHTI3YIIH MaHbBI3AbUIBIFBI Herizfeneni. CoHpail-ak, XUMHs IIOHI MyFajaiMaepiH
nasipnay OarnmapiamacbiHa T/IM-apl KipiKTIpy[iH OIiCTEMENiK acHeKTiiepi MeH
OCBl CallafiaFbl XaJbIKAPaJIbIK TKIpHOE KapacThIPbUIAAbL. 3epTTey HOTHKENIepi
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KoCiOM KY3BIPETTUTIKTI KaJbINTACThIPyAa KEIICHI TOCUIAIH, HHTEPAKTHBTI OKBITY
oicTepiHiH, HUPIBIK TEXHOIOTHUSIIAP MEH YK00aJIBbIK TOCUIIEP/IiH MaHBI3IbUIBIFBIH
kepcereni. KopbITBIHIBI O6JiMe MEKTENTeri XUMHUS TOHIHE TYPaKThl JaMy
KaruIaTTapblH KipiKTipyre AalblH MyFaTiMAEpl Jaspiayasl )KeTUIAIpyre apHaIFad
YCBIHBICTAp OepiireH.

Tyiiin ce3aep: TypaxkTbl IamMy MakcarTapbl, KOCiOM KY3BIPETTUIIK, KY3BIpET,
XUMHSI MyFaIimi
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AnHoTauusi. B crarbe paccMarpuBaloTCs MeJaroruueckue acrteKkThl (POpMHPO-
BaHMsI MPO(ECCHOHANBHBIX KOMIIETCHIUH yuHTesnell XuMuu B KoHTekcTe Llemeit
ycroituuBoro pa3sutus (L[YP). B ycrnoBusx rio0anbHBIX BBI30BOB CHCTEMa MOATO-
TOBKHM T€AaroroB TpeOyeT MHTErpaluyi NPUHLIUIIOB 00pa30BaHMs Il YCTOHYUBOTO
passutus (OYP), HanpaBieHHBIX Ha Pa3BUTHE KPUTHUYECKOTO MBILUICHHS, CHC-
TEMHOTO aHaJIM3a U CTPATETHYECKOTO INIAHUPOBaHMS. AHAIU3UPYIOTCS KIIIOYEBBIE
MearoruuecKue KOMIEeTeHIMN, HeoOXonumble 1iist 3¢ dexTruBHOM peanuzaunu L[YP
B 00pa3oBaTelIbHON TpaKTHKE: CUCTEMHOE M KPUTHUYECKOE MBIILICHHE, TMPOTHO-
3UPOBAaHUE, HOPMATHBHBIE U CTPATETMYECKUE KOMIIETCHIIMM, a TAK)K€ HABBIKU
MEXIUCUUIUTMHAPHOTO B3anmozaehcTBus. Ocoboe BHUMaHWE yAeseTcs Ieaaro-
THYECKUM MOJEIISIM — IepeBepHYTOMY 00y4YeHHI0, FeMMUPHUKALINH, TPOSKTHOMY H
MEXIUCHUILTHHAPHOMY OAXO0aM, CIIOCOOCTBYIOINM Pa3BUTHIO PO ECCHOHATBLHOM
KOMIIETEHTHOCTH yuuTened xumuu. OOOCHOBaHa HEOOXOOUMOCTb BHEIAPEHHS
WHHOBAIIMOHHBIX 00pa30BaTeIbHBIX CTPATETHi, HAIIPAaBICHHBIX HA (OPMUpPOBAaHUE
3KOJIOTUYECKOTO CO3HAHUS, AaHATTUTUYECKUX YMEHUM U UCCIIE10BATEIbCKUX HABBIKOB
Oynymux nenaroroB. PaccMoTpeHsl MeTo0M0rn4ueckre acrekTsl uuTerpanuu LIYP
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B IporpaMmMbl MOATOTOBKHU yaneﬂeﬁ XUMUHU U MC)K,E[}/HBPOI[HHﬁ OIIBIT B ,Z[aHHOfI
cq)epe. P C3yJbTaTbl HMCCICAOBAHUA TOATBCPIKAAOT BaXKHOCTH KOMIIJICKCHOI'O
noaxoga K q)OpMHpOBaHI/IIO HpO(i)GCCI/IOHaJ'IbHLIX KOMHGTCHHI/II\/'I, BKJIFOYAXOIICTO
HCIOJIb30BAHUC MHTCPAKTUBHBLIX MCTOHOB, L[H(l)pOBLIX TeXHOJ’IOl"HfI, IMPOCKTHOI'O 1
l'[pO6J'ICMHO—OpI/IeHTI/Ip0BaHHOI‘O 06y‘lCHI/I$I. B 3akmrouenuu MMpeACTaBJICHBI PEKO-
MEHIAalIWKU II0 OITHMHU3AllKU 06pa30BaTCJ'IbHOI‘O mnmponoecca € LCJIbO MNOATOTOBKU
neagaroros, CITOCOOHBIX HUHTCTPUPOBATL TPHUHIIUIIBL yCTOfI‘IHBOI‘O pa3BUTUA B
IIKOJIBHOC XUMHUYECCKOC O6p330BaHI/Ie.

KiroueBble ciioBa: Jatsaese yCTOﬁqHBOFO pa3BUTUA, HpO(l)CCCI/IOHaJ'ILHaH KOMIIC-
TCHTHOCTb, KOMIICTCHLIUA, YUUTCIIb XUMUHU

Introduction. In today's era of globalization, the issue of developing the profes-
sional competence of educators in the field of education has become increasingly
relevant. The United Nations 2030 Agenda for Sustainable Development has
explicitly emphasized the need to improve the quality of education and modernize the
process of training professionals and teachers in the education sector. The Sustainable
Development Goals (SDGs) define key priorities for the global community and
necessitate the alignment of educational systems with these objectives.

This article focuses on the pedagogical aspects of developing the professional
competence of chemistry teachers within the framework of the SDGs. Professional
competence in chemistry teaching extends beyond subject knowledge to include the
ability to guide students in addressing ecological, economic, and social challenges,
thereby fostering universal competencies. In this regard, the integration of SDGs into
the educational process is one of the essential conditions for enhancing the professional
competence of chemistry teachers. The alignment of professional competence with
the SDGs requires the identification of theoretical and methodological foundations,
making this issue particularly relevant. This necessitates the exploration and
application of pedagogical theories that support the integration of sustainable
development principles into teacher education.

Literature review. Research confirms that the integration of Education for
Sustainable Development (ESD) into teacher training programs plays a crucial role in
the development of professional competencies for future educators. This integration
enhances their readiness to implement sustainable development principles into
educational practice. The development of sustainable behaviors among teachers
contributes to students' environmental literacy, stimulates socially responsible thinking,
and adapts educational programs to global challenges (Letina & Dikovi¢, 2024).
Participation in sustainable development courses among students of pedagogical
universities remain low, as evidenced by research results showing that 45% of students
did not consider income inequality as a global problem (Borges, 2019).

The application of innovative teaching methods contributes to improving the
quality of higher education and achieving the Sustainable Development Goals
(SDGs). Methods such as Flipped Learning help develop critical thinking, encourage
active student participation in the learning process, and foster the professional
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competencies necessary for solving global problems (Quadrado & Zaitseva,
2019). Studies show that traditional lecture-based methods are less effective in
engaging students in cognitive activity, while flexible learning models increase their
involvement and improve their understanding of complex concepts.

The integration of SDGs into teaching practice promotes the development of
critical thinking and environmental literacy among future teachers. An example
is a study conducted in China, where students developed curricula that included
sustainable development principles in science education. The results showed that
despite having a strong background in science, many students did not integrate
sustainable development principles into their curricula, highlighting the need for
more in-depth teacher preparation in this area (Guo, Huang, & Chen, 2024). An
important aspect of the successful integration of SDGs into education is cooperation
with international organizations and the exchange of experiences. In countries such
as Chile, researchers emphasize the importance of developing the professional
competencies of future teachers capable of integrating sustainable development
principles into their teaching practices. This requires both deep theoretical knowledge
and practical skills that will help teachers effectively use methods and approaches to
address global issues (Letina & Dikovi¢, 2024).

Sustainable development requires teachers not only to have subject knowledge
but also to be able to integrate environmental and social aspects into curricula. This
includes training educators who can teach students not only how to solve problems
but also to critically reflect on how their solutions impact the environment and
society. Teacher training programs should develop the skills needed to address global
environmental challenges (Aldowaish et al., 2022). The literature review confirms the
importance of training teachers who can integrate sustainable development principles
into their educational practices. This requires not only theoretical knowledge, but
also practical skills needed to tackle global challenges. Innovative teaching methods,
such as flipped learning, help develop these skills, and international experience
demonstrate the effectiveness of such approaches. It is also important to continue
developing methods that encourage active student engagement in sustainable
development and teach them to address environmental and social issues. Including
these aspects in your article will help make it more comprehensive and relevant to
the discussion about the role of education in achieving the Sustainable Development
Goals.

Methods and materials. The goal of this study is to analyze the role of chemistry
teachers in integrating sustainable development principles (SDGs) into educational
processes, as well as to explore the pedagogical approaches and competencies
necessary for the effective implementation of these principles. The objectives of the
study include:

* Identifying key competencies of chemistry teachers for integrating SDGs into
educational programs.

* Analyzing existing pedagogical methods that foster the development of
sustainable thinking in students in the context of chemistry.
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* Providing recommendations for improving the training of chemistry teachers in
the context of sustainable development, including the development of professional
and methodological competencies necessary for effectively teaching sustainable
development in chemistry.

This is a qualitative study with elements of quantitative analysis aimed at
exploring practices, methods, and competencies related to the integration of SDGs
into education, including in chemistry teaching. The study will use both descriptive
and analytical approaches to explore theoretical aspects and potential practical cases
in sustainable education, especially in the context of teaching chemistry.

Results. In modern education, it is increasingly important not only to acquire
fundamental theoretical knowledge but also to develop the ability to connect
knowledge with real-life situations, including everyday life and professional
activities. This highlights the necessity of applying integrative and competency-
based approaches in education. When effectively combined, these approaches
enable more optimal learning outcomes across various subjects, further emphasizing
the significance of the chosen research topic. Professional competence refers to
the combination of knowledge, skills, abilities, and personal qualities required for
effective and high-quality professional activity. This concept plays a crucial role
in pedagogical practice, as a teacher’s professional competence directly influences
their success in the teaching and educational process.

First, let us define the concept of "competence." Various definitions of this term
can be found in numerous literary sources. An analysis of fundamental pedagogical
and psychological literature reveals that the terms "competence" and "competency"
are frequently used in pedagogical practice. However, there is no universally accepted
and precise interpretation of these terms. Additionally, the relationship between
these concepts, their types, and possible classifications differ significantly among
authors. Let us begin by examining the term "competence." In Latin, it translates
as "to correspond, to match, to be suitable." The term was introduced in 1959 by
American psychologist White, who defined it as an individual's ability to effectively
interact with their environment. According to the definition in the explanatory
dictionary of the Russian language by Ozhigov and Shvedova, "competence" refers
to a person's deep awareness and knowledge in a particular field. According to the
authors, competence is based on a person’s skills, experience, and abilities, which,
in turn, enable them to perform specific tasks or fulfill assigned responsibilities.
One of the authors who provided the most comprehensive definition of the terms
"competence" and "competency" is A.V. Khutorskoy. In his view, competence-
based learning involves the integrated acquisition of fundamental knowledge and
skills by the learner, as well as a focus on achieving the ultimate educational and
developmental outcomes (Bekenova, 2024).

Education is one of the highest values that ensures social and cultural processes in
society. The key condition for improving the quality of this value is the development
of teachers' professional competence. Therefore, in the process of building a
knowledge-based society, educators are expected to demonstrate a high level of
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professional competence. The foundation of the competency-based approach lies in
answering the question: "What kind of knowledge does society need, and how can
it meet both societal and individual needs?" Developing teachers' competencies is
one of the most pressing issues in modern education. This approach is considered
an effective way to overcome the crisis caused by the contradictions between
traditional teaching methods and the expansion of educational content. Here, the
emphasis is placed not on the amount of knowledge acquired but on the ability to
apply it effectively. For this reason, the concepts of competence, competency, and
professional competency are widely used in the education systems of developed
countries and have been integrated into the key directions of our country’s new
educational standards. In the context of globalization, we strive to explore the
meaning of professional competence and examine relevant research in this area
to determine its practical significance (Qaliev, 2015). According to scholar K.
Kudaibergenova, the concept of competence is defined as follows: "Competence
is a term introduced in pedagogy in recent years as a result of increased attention
to the subjective experience of an individual. The Latin term 'competens' refers to
a person who possesses deep knowledge and experience in a particular field and is
capable of making authoritative decisions on specific issues." Kazakhstan scholar
S.Z. Baikhonova defines a teacher’s professional competence as "a harmonious
combination of scientific-theoretical, methodological, pedagogical, and psychological
preparation." Furthermore, it encompasses the process of developing skills and
abilities essential for professional and creative activities, as well as the cultivation
of significant personal qualities (Sardarova & Zhangozieva, 2019). According to
the scholar, the professionally significant qualities of a teacher include reflection,
adaptability, empathy, communication skills, the ability to collaborate, emotional
appeal, sensitivity to understanding students' needs, self-criticism, and mobility,
i.e., competitiveness. In the approach of N.K. Kabardov and E.V. Artsishevskaya,
competence is understood as a behavioral characteristic, the activity of an individual,
and the level of formation of necessary skills. They viewed competence as both
a stage of mastery and a result of learning. Within the framework of educational
modernization, the competency-based approach is aimed at developing a concept
of expected outcomes. According to M.V. Ryzhkov, competence encompasses not
only cognitive and technological components but also motivational and social
aspects. It is considered a universal concept that integrates learning outcomes with
value orientations. Meanwhile, N.G.Miloradova proposes four key directions for
developing competence within the education system: Professional-methodological
competence —mastering methodological skills in one's field; Operational competence
— a set of effective experiences and skills for successfully performing specific tasks;
Social communication competence — the ability to establish productive connections
with society and the workplace; Personal competence — self-awareness, reflection,
and the ability to identify and develop personal values (Aqtanova, 2021).

Modern education focuses on mastering three fundamental competencies:

1. Communicative competence —self-management, readiness for social interaction,
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the ability to implement and assess professional outcomes, understanding societal
development trends, high communicative skills, and adaptability in communication.

2. Information competence — analytical thinking, clear and strategic vision,
mastery of information resources, and the ability to integrate modern information
technologies into life processes.

3. Problem-solving competence — creativity, the ability to establish harmony
between goals and communication programs (Melyan, 2021).

Professional-pedagogical competence consists of several key types: special
competence, methodological competence (knowledge of the subject, skills, and
methods for their development), and psychological-pedagogical competence
(students' motivation, abilities, and methods for their personal development). The
qualitative formation of each of these competencies is closely related to the level
of a specialist’s professional competence. From a functional-personal perspective,
professional competence forms the foundation of a teacher's pedagogical activity
and is manifested as the ability to solve pedagogical tasks using various methods.
This concept encompasses general approaches and a set of skills that ensure
the effectiveness of professional activity. A teacher’s professional competence
is continuously demonstrated and applied in various forms throughout their
daily pedagogical practice. It is considered a personal attribute that includes
three interrelated components: professional knowledge (knowledge applied in
pedagogical practice), professional skills (the abilities and competencies required
to perform professional tasks), and professional values and qualities (the teacher’s
personal characteristics and values). These components are systematically integrated
to support the teacher’s personal development and serve as prerequisites, tools, or
outcomes in the pedagogical process (Shopan, 2019). As Abai Qunanbaiuly stated,
all phenomena in nature follow certain laws, and by adhering to these laws, a person
can achieve their goals. Today, mastering effective management skills is the key to
achieving new qualitative results. For management actions to be successful, every
citizen must preserve their country, language, history, traditions, and cultural heritage
with great responsibility and ensure their continuity for future generations. Based on
the ideas mentioned above, competence can be defined as an individual’s ability
to effectively apply specific knowledge, skills, experience, and behavioral patterns
in real-life situations. This concept is characterized as an integrative outcome of
educational content, indicating that competence is formed not only within traditional
learning methods but also in informal and supplementary educational contexts.

The role of modern chemistry in human civilization is particularly significant.
Chemistry contributes to meeting the growing demand for new materials and
technologies in society and in individuals while fostering the development of
students’ chemical and environmental thinking. To achieve these objectives,
chemistry teachers must continuously improve their pedagogical and subject-related
competencies, master methodological tools, and be motivated for self-development
and professional growth. In the modern educational environment, a chemistry
teacher’s subject competence is considered a crucial component of their overall

() O & 216




ISSN 1991-3494 5.2025

professional competence. This competence is formed through an open, complex,
and continuously evolving system that includes several subsystems, such as higher
pedagogical education, additional professional training, and self-development.

The professional activity of chemistry teachers consists of several functional
components:

* Gnostic component — mastery of the subject area and the ability to analyze the
content and methods of teaching.

* Organizational component — structuring students' activities and managing
information within the pedagogical process.

» Communicative component — the ability to interact effectively with students,
colleagues, and parents; this component also focuses on developing students'
analytical and cognitive skills.

* Constructive and design components — planning and structuring the content
of teaching and education, as well as organizing students' learning activities. An
essential aspect of a teacher's professional activity is reflective management, which
involves monitoring and adjusting students' activities to develop their sense of
personal responsibility. One of the key tasks of chemistry teachers is to transform
students into active subjects of their own learning process by fostering the knowledge,
confidence, and initiative necessary for independent problem-solving (Formation of
subject competence of pedagogical specialists in chemistry, 2023).

Table 1 — Description of the Professional Competence of Chemistry Teachers

Ne | Type of Competence | Description
1 | Subject Competence | Deep theoretical and practical knowledge in the field of chemistry.
Mastery of conducting chemical experiments and explaining them to
students. Ability to organize chemical processes while adhering to safety
regulations.
2 | Methodological Effective use of modern pedagogical technologies in chemistry
Competence teaching, adapting educational content considering students' individual
characteristics.
3 |Psychological- Ability to enhance students' interest in learning by considering their
Pedagogical psychological and age-related characteristics.
Competence
4 | Information Use of digital tools, materials, and online educational platforms,
Competence application of neurotechnology’s, visualization of learning materials, and
use of virtual laboratories in chemistry teaching.
5 |Innovative Implementation of new teaching methods through research and creativity,
Competence increasing students' interest by demonstrating the practical relevance of
chemistry education.

Let us focus on subject competence, one of the key aspects of a chemistry teacher’s
professional competence, as outlined in the table above. The subject competence of
chemistry teachers refers to their ability to acquire the necessary knowledge and
skills in chemistry and apply them effectively in the educational field to ensure
professional efficiency. This competence consists of several essential components.
First, a chemistry teacher must master theoretical chemical knowledge, deeply
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understanding fundamental theories and concepts in chemistry and being able to
explain them clearly to students. Second, the ability to apply theoretical knowledge
plays a crucial role. A teacher must be able to analyze chemical information, explain
chemical phenomena and the properties of substances, and develop students’
problem-solving skills. Third, the ability to conduct experimental work is vital.
A chemistry teacher must be capable of organizing laboratory experiments and
accurately interpreting their results to enhance students’ practical understanding
of chemistry. The professional self-development of a chemistry teacher consists
of several stages. First, the teacher identifies their individual professional needs
and plans ways to develop them. Then, they set specific goals in accordance with
these needs. At each stage of self-education and the educational process, the teacher
defines concrete tasks and formulates expected outcomes. They select the necessary
methods and tools and focus on their implementation. Additionally, through self-
organization, monitoring, and adjustment, they consciously engage in the process of
self-improvement. Finally, they analyze their results and determine areas for further
enhancement (Kosinova, 2023).

Discussion. Sustainable Development Goals and Their Impact on Pedagogical
Competence. On September 25, 2015, the United Nations General Assembly adopted
the 2030 Agenda for Sustainable Development. This universal program, aimed at
guiding humanity towards sustainable development, was based on the decisions
made at the 2012 United Nations Conference on Sustainable Development held in
Rio de Janeiro. Over a period of three years, representatives of UN member states,
millions of citizens, and thousands of organizations contributed to its preparation
through research and surveys (United Nations General Assembly, 2015).

The 17 Sustainable Development Goals (SDGs) serve as the core element of
the 2030 Agenda. These goals encompass the key priorities for human development
and are aimed at creating a sustainable, peaceful, just, and prosperous future for
all. They address global challenges, including the need for efficient use of natural
resources while considering their limitations. Additionally, the agenda emphasizes
that poverty eradication must be pursued alongside economic growth strategies,
ensuring a balanced and inclusive approach to development. An international
implementation framework has been developed, focusing on three key issues:
sustainability challenges, the role of values, and the interconnections between
various United Nations initiatives. First, regarding sustainability challenges,
education for sustainable development must prepare individuals to address, plan, and
overcome issues that threaten the stability of our planet. Many of these issues were
first discussed at the 1992 Earth Summit in Rio de Janeiro and later revisited at the
2002 World Summit on Sustainable Development in Johannesburg. These challenges
include: Access to water (a potential source of conflicts), Energy issues (particularly
the transition to renewable energy), Biodiversity, Healthcare (UNESCO 2017).

In the fifth clause of the Johannesburg Declaration, it was emphasized that
these issues are the responsibility of states and should be addressed within both
spatial and temporal scales. Furthermore, it was stated that they relate to the three

() O & 218




ISSN 1991-3494 5.2025

pillars of sustainable development: the environment, society, and the economy. The
declaration states: "We recognize our collective responsibility to advance economic
and social development and environmental protection as interdependent and mutually
reinforcing pillars of sustainable development at the local, national, regional, and
global levels." In the eleventh clause of the declaration, the following goals were
identified as key objectives and prerequisites for sustainable development: poverty
eradication, adaptation of consumption and production patterns, and the management
of natural resources essential for economic and social development. The concept of
sustainability is highly complex and multifaceted, encompassing everything from
waste management to the protection of human rights, poverty reduction, population
migration, and climate change. To address these challenges, it is necessary to
implement innovative educational strategies capable of fundamentally transforming
citizens' behavior. Stepping into the 21st century and transforming their way of
thinking, states must rely on the values that shape their national identity. Education
for sustainable development does not aim to completely negate history and culture
or oppose traditional society to a technological one. Instead, it seeks to foster an
understanding of the values of our own society as well as those of others. This
is a key aspect of education for sustainable development. "Every nation, cultural
group, and individual must recognize their own values and learn to assess them in
the context of sustainability" (UNESCO, 2005, p.7). Values include the following:
ideas of justice (human rights, fairness), respect (for people, for nature), emotions
(empathy, cooperation), and principles (participation, precaution, responsibility).
The integration of values into educational programs requires in-depth discussion.
Education for sustainable development primarily aims to convey values and ensure the
continuity of heritage across generations. This approach allows for the identification
of values in accordance with local contexts and cultural characteristics. Culture is
considered the fourth pillar of sustainable development. The Decade of Education
for Sustainable Development must align with other international initiatives. These
include the Millennium Development Goals, Education for All, and the United
Nations Literacy Decade. To achieve the Sustainable Development Goals (SDGs),
UNESCO is currently working on enhancing education for sustainable development
and has introduced a new initiative—the Education for Sustainable Development
(ESD) for the 2030 program. This initiative describes education as the ideal
pathway to achieving the SDGs. According to this concept, the SDGs constitute a
broad agenda that cannot be realized without education. In its report "Education for
Sustainable Development Goals: Learning Objectives," UNESCO states that global
citizens for sustainable development represent the vision of humanity proposed by
ESDG. The report identifies key competencies for sustainability, including systems
thinking, anticipatory competence, normative perspective, strategic collaboration,
critical thinking, self-awareness, and the ability to solve complex problems. These
competencies represent a significant milestone in the discussion of essential skills
over the past decades. The competencies for sustainable development align with
the skills that learners should develop in the field of Education for Sustainable
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Development (ESD), as identified by the Japanese National Commission for
UNESCO. These competencies include the following:

o Values of sustainable development — respect for human dignity, appreciation of
diversity, inclusivity, equal opportunities, and environmental protection.

o Systems thinking — understanding the essence of issues and phenomena,
analyzing them through a holistic and comprehensive approach.

o Critical thinking — the ability to conduct critical analysis and evaluation.

o Data and information analysis — the ability to assess and interpret information
effectively.

o Communication skills — effective interaction and expression of ideas.

o Leadership development — fostering leadership abilities.

Additionally, key competencies for sustainable development include anticipatory
competence, strategic planning, and self-awareness. The Sustainable Development
Goals (SDGs) aim to illustrate the interconnectedness of environmental, economic,
and social issues by defining objectives and indicators, analyzing the implementation
process, setting priorities, and executing forward-looking actions. Furthermore, the
SDGs seek to strengthen partnerships from the community level to higher institutional
levels. These new approaches to achieving the SDGs are implemented through core
competencies in sustainable development and are directed toward addressing these
challenges .

Table 2 — Competencies Required for Sustainable Development

No Competency Description

1 Systems Thinking Competency | Ability to analyze complex systems, understand
interconnections between various aspects of sustainable
development, and effectively operate under uncertainty.

2 | Collaboration Competency Ability to learn from others, understand different perspectives,
work in teams, resolve conflicts, and organize problem-
solving processes through cooperation and participation.

3 | Anticipatory Competency Ability to understand and evaluate future scenarios, apply
foresight principles, assess consequences of actions, and
manage risks and changes.

4 | Critical Thinking Competency | Ability to critically question norms, practices, and opinions,
analyze personal values, perspectives, and actions, and form
a stance on sustainability issues.

5 | Normative Competency Ability to understand and analyze norms and values related
to sustainable development, recognize ethical principles, and
apply sustainability-related values and goals.

6 | Self-Awareness Competency Understanding one’s role in local and global communities,
evaluating personal actions, and fostering motivation for
sustainable development.

7  |Strategic Competency Ability to collaboratively design and implement innovative
strategies that promote sustainability at local and global
levels.

8 |Integrated  Problem-Solving | Ability to use various approaches to solve complex
Competency sustainability issues and develop inclusive, fair, and
sustainable solutions.
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Education for Sustainable Development (ESD) is considered an integral part
of the Sustainable Development Goals (SDGs) and is directly linked to SDG 4
(Quality Education) and Target 4.7, which emphasizes global citizenship education.
UNESCO views these two aspects as mutually reinforcing elements. Furthermore, it
is essential to highlight the significance of ESD within the broader framework of the
remaining sixteen SDGs. Education for Sustainable Development primarily focuses
on developing interdisciplinary competencies in learners and makes a substantial
contribution to collective efforts in achieving the SDGs. This educational approach
enables individuals to influence social, economic, and political changes, as well as
to actively engage in the sustainable development process by modifying their own
behavior. Additionally, ESD fosters the development of social-emotional, cognitive,
and behavioral skills, helping to fulfill the specific objectives of each SDG. This,
in turn, accelerates the implementation of sustainable development goals. In other
words, Education for Sustainable Development not only helps individuals understand
the essence of the SDGs but also equips them with the knowledge and skills necessary
to actively contribute to their realization. It empowers citizens to make informed
decisions and participate in transformative changes aimed at building a sustainable
future.

Education for Sustainable Development (ESD) has introduced various models
outlining the competencies required for educators. One such model is Sleurs’
(2008) model, which was developed because of a project by the United Nations
Economic Commission for Europe (UNECE). This model, known as the "Dynamic
Model of ESD Competencies in Teacher Education,”" focuses on integrating ESD
into teacher training curricula. In this model, the teacher is not only regarded as an
educator but also as an individual engaged in dynamic interactions with students,
colleagues, and society. The model defines ESD competencies for educators based
on three professional dimensions: the teacher as an individual, the teacher as a
professional within educational institutions, and the teacher as an active member of
society. It also highlights three core competencies: teaching, reflection, networking
and collaboration. The competencies required for implementing Education for
Sustainable Development encompass knowledge, systems thinking, emotions,
values, and ethics. These competencies equip educators with the ability to integrate
sustainability principles into teaching and learning processes, fostering a deeper
understanding of sustainable development among students.

Thenextmodel, "KOM-BiNE," encompasses three behavioral domains ofteachers:
the teaching environment, the institutional environment, and society. This model is
similar to the professional dimensions described in Sleurs’ model. According to this
model, ESD competencies include the following elements: knowledge and action, as
well as values, communication and reflection, planning and organization. The model
proposed by Bertschy, Kiinzli, and Lehmann (2013) focuses on professional action
competencies specific to ESD and is directed toward early childhood and primary
education. This model is based on the UNECE and Sleurs ESD competency models.
The Bertschy model emphasizes knowledge in complex and multifaceted ESD topics
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and the ability to translate this knowledge into teaching and learning materials. It also
considers the ability to constructively resolve conflicts related to such topics. This
model views ethical evaluation as a learning objective and collaborative creation
competence as a central element that students should develop. UNESCO's Bangkok
project ("Integrating Education for Sustainable Development (ESD) into Teacher
Education in Southeast Asia," UNESCO, 2018) presents another influential model
of teacher competencies in ESD. This model is based on a review tool designed
to assess the extent to which ESD has been integrated into teacher education
programs. The model evaluates seven key competencies in teachers' ESD practice,
which are outlined as follows: ESD concepts, ESD content, ESD methodologies,
integration of ESD into curricula, ESD policy, ESD and community engagement,
and implementation of ESD at the institutional level.

Models of ESD Teacher Competencies
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Here is the updated visualization with improved colors:
*Blue nodes represent ESD Competency Models (UNECE Model, Sleurs Model, Asia-Pacific Model,
KOM-BINE Model).
*Green nodes represent Key Competencies associated with these models.
Figure 1 — Models of ESD Teacher Competencies

In addition to acquiring the competencies necessary for sustainable development
citizens (such as knowledge, skills, attitudes, values, motivation, and commitments),
teachers must also develop general professional competencies. We consider
education as an essential and integral part of achieving the Sustainable Development
Goals (SDGs). Quality education is one of the fundamental human rights and a
crucial condition for ensuring the well-being and success of society. It serves as the
foundation for the realization of all other rights. In this regard, within the framework
of the "Education 2030" agenda, various countries around the world are studying and
analyzing concrete achievements and successes in education. One of the key issues
considered within the goal of quality education is "Competencies and Skills of the
21st Century." In our research, we propose professional competencies for chemistry
educators based on the principles of sustainable development. These proposed
competencies have been formulated by analyzing the professional competencies
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required for educators in our country, with a particular focus on those relevant to
chemistry teachers.

The role and impact of training educators in the field of Education for Sustainable
Development (ESD) are particularly crucial in countries actively developing
educational programs aligned with the Sustainable Development Goals (SDGs).
Examines the process of developing an ESD competency model for future natural
science teachers in Japan, based on the Context, Input, Process, Product (CIPP)
model. Using this approach, the author analyzed the "Methods of Teaching Natural
Science in Primary School" course and its impact on the development of key
professional competencies of future teachers. The main findings of the study indicate
that after completing the course, students developed a deeper understanding of the
role of sustainable development in education. Survey results showed that future
teachers recognized the importance of integrating issues such as climate change,
biodiversity, sustainable consumption, and disaster prevention into the learning
process. However, significant methodological challenges emerged students faced
difficulties in integrating ESD concepts into traditional school subjects. To enhance
the effectiveness of ESD teaching for future educators, the following measures are
recommended:

* Developing structured courses that include not only theoretical training, but also
practical projects aimed at integrating sustainable development into education.

* Establishing an interdisciplinary approach in teacher training that incorporates
elements of environmental, economic, and social sustainability.

* Strengthening teachers’ professional development through Lesson Study and
other methods based on reflection and collaboration.

These findings are supported by the research of Bertschy et al. (2013), who
emphasize that ESD teacher training should develop systems thinking, collaboration
skills, and the ability to strategically manage the educational process.

Conclusion. Teacher preparation in the context of Education for Sustainable
Development (ESD) requires the development of multilevel competencies that go
beyond traditional education. These include critical thinking, strategic planning,
teamwork, and an understanding of global issues. Modern pedagogical models,
such as project-based learning, flipped learning, and interdisciplinary approaches,
contribute to the effective development of these competencies, making education
more relevant and practice-oriented. Developing these competencies in future
teachers is a crucial step in integrating sustainable development principles into
the education system, fostering environmental responsibility among students, and
creating conditions for successfully achieving the Sustainable Development Goals
(SDGs). The primary focus is on integrating SDGs into curricula and their role in
fostering critical thinking, collaboration, and sustainability competencies in future
teachers. Key Findings: Integration of Sustainable Development Goals: The study
revealed that while the importance of education for sustainable development is
widely recognized, its integration into curricula remains fragmented. Many programs
lack a systematic approach to incorporating these goals into pedagogical practice.
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Development of 21st-Century Competencies: Authors note that current teacher
preparation programs do not sufficiently promote the key competencies needed
for effective teaching in the 21st century. These include critical thinking, problem-
solving, and collaboration skills. Recommendations: To improve the situation, it is
recommended to revise curricula and ensure a deeper and more systematic integration
of SDGs. This can be achieved by: Developing chemistry education courses based
on sustainable development principles. Implementing practical, project-oriented
learning activities. Raising awareness among educators about the importance of
sustainability in education.
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