DOI: 10.2478/cdem-2025-0008 CHEM DIDACT ECOL METRQ025;30(1-2):87-97

Galiya ALZHANOVAY Liliya ALTYNBAYEVA !, Gaukhar ZHANBULATOVA
Aisaule TLEULESSOVA and Fariza TOLTEBAYEVA

EXPLORING COMPETENCY-BASED CHEMISTRY TEACHING:
TRENDS, CHALLENGESAND PERSPECTIVES

Abstract: The aim of the study is to substantiate the festwof active implementation of competence-based
chemistry teaching in secondary education instihgi of the Republic of Kazakhstan. The methodo#dgic
approach of the study is based on the followingassh methods: analysis, synthesis, induction, flioge
comparison, and generalisation. The content ofctimeept of “competence approach” is defined; ighsiand
features are revealed, the necessity of introdutiagompetence approach in the process of teachemistry is
theoretically proved and the prospects of usingsihexified approach to improve the study of chemiatnong
secondary school students of the Republic of Kestalkhare determined. In the course of theoretes®arch, the
key competences in the process of chemistry tegctihich should be formed in secondary school sttdef the
Republic of Kazakhstan, have been identified. Thdysidentified the contradictions concerning tlewelopment
of the competence approach in the study of cheynistd outlined ways to solve them. Perspectivectiones of
improvement of competence-based chemistry teacdi@glefined, and specific recommendations on measir
effective implementation of such an approach irosdary education institutions of the Republic ozilehstan
are given.

Keywords: secondary education, informatisation of societividual-differentiated tasks, group laboratory
works, innovative technologies

I ntroduction

Kazakhstan is modernising and aligning its secondducation system with European
standards. Competency-based secondary school @ducéd a major revolution.
The competency-based approach in Kazakhstan's dappreducation makes chemistry
more practical, relevant to the job market, andsgeal growth. The approach emphasises
teaching students not only knowledge and skills dlsb competences - the capacity to
tackle real situations. Chemistry teaching hagitsks and obstacles. Understanding and
systematically analysing them are crucial to imfmgweducation. The main issues are low
motivation and interest in chemistry, low schodidtén’s chemistry competencies and
practical skills for conducting chemical experimgemnd solving professionally-oriented
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laboratory problems, imperfect teaching methodsd, law use of theoretical knowledge in
laboratory practicals. The introduction of the categmce method in Kazakhstan's
secondary education is urgent and being investigate

The aspect of competence-based approach to teachégistry was investigated by
Alimova [1], Sevil and Fatma [2]. At the same tinmthe authors concluded that the
competence approach consists in the following: igwaent of understanding of the world,
formation of scientific thinking, preparation foutfire careers, increasing environmental
awareness. As a result of such training, the pafggrof a future specialist with such
qualities is formed: aspiration for self-improverhemadiness for innovative activity, and
ability to quickly adapt to changes. At the sammeti Maratkyzy et al. [3] believe that
chemistry has a leading place in the set of fuspecialists who should be educated starting
from the basic school on the basis of the use eigfised elective courses in the formation
of communicative competences, since its role iprepare specialists who have to solve
important issues, among which is the solution ofgssionally oriented tasks in chemistry.
Sadykov et al. [4] substantiated in their works mleeessity of this approach and described
its main components, which include: the developnoémew educational standards focused
on the formation of competencies in students, updathe content of educational
programmes taking into account the requirementth@fcompetency-based approach, the
use of innovative teaching methods that promote dbgelopment of competencies,
professional development and retraining of teaclstiadf in the field of competency-based
approach, the creation of modern materials for dbegelopment of competency-based
education, and the development of new educatiogrammes.

Castello et al. [5] noted in scientific papers thbthe moment the secondary education
of the Republic of Kazakhstan has access to ditgahnologies, methods, and tools to
perform laboratory and practical works on chemistysecondary school students in the
conditions of distance learning. The study of Wiskest al. [6] of models and principles
of curriculum development, teaching, learning, aagbessment based on competences
confirm the need to teach chemistry using the caemwmy-based approach. Given the
analysis of the research level of the outlined [@wis, it is concluded that the current stage
of improvement of the competence-based approachemistry teaching is characterised
by the active implementation of measures to forqualitative updated modern educational
space in accordance with European principles, nants standards. At the same time,
these studies do not pay enough attention to ththadelogy of implementation of
competence-based chemistry teaching in secondaopisc

Taking into account the above-mentioned, the isstié@mproving the quality of
competence-based chemistry teaching in secondargatidn institutions is insufficiently
researched. That is why there is a need for qupligparation of distance learning course
programmes; development and use of necessary seftwievelopment of personal
information technology infrastructure. Consequenthe aim of the study is to identify
effective measures for the implementation of compey-based chemistry education in
secondary education institutions of the RepubliKafakhstan. The objectives of the study
are:

1. To study the methodology of teaching chemistrydoandary schools of the Republic
of Kazakhstan and compare it with foreign approadfd¢eaching.

2. To identify the competences necessary for effectimmplementation of
competence-based approach in the process of studgimemistry in secondary
education institutions of the Republic of Kazakhsta



Exploring competency-based chemistry teachingdeohallenges and perspectives 89

3. To define methodological tools aimed at the useonfipetence-based approach during
the study of chemistry by secondary school studertse Republic of Kazakhstan.

M ethodology

In the process of conducting the research aimedoatpetence-based study of
chemistry with the help of analysis, the study cifstific works aimed at improving the
teaching of chemistry in secondary schools of tepulic of Kazakhstan was carried out.
Synthesis was used to combine different views @drgists on the process of studying
chemistry in secondary schools and to build onrtheisis a unified methodology of
studying the outlined subject. The method of inaucivas used to establish a connection
between methods and technologies of studying chigmésd highlighting their role in
using the competence approach of studying the naatlisubject. Modelling took place
in the formation of a methodological system of téag chemistry to secondary school
students on the basis of the competence-basedamtprohe comparison was used in the
study of approaches to the construction of the afitutal process in secondary schools
during the study of chemistry in the Republic ofzidkhstan and foreign countries.
The comparison was used during the study of rebeesc opinions concerning
competence-based chemistry teaching both in Katakhsnd abroad, as well as
identifying problems in this process and findingyw#o solve them.

In the course of the study, based on the Concepbeafelopment of Preschool,
Secondary, Technical and Vocational Education & fRepublic of Kazakhstan for
2023-2029, the principles of improving the secogdeducation system were identified.
The Organisation for Economic Co-operation and Deyeent (OECD) Programme for
the International Assessment of Adult Competen€¢RRMNAC) [7] has been analysed.
The defined programme is aimed at helping governsenassess, monitor and analyse the
levels of availability of professional skills formieamong citizens, to carry out their
distribution among the adult population, as welt@assess the degree of use of these skills
in different situations. Based on the implementatiof this programme, groups of
competencies that are recommended to be developsetondary school students, namely
literacy, reading and problem-solving in a highlgchnical environment, have been
identified. The following inclusion and exclusiomiteria were used during the study.
The literature search for the study was carried wosing the keywords: secondary
education, informatisation of society, individuafferentiated tasks, group laboratory
work, innovative technologies, and sources fromgame field of study but for different
directions were excluded. The criterion of credipilwas that the author must have
publications in peer-reviewed journals, the infotioa that the author presents must be
credible with references to certain sources. Waevk#ten by authors without a scientific
degree were not considered in the study. The mitesf objectivity envisaged the use of
information from scientific articles and dissenais regarding the use of competence-based
approach in teaching chemistry, which was carrietl in practice and confirmed by
research results.

The criterion of completeness was used to searcimfiormation that does not contain
contradictions and also corresponds to other reliaburces of information. The relevance
criterion was used to select publications with date older than 5-10 years. Sources older
than five years and which are not publicly avagalin the Internet were excluded.
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The criterion of accessibility in the work was tseusources with an available electronic
version of the full text of the publication.

Results and discussion

Rationale for the theoretical foundations of competence-based chemistry education
in secondary schools

Kazakhstan’s secondary education emphasises 2istrge life  skills.
Competency-based chemistry education drives its emmishtion. Instead of general
knowledge, it emphasises qualitative education. @ency-based education goes beyond
the traditional emphasis on knowledge, skills, dakknts. It emphasises the learner’s
capacity to apply knowledge. Sadykov et al. [4]lexgd the use of contextual tasks in
chemistry as a basis for the competency approaekiication and found that it is closely
related to the person-centred and activity-basedragghes. The competence-based
approach emphasises life skills, personal activipd action in combination with
person-centred and activity-based approaches. Sttasegy is helping modernise school
education by giving every student a quality educatieeded for 21st-century success.

According to Resolution of the Government of Kazgtkh No. 249 of 28 March 2023,
a concept has been established to improve eduehtiontcomes [8]. Equal rights
(all people have the right to quality educationgamlless of origin or social status);
accessibility (education at all levels should beessible to all, taking into account
individual characteristics); and prioritisation @hlues (human life, health, and free
development of the individual are the most impdrtariues) constitute the new Concept of
Education. The Concept will reorganise the eduoasigstem to provide quality education,
modern infrastructure, teacher status, future petjpen, Kazakhstani education
competitiveness, and education quality. The Coreaeptpected results until 2030: equal
access to quality education for children from Btgears old, 1.5 times the gap between
urban and rural areas, a shortage of educatiorsdep] conditions for each student’s
creative, intellectual, and physical development 80 % of graduates with technical and
vocational education to meet labour market neefls [8

Maratkyzy et al. [3] studied cognitive challenges ¢hemistry. The researchers
recommend selecting educational content for thepatemce-based approach based on the
following didactic principles: reliance on studérgabjective experience; practice-oriented
situations; intellectual and emotional-value congrr of education; and closed and open-
ended tasks. Teaching based on the competency dnettmphasises pupil constancy,
individual, group, and collective cognitive actiitopportunity for students to generate
their own educational product, and reflection. Tdmmpetence-based approach makes
learning dynamic, interactive, and personally adésd, preparing students for a successful
existence in society where they will need knowledgel abilities like independence,
creativity, and communication [9].

Comprehensive and systematic approaches are néededolve these conflicts and
improve secondary school competency-based cheniistityiction. These include updating
secondary school student training programs (re\éea modernisation of curricula and
programs, taking into account current labour markeeds, new competencies, and
chemical industry standards), implementation ofoirative methods and technologies
(active use of modern teaching methods, simulagghnologies, online courses, and other
innovative approaches to implementing a competdrased approach in the process of
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teaching chemistry), enhancing the qualificatiohsh@mistry teachers (organising ongoing
professional development for teaching staff, tragni seminars, and qualification
improvement courses to master innovative methodd tethnologies for studying
chemistry), increasing funding (allocating addiibnesources for the modernisation of the
material and technical base of educational ingihgt updating teaching equipment, and
implementing innovative technologies and programs).

Gortz et al. [10], investigating secondary schoeémistry instruction, found that
this subject develops theoretical (laws, theorigdgas, concepts) and empirical
knowledge. Chemistry class teaches chemistry amdldps students’ personalities [11].
It is determined that chemistry solves cognitival aractical problems, has a lot of
scientific information, and has a clear logic ofeation and knowledge structure.
The school chemistry course is tailored to kidsea@nd cognitive capacities, provides
restricted information, and follows didactic priples. Chemical knowledge and
achievements are constantly expanding. Chemicahsei is a well-established system
of fundamental knowledge with a definite logic ofrhation, therefore modern positions
are used to explain its outcomes [12, 13]. Secondahool chemistry is taught
step-by-step in a logical order. The presentatiothe outlined approach is considered to
be correct, as the research has revealed thabtitent of the school chemistry course is
built on other principled principles and reflects general terms the logic and system of
scientific chemical knowledge [8].

Chen et al. [14] recommend using chemical labsistadce teaching. The procedure
and results of chemistry lab work help teach futspecialists. They receive special
attention in distance education. The quality of ol@bory experiments affects the
development of special skills (applying knowledgepiractical situations, analysing and
summarising information, formulating research casmns) and chemical equipment
skills. Secondary school students must learn thetegy of chemical and polytechnic
knowledge, leading ideas and theories, the ess#rtbe laws of chemistry, basic chemical
concepts, the most important scientific facts, dicamlanguage, and the formation and
development of special and general academic sHilis. school chemistry course develops
students’ independence, observation, cognitiveréste and chemical skills. Chemistry
education aims to instil a scientific, labour, stiti, and environmental attitude in students
[15-17].

Educational trends in Kazakhstan require formirsgtaof professional competences in
secondary school students in a short period of, ttmensure highly effective work of both
teachers and students. The use of modern equipamehsoftware will allow: organising
full-fledged communication between teachers andiesits, demonstrating a variety of
visual material, increasing students’ motivatioriearn new knowledge, and teaching them
how to work with modern software and services. Thisits turn, will be the key to the
successful implementation of the competence apprdacthe process of studying
chemistry.

Features of improvement of competence-based chemistry teaching
in secondary schools

Modern social and educational changes need to ireKigzakhstan’s secondary
education goals. The traditional secondary schbelrgstry curriculum does not address
the current issues of implementing a competencedaapproach. Competences -
complexes of knowledge, skills, and abilities - aeeded for success and self-realisation
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[18, 19]. Sadykov et al. [4] found that secondasho®l students must learn certain skills
while teaching chemistry using contextual assigrnsemhese skills include knowledge
mastery, decision-making, constructive action faobtem-solving, self-learning, and
communication. PIAAC was created by the OECD t@lgvernments assess, monitor,
and analyse citizens’ occupational skills, distiébthem across adults, and evaluate their
application in diverse scenarios. According to fiiegram, secondary school pupils should
learn literacy, reading, and problem-solving ire@hinical setting [7].

According to the above studies, the "competenceédapproach” is an innovative way
to modernise school education, meet societal nesdsprepare graduates for success and
self-realisation. School emphasises individual megoents and interests. It prepares
students for informed choice, independent decisiaking, and social involvement. Under
changing situations, a new school education madeteded. This strategy should integrate
Kazakhstan's best traditions with global educatilie.goal is to raise a well-educated,
active, multinational competitor. A new secondaty@ation model in Kazakhstan should
strengthen value education, form key competendesnge the structure and content of
education, use active teaching methods, introdeeeassessment principles, and transform
the relationship between educational participaAk.these factors determine education
quality. The country’s educational policy priorésNazarbayev Intellectual Schools. They
want to help kids reach their greatest potenti@hi@ classes in intellectual schools prepare
students for top national and international unitis The Cambridge Council for
International Education Assessment developed theatihnal program of the Autonomous
Educational Organisation “Nazarbayev Intellectuah@®ls” with its strategic partner to
implement natural science education [20].

Research revealed didactic conditions for selectimgnpetence-based education
content. These conditions include resistance toestis’ subjective experience (taking into
account their knowledge, skills, experience, andsqmal qualities when creating
educational content); introduction of practice-otéa situations (to better understand and
apply knowledge); connection of intellectual and oional-value components of
education; and introduction of lea Competency-ba$eanistry instruction helps secondary
school students see the connections between ssitgadt use knowledge from different
disciplines to solve problems, develop functioredding literacy, understand context and
draw conclusions from indirect data, and criticaliyjalyse information presented in
different formats. The competency-based approaabhtes pupils how to use information
in real life, making them capable and competitif®r the most thorough chemistry
program analysis and lesson planning, use this adetRlarification of each learning
element with emphasis on its necessity in learohmmistry [21-23].

As the era of information and communication tecbgglis evolving, new approaches
to learning chemistry are opening up [24-26]. Singestly all students have gadgets with
access to the global Internet on their desktopsctwian be used when viewing any
chemical phenomena that cannot be observed irabiwedtory during classes. Furthermore,
with the help of mobile phones, it is possible ifmdfthe necessary information as in the
laboratory it is not always possible to carry ooing chemical reactions to illustrate
a certain process, carry out a particular chemi@aisformation, review its results, and
consequences [27]. The study supports the opinioat the implementation of
competency-based learning in chemistry in seconddugation institutions of the Republic
of Kazakhstan is recommended to be carried out digguinteractive learning methods
(discussions, projects, research, role-playing garoases); orientation to practical tasks
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(design, research, modelling, problem-solving)nfation of assessment (assessment of not
only knowledge, but also the ability to use them pmactice, critical thinking,
communication, teamwork).

Competencies should be formed to implement the etbemge method in basic school.
Social competence: creating problem circumstandés ehemical experiments, offering
experimental tasks of varying difficulty, organigirexperimental group activities of
students, and using life situations connected tostsunce attributes and applications.
Multicultural competence: the student uses poemsygsbs, and excerpts from works to
depict chemical phenomena; historical facts abbatrical experimentation; and chemical
experimentation to emphasise the relevance of @dtgmfor civilisation. Communicative
competence: develops monological and conversatipegeah by discussing chemical
experiment results and using academic languagechechical nomenclature. Information
competence: encourages students to use informagicmnology and virtual chemical
laboratories to gather factual data for chemicaleginents, and to evaluate data using
algorithms, plans, and schemes. Self-educatiorsalfidlevelopment competence: chemical
experiment teaches autonomous work, research expetal skills, and sustainable
motivation to study and self-educate. Competenceréative, productive work: allows
students to independently add tasks, tests, anstiqos to the topic and create creative,
experimental work and projects [10]. Use competenmented tasks to encourage active,
creative activity in the classroom, self-organizatia unique perspective, and the ability to
apply knowledge, skills, and abilities in certaiituations when implementing the
competence approach in chemistry teaching.

Table 1
Evaluation criteria for competence-oriented tagkshiemistry
Levelsof
learning Criteriafor assessing learning achievements
achievement
Pupil recognises some chemical objects and nanss #i everyday level; describes some
Elementary . . h ; .
chemical objects according to certain attributes.
Medium The student performs some chemical experimentspantently; describes individual

observations of the flow of chemical experiments.
The pupil compares and classifies chemical objedemtifies understanding of underlying
Sufficient chemical theories and facts, giving examples t@stphis; describes observation of chemigal
experiments.
The pupil applies knowledge in standard situatiossable to analyse, summarise and
systematise the provided information, draw conclusi uses knowledge in non-standard
situations, establishes connections between phemgmidependently finds and uses
information according to the task at hand; analysgditional information; uses knowledge
reasonably, including in problem situations; indegently evaluates phenomena related to
substances and their transformations.

High

The most important method in chemistry is the peobdevelopment experiment,
which aims to create a problem situation, for exampvestigating the possibility of
copper interacting with iron(lll) chloride solutioAccording to the majority of pupils, the
reaction will not take place. Such opinions areeblasn the data from the table “Activity
series of metals”. This is followed by an obsemwatand explanation: adding copper filings
to a solution of iron(lll) chloride causes the anl®f the salt solution to change to blue.
Pupils observe the reaction and explain it in teahsedox processes, taking into account
the strong oxidising properties of iron(lll) ionBhey conclude that a low-active metal is
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oxidised in a solution of a salt containing ionghaliigh oxidising power. This experiment
extends pupils’ knowledge of the chemical propsrtid metals. Table 1 suggests the
following criteria for evaluating competence-oriedtasks.

The process of using individually differentiatecdska allows analysing the level of
preparation and individual characteristics of psiplt is recommended to use tasks of
different levels of complexity, which promote theveélopment of communicative skills and
imply a creative approach to the task. The studgppses tasks of three levels of
complexity: high, medium and low. For example, $ardents who excel in chemistry at the
high level, it is suggested that they investighie effect of the concentration of ferric(lll)
chloride solution on the rate of reaction and malgresentation on the chemical properties
of copper. Medium-level tasks aim to write a regmrtan experiment and to create a table
with the results of the investigation. Low-levelska involve the use of ready-made
instructions for conducting an experiment and daest on the topic of research.
Advantages of using individually differentiated kasincreasing motivation to learning,
pupils’ performance of tasks directly proportionaltheir level of preparation, feeling of
success and confidence in their abilities, develmnof independence and responsibility,
the ability to independently choose tasks and vedykeir fulfilment, responsibility for the
results of their work, formation of group work $&il

The advantages of group learning activities inclirdeeased motivation for learning,
development of communication skills, formation aitical thinking, development of
self-organisation skills. Thus, group learning wtgs are an effective method of learning,
allowing students not only to acquire knowledge ahkils, but also to develop their
personal qualities. It is important to note that tirganisation of group learning activities
should begin with defining goals and objectiveslesting appropriate methods and
techniques of work, creating conditions for cooieraand mutual assistance in the group,
monitoring the progress of work and providing assise in case of difficulties [28, 29].
Group laboratory works must include setting andisieg the goal (definition of the
general group task, understanding by each partitip&the goal and his/her role in its
achievement); performance of individual tasks (egobup member performs tasks that
meet common goals, the tasks can be different mpbexity and volume); and mutual
checking and assistance. Only an integrated strateg teach students social skills. Group
lab work can develop social competence as paheptocess of the competence approach
to teaching secondary school chemistry [30].

The laboratory and practical elements of the pnognastruct students in the use of
chemical apparatus and the execution of experiméihtis will improve chemical process
understanding and application. New educational neldygies and methodologies. These
tools and strategies will motivate students to deehemistry and make learning more
engaging and successful [31, 32]. Online video destrations, computer models, virtual
experiments, and chemistry laboratories should tpl@yed in Kazakhstan secondary
schools to teach chemistry. Learning should incafeotheoretical material, lab tasks, and
virtual resources. Students can learn and develhgmistry abilities better with virtual
laboratories, theory, and practice.

Conclusion

The study concluded that the qualitative orgarosatiof the process of
competence-based chemistry education in secondaryaton institutions of Kazakhstan
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should be based on a system of methodological t@iteed at the qualitative
implementation of this process. The applicationcompetence-based approach in the
process of teaching chemistry in secondary edutaitistitutions of the Republic of
Kazakhstan requires teachers thorough training,clwhwill allow them to adapt to
pedagogical innovations, to consider trends, chgle, and prospects in the field of the
identified issue. The study confirms that knowledf¢heoretical and practical foundations
of chemistry learning will contribute to the devefoent of its competence-based learning
in secondary education institutions of the RepubliKazakhstan.

The results of the study suggest that, based o A@JAt is proposed to expand the
range of professional skills required for citizaassuccessfully carry out their professional
activities. Based on the implementation of thisgpamnme, the groups of competencies that
are recommended for formation, namely: literacyadieg and problem-solving skills in
a highly technical environment, are identifiedtte process of the research, the concept of
“competence approach” was defined. Theoreticalyaislof scientific literature allowed
systematising the idea of the application of compet-based chemistry teaching and
identifying the main ways of solving the studiedus. The presented methodological
system of ensuring the competence approach inrtieegs of chemistry teaching is defined
as a professional necessity in the training of séaoy school students. Perspective
directions of improvement of the process of reéiisaof the competence approach in
chemistry teaching are formed. It is determined $@h a trend requires the creation of the
necessary methodological system that contributekeomprovement of secondary school
students’ training level.

The introduction of digital resources for the ongation of educational activities, in
particular, in the conditions of distance educatideepening the study of the structure and
features of the implementation of competence-baggatoach on the basis of PIAAC is
a promising direction for improving the competeh@sed teaching of chemistry in
secondary education institutions of the RepublicKazakhstan. The obtained research is
aimed at the development of a wider range of medluggical tools for the implementation
of a competence-based approach in the procesadiitgy chemistry to secondary school
students. The obtained primary results require esipa and deepening of the developed
problem, so the development of a wider set of $ifierand methodological support will
ensure the formation of systemic knowledge of fitactivities, as well as the development
of the ability and skills to use them in practice.
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