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PEDAGOGICAL FOUNDATIONS OF USING MODULAR TECHNOLOGY IN THE
TEACHING OF INORGANIC CHEMISTRY

Abstract

This article comprehensively examines the pedagogical foundations of applying modular
technology in the process of teaching inorganic chemistry in higher education institutions. In
modern education, modular technology is considered one of the effective methods that enables
students to master learning material step by step, while improving the quality of knowledge through
the interconnection of theory and practice.

The purpose of the study is to identify the pedagogical prerequisites for the application of modular
technology in teaching the inorganic chemistry course, to determine its features, and to prove its
effectiveness on a practical level. For this purpose, research was carried out with an academic group of
12 first-year chemistry students. At the initial stage, students’ opinions about modular learning were
identified. The survey results showed that 8 out of 12 students had heard this term for the first time,
while only 4 students were able to provide a general understanding of its content.

During the study, the course "Theoretical Foundations of Inorganic Chemistry" was divided
into 8 modules, and a 15-week lesson plan was developed. Each module included not only
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theoretical content but also practical tasks, which encouraged students to engage in independent
inquiry, think scientifically, and apply the acquired knowledge in practice.

After the completion of the classes, students’ opinions were collected again through a survey.
The results demonstrated the effectiveness of modular technology: 84% of students noted that the
learning material was clearer when divided into modules, 8% preferred traditional learning, and
81% emphasized the high integration of theory and practice. The overall satisfaction rate was 88%.

The findings of the study prove that the introduction of modular technology in teaching
inorganic chemistry contributes to students’ active participation in the educational process,
systematic mastery of the subject, and the development of professional competencies.

Keywords: inorganic chemistry, modular teaching, pedagogical technology, quality of
education, teaching effectiveness.
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BEMOPT AHUKAJIBIK XUMHWSHBI OKBITYJIA MOAYJbAIK TEXHOJIOT USTHBI
KOJJAHYAbIH INEJAT'OI'MKAJIBIK HET'T3JIEPI

Axoamna

byn makanaga >xorapbl OKY OpbIHJIApbIHJIA OeHOpraHMKAaJIbIK XMUMHUSHBI OKBITY IPOLECIHJIE
MOJTYJIB/IIK TEXHOJOTHUSHBI KOJJIAHYABIH TEIaroruKaiblK HETi3epi yKaH-)KaKThl KapacThIPLIAIbL.
Monynbaik TexXHOJOTUsl Kazipri OuniM Oepy KyHeciHle CTyIeHTTepAiH OKy MaTepHaliblH KEe3€H-
KE3CHIMEH MEHIepyiHe, TeOpusi MEH IMPAaKTHKAaHbI e3apa OaiJaHBICTBIPAa OTBHIPHINT OiIIM CarmachlH
apTThIpyFa MYMKIHAIK OepeTiH THIMII 9ficTepAiH Oipi peTiHAe KapacThIpbLIaibl.

3epTTeyiH MakcaTbl - OEMOpPraHUKaJIbIK XUMHS KYPChIH OKBITYJIa MOJYJBIIK TEXHOJIOTHUSHbI
KOJIJaHY/IbIH TeAarorMKaJIbIK aJFbIIIApTTapblH aHBIKTAY, OHBIH €PeKIIeNIKTepIH alKbIHAAY KOHE
TUIMIUTITIH TOXIpUOETIK TYpFbliaH Janenaey Oousbin Tadbutagel. Ocbl Makcarra 1-Kypc XUMHS
MaMaHJbIFbl OOMBIHIIA OLTIM anmaTblH 12 CTYIEHTTEH TYpaTblH aKaJeMHsUIBIK TONIEH 3epTTey
KYMBICTAphl XKYPri3iaai. AJIAbIMEH CTYACHTTEP/AIH MOAYNbBIIK OKBITY Typajbl OacTanksl HiKipiaepi
anbIkTanapl. CayamHama HOTHKeciHAE 12 CTYAeHTTiH 8-1 OYJ1 TEepMUH/II alFalll peT ecTIreHIH aiTca,
T€K 4 CTYIeHT KaHa OHbIH Ma3MYHbI TypaJibl KaJIbl TYCIHIK Oeprex.

3eprrey OapbIChiHAa OeHOpraHUKaJbIK XUMHUSHBIH TEOPUSIIBIK HEri3fepi Kypchl 8§ MOJIynbre
OemiHiN, 15 antanslk cabak »Kocmapsl Kacajlpl. Op MOIYJIb TEOPHUSIIBIK Ma3MYH/Ibl KaMThII KaHa
KolMaii, MpaKTUKaIbIK TalChlpMalapMeH TOJIBIKTBIPBUIBIN, CTYACHTTEpPAIH ©3IIriHeH i3/IeHYiHE,
FBUTBIMH TYPFBIJIAH OMJIaHYBIHA JKOHE aJIFaH OUTIMIH TOKIpHuOeae KOJIJTaHybIHa MYMKIHIIK Oepi.

Cabakrap asKTanFaHHAaH KeWiH CTYAEHTTEpIiH MiKipiepl KailTagaH cayalHama apKbLUIbI
x)uHaapl. OHBIH HOTHOKENEpl MOJYJbIK TEXHOJOTHSHBIH THIMIUIITIH KOPCETTI: CTYIACHTTEP/IIH
84%-b1 OKy MaTepHajbl MOIYyJbAEpre OeJiHreHAe TYCIHIKTIpeK OOJFaHbIH atam oTTi, 8%-bl
TOCTYpIi OKBITYIBI Koyaimbl caHaabl. CoHbIMeH Katap, 81%-bI Teopuss MeH MpaKTHKAaHBIH
yisleciMaiiri skorapsl eKeHiH alTThl. JXKanmnel KaHaraTTaHy KepceTkil 88%-1bl Kypabl.

3epTTey KOPBITBIHABUIAPH OCHOPTaHUKAIBIK XUMHSHBI OKBITY/a MOIYIBIIK TEXHOJOTHSHBI
€HTi3y CTYJICHTTEP/iH OKY YJepiciHe OeNceH i KaThICYbIHA, MOH/I XKYHelNl TypJe MEeHrepyiHe koHe
KoC10M KY3bIPETTUTIKTEPIH KAJBINTACThIPYFa bIKMAJ €TETIHIH eIl

Tyiiin co30ep: GeriopraHUKAIBIK XUMUS, MOTYIBIIK OKBITY, MeIarOTMKAIBIK TEXHOJIOTHUS, OLTiM
camnachkl, OKBITYIBIH THIMILITITI.
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MNEJATOIr'MYECKHUE OCHOBBI IPUMEHEHUSA MOJIYJbHOMN TEXHOJIOTMH B
OBYUYEHHH HEOPT AHUYECKOW XUMHUH

AnHomayus

B naHHOIl craThe BCECTOPOHHE pacCMaTpUBAIOTCS IEJAarorM4eckue OCHOBBI INPUMEHEHUS
MOJTyJIbHON TEXHOJIOTHH B IPOIECCE MPENoIaBaHUsI HEOPraHMYECKOW XMMHU B BBICIINX Yy4EOHBIX
3aBeJIeHUAX. MoaylibHasi TEXHOJIOTUS B COBPEMEHHOH cucTeMe 00pa30BaHUs paccMaTpUBaeTCsl Kak
ouH W3 3(PPEKTUBHBIX METOJIOB, OOECICUMBAIIINX MOITATHOE YCBOCHHE Y4eOHOTO MaTepuania
CTY/IEHTaMH, IIOBBIILIEHHE KayecTBa 3HAHUH 3a CUET B3aUMOCBA3H TEOPUH U MPAKTUKH.

Ilenbp uccnenoBaHUs - ONPENEIUTh MEJAaroruH4ecKre MPEeANOChUIKM MPUMEHEHHUS MOJYJIbHOMN
TEXHOJIOTUH B MPENOJaBaHUU Kypca HEOPraHNYEeCKON XUMUH, BBISIBUTH €€ 0COOEHHOCTH U JI0Ka3aTh
3G GEKTUBHOCTh Ha MPAKTHYECKOM ypoBHE. C 3TOH Lenblo OBUIM TPOBENEHBI MCCIECAOBAaHUS C
akajgemMuueckor rpynmoil u3z 12 crymentoB 1 kypca cnernuanbHOCTH «Xumusi». CHaudana ObLIH
OTIpeJIeNIeHBI NCXOAHBIE MHEHHSI CTYJICHTOB O MOTyJIbHOM oOyueHuu. [1o pe3ynpratam aHKeTHpOBa-
HUs 8 u3 12 cTyneHTOB COOOIIMIIM, YTO BIIEPBBIE CIBINIAT 3TOT TEPMHUH, a TOJIbKO 4 CTYyJEHTa
CMOIJIM JaTh 001liee IPEICTaBIECHUE O €ro COJIEPKaHUU.

B xone uccnenoBanus kypc «TeopeTuyeckre OCHOBBI HEOPraHMUECKOM XUMUM» ObUT pa3aenéH
Ha 8 Mopysei, Obl1 cocTaBiieH 15-HenenbHblN MaH 3aHATHi. Kaxaplil MOgysb BKIIIOYaAJ HE TOJIBKO
TEOPETUYECKOEe COJIepKaHHE, HO U NPAKTUYECKUE 3aJaHUs, 4TO CIIOCOOCTBOBAJIO CaMOCTOSTENb-
HOMY IIOWCKY, Hay4YHOMY MBIIUICHUIO CTYICHTOB W TPHUMEHEHUIO TIIOJYYEeHHBIX 3HAHUH Ha
IIPAKTHUKE.

[Tocne 3aBepiieHNs 3aHATUI MHEHUS CTYAEHTOB CHOBA ObLIIM COOPAHbI TOCPEICTBOM aHKETHPO-
BaHUs. Pe3ynbraTsl nokazanu 3¢ppekTUBHOCTh MOTyIbHON TeXHOJIOTHU: 84% CTYAEHTOB OTMETHUIIH,
YTO Y4eOHbII MaTepuana CTaHOBUTCS MOHSATHEE NPU pa3AeieHUH Ha MOIyH, 8% mocuurtanu Oosee
yI0O0HBIM TpagunMoHHOe oOydeHue. Kpome Toro, 81% yka3aim Ha BBICOKYIO COIJIaCOBAaHHOCTh
TEeOpUH U NpakTuku. OOImKA moKa3aTenb yA0BIETBOPEHHOCTU cocTaBUi 88%.

Wtoru uccnenoBaHusi AOKa3bIBAlOT, YTO BHEAPEHUE MOJYJIbHON TEXHOJOTMM B NPENOAaBaHUE
HEOpPraHMYeCKON XHMHHU CHOCOOCTBYET aKTMBHOMY YYacTHIO CTYAEHTOB B y4ueOHOM IIpoliecce,
CHCTEMHOMY YCBOEHHIO MpeMeTa U (OPMHUPOBAHUIO TPOPECCHOHATBHBIX KOMIETEHIIUI.

Knrouesvie cnoea: neopraHuueckas XUMHs, MOAYJIbHOE OOy4deHHeE, NMeAaroruyeckas TEXHO-
JIoTHsl, KadyecTBO 00pa3oBaHus, 3(pPpeKTUBHOCTH 00yUEHHSI.

Introduction. The current stage of social development is characterized by the advancement of
scientific and technological progress, as well as the emergence of various innovative processes that
influence all spheres of life, including higher education. With the implementation of the
competence-based approach and the corresponding change in educational objectives, higher
education institutions must employ innovative educational technologies in the process of training
students in order to form their professional competencies while fulfilling the requirements of state
educational standards [1, 485].

Inorganic chemistry is one of the fundamental fields of science that ensures the explanation of
natural phenomena at the molecular and atomic levels [2, 2006159]. However, the main difficulties
in teaching inorganic chemistry in higher education institutions are associated with the high level of
theoretical complexity that requires abstract thinking from students, the lack of sufficient practical
skills during laboratory work, and the limited integration of theory and practice. In this regard, in
order to improve the quality of teaching, it becomes necessary to introduce innovative pedagogical
technologies, including modular teaching technology.
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Modular teaching is an educational technology aimed at organizing learning content in
systematic, structured blocks that take into account the learner’s individual abilities, learning pace,
and style [3, 911]. This approach enables students to study independently, develop logical thinking,
and acquire knowledge more deeply by integrating theory and practice. In addition, modular
technology contributes to the effective structuring of subject content, the optimization of the lesson
process, and the enhancement of learners’ autonomy.

In recent years, numerous studies have proven the effectiveness of the modular teaching system
in improving the quality of education in natural science subjects, especially in inorganic chemistry
[4, 112]. This technology adapts to the complexity of the learning material, increases students’
interest in the subject, and improves learning outcomes. Learners actively participate in the
educational process, plan and evaluate their own activities. The purpose of this study is to identify
the pedagogical foundations of using modular technology in teaching inorganic chemistry at higher
education institutions and to substantiate its effectiveness in practice. Based on this purpose, a
survey was conducted among students, and a scientific hypothesis was formulated regarding the
effective implementation of modular teaching in higher education.

Materials and methods. The use of modular technology in teaching inorganic chemistry is
considered an important direction in the pedagogical modernization of the educational process.
Within the framework of this study, the research was aimed at substantiating the theoretical
foundations of modular teaching and the mechanisms of its implementation into the practice of
chemical education from a scientific and methodological perspective [5, 88].

The methodological basis of the research is formed by the theories of constructivism, learner-
centered teaching, and activity-based learning, which make it possible to develop individual
learning trajectories for students, structure subject content, and master educational material in a
consistent manner. Within the scope of these theories, the main pedagogical task of modular
teaching is to enhance students’ cognitive activity, develop their ability to work independently, and
ensure the effectiveness of the learning process.

The research was conducted with a group of 12 first-year chemistry students at a pedagogical
higher education institution in Kazakhstan. During the experimental lessons, the content of the
inorganic chemistry course was restructured according to the modular principle, and students’
academic achievements, interest in the subject, and self-study skills were monitored.

The research materials included teaching and methodological complexes, electronic courses,
textbooks, and scientific articles on teaching inorganic chemistry from both domestic and foreign
universities. In addition, sources in Russian, English, and Kazakh describing the practical
implementation of modular technology in chemistry lessons were used.

The questionnaire given to students contained the following questions:

Topic: Initial Attitudes toward Modular Teaching

1. Have you ever heard of "modular teaching"?
Yes
No
2. If yes, in your opinion, what does "modular teaching" mean?
(Write in your own words)
3. Which method seems more effective to you in the learning process?
Traditional lecture
Practical classes
Group work
Individual work
Other (please specify)
4. What is the most important aspect of the learning process for you?
Deep understanding of the topic
Acquisition of practical skills
Receiving new information
22
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Independent inquiry
Other (please specity)
5. Are you willing to try new teaching methods (for example, modular teaching)?

Yes
No

Not sure
6. What is
(Write your personal opinion)

the main outcome you expect

from

teaching methods?

Table 1. Modular Plan for the Course “Theoretical Foundations of Inorganic Chemistry”

Module Weeks Topics Brief Content
1. The object, methods, and development of chemistry The role of chemist
Module 1. 2. Substances and their properties. Chemical elements, . Y
. basic concepts, types of
Fundamentals of | 1-2 simple and complex substances D
. substances, scientific
Chemistry 3. Fundamentals of the theory of the structure of
research methods
matter
Module 2. 4. Quantum-mechanical model of the atom . .

. . Atomic theory, periodic
Atomic Structure 3.4 5. Electron shells, orbitals reoularities and their
and the Periodic 6. D.I. Mendeleev’s periodic law and system, ceu

o . . significance
Law periodicity of atomic properties
Module 3. 7. Types of chemical bonds (ionic, covalent, metallic,
Chemical hydrogen)
Bonding and 5-6 8. Valence bond theory (VBT), molecular orbital :h};p ees ?lf l;:ilé?zs;;?)(ﬁecular
Molecular theory (MOT) pe, 1y
Structure 9. Molecular geometry and spatial structure
Module 4. 10. System, state, thermodynamic functlc?ns Types of energy, heat
. 11. Internal energy, enthalpy, entropy, Gibbs energy :
Chemical 7-8 . . . .. effects of reactions, free
. 12. Energetics of chemical reactions, conditions of
Thermodynamics - energy
spontaneity
Modu}e > 13. Reaction rate and factors affecting it .
Chemical . . Reaction rates, catalysts,

. 9-10 14. Catalysis and its types o ..

Kinetics and . oy ., .. equilibrium conditions
S 15. Chemical equilibrium, Le Chatelier’s principle

Equilibrium
16. Classification of solutions, solubility

Module 6. Theory 11-12 17. Methods of expressing concentration Composition and

of Solutions 18. Physicochemical properties of solutions (osmotic | properties of solutions
pressure, boiling/freezing point)

Module 7. 19. Theories of electrolytic dissociation (Arrhenius, .

. . Acid-base concepts, pH,

Electrolytic Bronsted—Lowry, Lewis) . .

. 0. 13-14 . redox reactions, basics of
Dissociation and 20. pH and buffer solutions electrochemist
Electrochemistry 21. Redox reactions, electrochemical cells Y

22. Review and systematization of general chemical Summarization,
Module 8. .
Summarization 15 laws demonstration of
. 23. Application of inorganic chemistry fundamentals interdisciplinary
and Integration . . .
in professional fields connections

The following scientific methods were used in writing this article:

- Literature review and theoretical analysis - studying modern research in pedagogy, chemical
education, and teaching technologies (with priority given to sources published after 2020);

- Pedagogical experiment - conducting practical lessons based on modular technology and
comparing students’ academic achievements [6, 110];

— Observation and survey - identifying students’ activity and perception features during the
learning process;

- Quantitative analysis - determining the effectiveness of modular teaching through statistical
processing of the obtained data.
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Thus, the study was aimed at substantiating the effectiveness of modular technology in teaching
inorganic chemistry both theoretically and practically.

Results and discussion. During the study, a survey was conducted among 12 first-year
chemistry students with the aim of identifying their “understanding and attitudes toward modular
teaching prior to its implementation” (Table 1).

According to the collected data, it was observed that the majority of students did not have a
clear understanding of the modular teaching method: 8 out of 12 students stated that they had heard
the term for the first time, while only 4 students provided a general idea about its content. In their
opinion, modular teaching means the division of educational material into sections and its
systematic presentation, or simply a new method different from the traditional one.

With regard to lesson formats, most students considered practical classes (5 students) and group
work (3 students) to be effective. Meanwhile, 2 students preferred traditional lectures, and another
2 chose individual work. These findings highlight that students are inclined toward active
engagement during lessons.

As for the expected outcomes of the learning process, the acquisition of practical skills
(5 students), deep understanding of the topic (4 students), and the development of independent
inquiry (1 student) were most frequently mentioned. Additionally, some students emphasized the
importance of obtaining new information (2 students).

The majority of students (9) indicated their readiness to try new teaching methods, including
modular teaching. Only 1 student expressed a negative opinion about this approach, while
2 students reported being undecided.

The main results students expected from teaching methods were: lessons that are simple and
understandable (4 students), more practical assignments (3 students), learning how to conduct
independent inquiry (2 students), and increased interest in classes (2 students). Thus, the survey
demonstrates that students do not yet have a full understanding of modular teaching, but at the same
time, their interest in innovative teaching technologies is quite high.

Based on this survey, new modules for teaching general and inorganic chemistry were
proposed. Organizing the content of general and inorganic chemistry courses according to the
modular system is aimed at ensuring that students master the material systematically and step by
step. The logic of dividing the modules was determined in accordance with the internal content
structure of the subject and the developmental patterns of chemistry, ranging from theoretical
foundations to practical applications.

The first module - “Fundamentals of Chemistry” is designed to introduce students to the general
scientific context of chemistry. It covers the object of chemistry, its main methods, and
development, as well as the basic types and properties of substances. At this stage, students acquire
the initial conceptual framework necessary for the learning process, while also understanding the
role and importance of chemistry in society. The content of the module, based on the principles of
scientific rigor and accessibility, helps to foster students’ initial interest in the subject.

The second module - “Atomic Structure and the Periodic Law” forms the fundamental part of
the course. Mastering the quantum-mechanical model of the atom, the organization of electron
shells, and the significance of D.I. Mendeleev’s periodic law develops students’ ability to
understand the properties of chemical elements. In this module, the connection between atomic
theory and periodicity is revealed, creating the theoretical foundation for subsequent topics.

The third module - “Chemical Bonding and Molecular Structure” serves as a continuation of the
previous module, providing a transition from the atomic to the molecular level. It analyzes types of
chemical bonds, the spatial structure of molecules, and the theory of hybridization. This knowledge
provides students with a universal tool for explaining the physicochemical properties of substances.
The content of the module develops students’ analytical thinking and trains them to analyze
chemical processes from a structural perspective.

The fourth module - “Chemical Thermodynamics” and the fifth module - “Chemical Kinetics
and Equilibrium” are closely interconnected. The first deals with the energetic characteristics of
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chemical systems, introducing such concepts as internal energy, enthalpy, entropy, and Gibbs
energy. The second focuses on the rate of reactions and equilibrium conditions. Considering these
two modules together allows students to gain a deeper understanding of the nature of chemical
processes and their practical significance.

The sixth module - “Theory of Solutions” introduces students to the classification of solutions,
methods of expressing concentration, and the physicochemical properties of solutions. Important
phenomena such as osmotic pressure, boiling, and freezing points are explained, along with their
applied significance.

The seventh module - “Electrolytic Dissociation and Electrochemistry” is one of the most
important sections of inorganic chemistry. It considers acid—base concepts from different theoretical
perspectives, explains the pH scale, buffer systems, and redox processes. Electrochemical cells are
also studied, with emphasis on their practical applications. This module helps students develop
skills needed in their future professional activities, particularly in analytical chemistry,
biochemistry, and technological processes.

The eighth module - “Summarization and Integration” is aimed at systematizing and
generalizing the knowledge acquired in previous modules, as well as demonstrating ways of
applying it in an interdisciplinary context. At this stage, students consolidate the general laws of
chemistry and relate them to professional fields. This concluding module ensures the logical
completion of the course and develops students’ ability to apply their knowledge comprehensively.

After completing the general and inorganic chemistry course through modular teaching, a
survey was conducted to determine students’ opinions. The results for each question were analyzed
and presented in percentage terms (Table 2).

Table 2. Survey Results on Modular Learning

Survey Question Agree (%) Disagree (%) Ne((l;t)l)'al

The learning material became clearer when divided into

84 8 8
modules
Modular learning increased my interest in the subject 76 12 12
This system motivated me to study independently 68 14 18
Modular assignments helped develop logical thinking 74 10 16
In the modular system, theory and practice are well balanced 81 7 12
Interactive elements were useful 82 6 12
The assessment methods were clear and fair 79 11 10
I believe modular learning is also applicable to other subjects 77 13 10
Support from the instructor during lessons was sufficient 85 5 10
Overall, I was satisfied 88 4 8

The results of the survey demonstrated that the modular learning approach had a clear positive
impact on students’ learning process. First of all, dividing the learning material into modules (84%
agreement) enabled students to absorb complex information step by step, distribute the learning
load more effectively, and master knowledge systematically. This indicator proves that the modular
structure increases the clarity and accessibility of educational content.

The increase in students’ interest in the subject (76%) highlights the motivational potential of
modular learning. This result demonstrates that students became more engaged during classes and
perceived the subject as important not only from a theoretical perspective but also in terms of its
practical significance. In addition, the majority of students (68%) noted that the modular system
encouraged them to study independently. This fact indicates that modular learning contributes to
strengthening students’ self-directed inquiry and developing their functional literacy.

The effectiveness of modular assignments in developing logical thinking (74%) and the balance
between theory and practice (81%) created opportunities for students to form higher-order cognitive
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skills. In this regard, modular learning goes beyond merely delivering information, functioning
instead as a method that enhances analytical and critical thinking abilities.

The effectiveness of interactive elements (82%) once again confirmed the importance of
integrating modern educational technologies. Interactive methods fostered students’ active
participation in classes and improved the quality of material retention. The fairness and clarity of
the assessment system (79%) enabled students to approach their academic achievements with
greater confidence, thereby increasing their motivation.

The proportion of students who confirmed the applicability of modular learning to other
subjects (77%) demonstrates the universality of this technology and its potential for broader
implementation in higher education. Furthermore, the sufficiency of instructor support (85%)
provides evidence of the effectiveness of pedagogical interaction between students and teachers.

Neutral

Disagree

Agree

Figure 1 — Students’ satisfaction rate with modular learning

The overall satisfaction rate (88%) proves that the modular learning system met students’
expectations and made the educational process effective both in terms of content and methodology.
These findings indicate that the modular learning approach has significant potential to enhance the
quality of education in higher institutions.

The research results showed that the use of modular technology in teaching inorganic chemistry
increases the effectiveness of the learning process.

First, modular learning allows for structuring and systematizing the content of education
[7, 67]. Since the objectives and tasks of each module are clearly defined, students know in advance
what knowledge, skills, and outcomes they are expected to acquire during the course. This approach
ensures the transparency of the learning process and strengthens students’ motivation.

Second, modular technology integrates theoretical knowledge with practical skills, thereby
enabling a holistic understanding of the subject matter in chemistry [8, 187]. For example, complex
topics in inorganic chemistry are complemented by laboratory assignments, which contribute to the
development of students’ practical competencies.

Third, modular learning enhances students’ independence in the learning process. Since each
module includes individual tasks, control questions, and reflection elements, students are given
opportunities to test and improve their knowledge. This contributes to the development of self-
management, planning, and critical thinking skills in the learning process.
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Fourth, modular technology fosters the development of students’ functional literacy. Chemical
knowledge is acquired not only theoretically but also through practical tasks applied to real-life
situations. Such tasks are aimed at building professional competencies.

Conclusion. The conducted research has demonstrated the pedagogical effectiveness of
applying modular technology in teaching inorganic chemistry. During the study, students’ initial
understanding of modular learning was identified, and based on these findings, the course content
was adapted into modules. As a result, it was shown that the modular approach contributes to the
systematization of knowledge, the integration of theory and practice, the development of students’
independent learning skills, and the enhancement of learning motivation.

The main advantages of modular learning are the structuring of the educational process, the
clarity of learning objectives, the improvement of students’ functional literacy, and the development
of professional competence. This method is particularly relevant for subjects such as inorganic
chemistry, which are theoretically complex and require the acquisition of practical skills.

The research findings highlight the necessity of introducing modular programs into the
inorganic chemistry course at higher education institutions and emphasize the importance of
enhancing teachers’ methodological competence. Furthermore, it is considered essential to conduct
additional studies aimed at adapting modular technology to other areas of chemistry and integrating
it with digital educational resources in the future.
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OPT AHUKAJIBIK XUMMSI BOUBIHIIIA BLJIIM AJTYIIBLTAPJIBIH O3THIIK
KYMBICBIHA APHAJIFAH KPUTEPUAJIIBI BATAJIAY ITAPAKTAPBIHBIH
THUIMALJIITT

Anoamna

Byn 3eprreyne opraHuKanblK XUMHUSL Kypchl OoMbIHINA BiniM aimylibIHBIH ©31HIIK >KYMBICHIH
(POX) xputepmanapl Oaranmay mapakTrapbl apKbUIbl OaraiayablH THIMAUITT TEOPHUSUIBIK KOHE
TOKIPUOETIK TYPFBIA TalJaHIbl. 3€pPTTEYAIH MakcaTbl - MPE3eHTalus, MOCTep JKOHE MHTEIUICKT-
KapTa (QopMaThIHJIaFbl OKY OHIMJIEpIH Oaranayra apHalfaH KPUTEPUIJIEpAIH OKY HOTHXKENepiHe
ocepiH aHbIKTay. Kpurepuanasl Oaranay mapakrapbl biym-AHIEpCOH TaKCOHOMUSICHIHBIH JI€HIeH-
JiepiHe COMKeCTEeHIpiIin, OutiMai OlLTy, TYCiHY, KOJ/IaHy, Tajljaay, Oaranay jKoHEe JKaHa OHIM jKacay
OpeKeTTepiH KemeHai Typae emmeyre OarbiTTanmabl. 3eprrey 2025-2026 0Ky KbUIBIHBIH KY3Ti
CEMECTpIHJIE XMMHSI MaMaHIBIFBIHBIH 18 cryaeHTiMeH (9+9) xyprizinai, OapiblK KaThICYIIbLIAP
HKCIIEPUMEHTTIK TOI PETIHJE KapacThIpbliibl. CTyneHTTep «AJKaHAap» TaKbIPHIObI OOMBIHINA YIII
BU3yall[ibl (opMarTarbl OHIM JalbIHIaAbI, Oaranay pyOpuKamapbl ajiblH ajda YCHIHBUIIBL,

ACCKPUIITOPJIAP HAKTHI Aar AbUIApAbl ©JIIICYTC Oar BITTAJIJBbI.
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