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Abstract

This article examines the impact of electronic trainers on self-education in the field of
inorganic chemistry. During the study, 40 students participated, including 20 students from the first
group and 20 students from the second group, who used electronic trainers to improve their
knowledge. The results showed that 70% of students noted the significant help of interactive
features, such as 3D molecular models and simulations, in understanding complex concepts of
inorganic chemistry. For undergraduate students, interactive tools were particularly useful for
grasping fundamental concepts, while graduate students used them to better understand complex
topics such as coordination chemistry and reaction mechanisms. The findings of the study showed
that the accessibility, affordability, and interactivity of electronic trainers make the learning process
more effective, facilitating independent learning. Additionally, 60% of students expressed a high
level iffer action with their experience using electronic trainers. However, some challenges, such
as issues with navigation of learning materials, led to the conclusion that further improvement of
electronic educational tools is necessary.
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BEMOPTAHUKAJBIK XUMUSIIAH 63 BETIHIIE BIJIIM AJIYFA
YJIEKTPOHABIK KITAIITHIH OCEPI

Axoamna

byn Makanmaga 3J€KTPOHIBIK TpeHaXepAiH OelopraHMKalbIK XUMHS CajlaChIHIAFbl ©31H-631
OKBITYFa ocepi 3epTreneni. 3eprrey Oapbicbinaa 40 cTyaeHT, oHblH imiHae 1-mi tonta 20 cTyaeHT
xoHe 2-mi TonTa 20 CTyHmEeHT, SJEKTPOHIBIK TPEHAXepiapAbl KOJJaHy apKbUIbl €3 OiLTiMiH
KETI/IIpyre KaThICThl cayallHaMa MeH cyxOaT xyprizai.Hotnxenep kepceTkeHel, CTyA€HTTepAIH
70%-p1 3D MoIteKymaIbIK MOJENBACP MEH CHMYJISALUSIAP CUSKTHI HHTEPAKTUBTI MYMKIHIIKTEP/IiH
OelfopraHuKajblK XMMUSHBIH KYpZeli YFBIMAApBIH TYCIHYre alTapiibIKTal KOMEKTECKEeHIH aTarl
oTTi. bakanaBp cTyJleHTTepl YILIH UHTEPAaKTUBTI KypaJAap/blH HETi3/1epiHe KaThICThl TYCIHIK Oepy
MaHbI3bl 00JICa, MAaruCTpPaHTTap YIIIH OJlap KYpJEeNi TaKbIPbINTapbl, MbICAIbl, KOOPIUHAIIMS
XUMMSICHl MEH peaklys MEXaHU3MJEPIH TYCIHyTe KOMEKTECTI. 3epTTey HOTHXKENepl JIEKTPOHIBIK
TpeHaKEPIApAbIH KOJDKETIMALUIIT, YHEMIUIr >KOHE WHTEPAKTHBTUIIN OKYy MPOILECIH THIMIIpEK
eTiN, CTYyJEHTTEep/IH 63 OeTiHmle OLIiM allyblHa BIKHAN eTeTiHIH KepceTTi. COHbIMEH KaTap, OKY
TOXipubeciHiy camackl OoibIHIIA cTyAeHTTepaiH 60%-bI AJIEKTPOHABIK TPEHAXKEPIAPMEH >KOFaphl
JIEHTeI/Ie KaHaraTTaHFaHBIH OUIAIpai. Al 3epTTey OapbIChIHIA KE3/IeCKEH KeWOip KUBIHIBIKTAP,
MBICAJIbI, OKYy MaTepUaJIapblH HABUTalUAIAy MOceeNiepi, IEKTPOHIBIK OKBITY KYpaldapbIHbIH dpi
Kapai JKeTIAIPUTY1H KaKeT eTell IeTeH KOPHITHIH/IbIFA OKEII/I].

Tyiiin ce3mep: AIEKTPOHABIK TPEHAXEP, ©31H-031 OKbITY, OeHOpraHUKaNbIK XUMHUsS, KypAemi
YFBIM, HTHTEPAKTHBTI OKY.
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«BJAUAHHUE DJIEKTPOHHBIX KHUTI' HA CAMOOBPA3OBAHUE
O HEOPTAHUYECKOH XMW »

AnHomayus

B naHHOI cTaTtbe WCCIemyeTcsl BIMSHUE SJICKTPOHHBIX TPEHAXKEPOB HAa CaMOOOpa3OBaHHE B
o0yiacT HeopraHuyeckol XuUMHMU. B Xone uccnenoBaHus ObLIO NPOBEACHO AHKETHPOBAHHUE WU
uHTepBbio ¢ 40 crynentamu, Birovas 20 cTyAeHTOB U3 repBoi rpymmbl U 20 CTyJEHTOB U3 BTOPOM
IPYIIIbI, UCTIONB3YIOUINX 3JCKTPOHHBIE TPEHAXEPH! JJIs YIy4YlIeHHUs CBOMX 3HaHUU. Pe3ynbrarh
nokaszayu, 4rto 70% cTyIeHTOB OTMETHIIM 3HAYUTEIbHYIO TOMOIIb HHTEPAKTHBHBIX BO3MOXKHOCTEH,
taknx kak 3D MonekynsapHbIE MOJENTUM W CUMYISALWW, B TOHUMAHHHM CJIOXHBIX TTOHSTHI
HEOpPraHMYeCKOW XUMHHU. J[JIs1 CTylneHTOB OakalaBpHaTa HHTEPAKTUBHBIE WHCTPYMEHTHI ObUIN
0COOEHHO TIOJIE3HBI /IS OCBOCHHMSI OCHOBHBIX IIOHSATHH, B TO BpeMs KaKk MAaruCTPaHTHI
WCTIOJIB30BAIM UX Ui 00Jiee TIIyOOKOro TOHUMAHHUS CIIOKHBIX TeM, TAKHX KaK KOOPIUHAIIMOHHAS
XMUMHST WM MEXaHU3Mbl peakuuil. Pe3ynpTaTel HCCIEIOBaHUS MMOKA3ad, YTO JOCTYIHOCTb,
SKOHOMHYHOCTh M MHTEPAKTUBHOCTD DJICKTPOHHBIX TPEHAKEPOB JEIIAIOT MPOIecc 00yUueHus Ooee
3G EKTUBHBIM, CHOCOOCTBYSI CaMOCTOSITEIbHOMY OOy4YeHHI0 cryaeHtoB. Kpome Ttoro, 60%
CTY/JICHTOB BBIPA3WJIM BBICOKHI YPOBEHb YJIOBJICTBOPCHHOCTH HCIIOJIb30BAaHHEM 3JICKTPOHHBIX
TpeHa)XepoB B mporecce oOydeHus. OMHAKO HEKOTOpbIE MPOOJEMBbI, TaKWe KaK HaBHTAIHs IO
y4eOHbIM MaTepuaiaM, YyKa3blBAlOT HAa HEOOXOJMMOCTh JaJbHEUIIEr0 COBEPIICHCTBOBAHUS
AJIEKTPOHHBIX 00pa30BaTEIbHBIX HHCTPYMEHTOB.

KawueBble cjI0Ba: 3JICKTPOHHBIC TPEHAXEPHI, caMO0Opa30BaHUE, HEOPTaHWYECKas XHMHUS,
CJIO’)KHOE TIOHSATHE, MHTEPAKTHBHOE O0yYCHHE.

Introduction. The development of digital technology has significantly influenced the field of
education, with e-books playing a central role in this transformation. In recent years, e-books have
become an essential tool for self-education, offering enhanced flexibility and convenience to
learners. This technological shift has profound implications for scientific disciplines, particularly
for complex subjects like inorganic chemistry. Inorganic chemistry is fundamental to understanding
the chemical principles behind non-organic substances and materials, which are essential to
numerous industries, from materials science to environmental chemistry. Despite the traditional
reliance on physical textbooks, the rise of digital formats such as e-books provides a modern
alternative, making learning more accessible and engaging. E-books offer several advantages that
can directly impact the learning process, such as portability, ease of access, and integration of
multimedia content. This is particularly relevant in scientific education, where learning often
requires access to complex diagrams, chemical equations, and simulation tools. Furthermore, the
adaptability of e-books allows learners to tailor their educational experiences to suit their individual
needs, enabling them to study at their own pace. However, despite these apparent benefits, the role
of e-books in the self-education of inorganic chemistry remains underexplored, especially in
comparison to traditional learning methods. This study aims to address this gap by investigating the
impact of e-books on self-directed learning in the field of inorganic chemistry, analyzing both the
benefits and potential drawbacks of using e-books as a learning tool.

The relevance of this study is grounded in the growing importance of digital learning resources
in the modern educational landscape. As e-books become more widespread in both formal and
informal learning environments, understanding their impact on self-education in specialized fields
like inorganic chemistry becomes crucial. Inorganic chemistry, with its theoretical foundations and
practical applications, is an area where self-study often requires a deep understanding of intricate

101



../../../acer/Downloads/0009-0006-5032-8815
mailto:moldirserikbaeva73@gmail.com

Becmuuk KazHIIY um. A6as, cepusi «<EcmecmeeHHo-2eozpaguyeckue Hayku», 1(83), 2025 a.

concepts, reactions, and mechanisms. While e-books have been increasingly integrated into various
educational frameworks, their specific impact on self-directed learning in inorganic chemistry has
not been sufficiently studied. This research aims to fill this gap by exploring how e-books affect
self-education in this specific scientific discipline.

The primary objectives of this study are:

1. To assess the impact of e-books on the self-education process in inorganic chemistry,
focusing on how they support independent learning.

2. To evaluate the effectiveness of e-books in improving comprehension and retention of core
concepts in inorganic chemistry, including chemical bonding, molecular structures, and reaction
mechanisms.

3. To investigate the role of e-books in fostering critical thinking, problem-solving, and self-
regulated learning in the context of inorganic chemistry education.

4. To identify the advantages and limitations of using e-books compared to traditional
textbooks in the field of inorganic chemistry and to provide recommendations for their more
effective integration into self-education practices.

The use of e-books in education has been a topic of considerable academic interest in recent
years, with many studies highlighting the advantages of digital learning tools in various disciplines.
E-books, as a medium for education, have been shown to offer several benefits over traditional
printed materials, including enhanced interactivity, accessibility, and portability. According to a
study by Lee and Choi (2020), the integration of multimedia elements such as videos, interactive
diagrams, and simulations in e-books enhances the learning experience, particularly in subjects that
require visual representation of complex concepts, such as inorganic chemistry. For instance,
molecular structures, chemical bonds, and reaction pathways in inorganic chemistry can be more
effectively illustrated through interactive 3D models in e-books, which allow learners to engage
with content in a dynamic manner[2].

Further research by Smith (2018) suggests that e-books offer flexibility in terms of learning
pace and style, which is crucial for learners in self-education settings. E-books allow learners to
navigate through content in a non-linear fashion, providing them with the ability to review materials
at their own pace, make annotations, and cross-reference related topics easily. This flexibility is
especially important in the field of inorganic chemistry, where understanding often requires
revisiting difficult concepts and applying them to different contexts. E-books also offer search
functions that allow students to quickly find specific information, a feature not available in
traditional textbooks[4].

Moreover, e-books have the potential to foster active learning and enhance critical thinking
skills. Studies by Johnson (2019) demonstrate that the interactive features of e-books—such as
hyperlinks to related topics, embedded quizzes, and the ability to highlight or annotate text—
encourage deeper engagement with the material. These features support the development of
analytical skills, which are essential for mastering the complex theoretical concepts in inorganic
chemistry[1].

However, the effectiveness of e-books in promoting deep learning remains a subject of debate.
O’Reilly and Hall (2021) point out that while e-books provide a wealth of information and
interactive resources, they also pose certain challenges. One of the most significant concerns is the
potential for distraction, as digital devices can facilitate multitasking, which may reduce learners’
focus and attention[3].

Despite these challenges, the potential for e-books to enhance the learning experience in
inorganic chemistry is undeniable. A study by Thompson and Nogueira (2022) indicates that e-
books can support self-regulated learning, where learners actively monitor and control their own
learning processes. This autonomy is especially important in scientific disciplines, where self-
directed learning is a key component of mastering complex material. The integration of e-books
with other digital tools, such as learning management systems and online databases, further
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enhances their potential as an educational resource.While the literature provides strong evidence for
the advantages of e-books in education, further research is needed to assess their specific impact on
self-education in the field of inorganic chemistry. This study seeks to contribute to the existing body
of knowledge by exploring how e-books can be used to improve learning outcomes in this
discipline, with particular attention to their role in fostering independent, critical, and self-regulated
learning[5-9].

Materials and Methods. This study explores the impact of e-books on self-education in
inorganic chemistry. The participants were selected from undergraduate and graduate students
enrolled in inorganic chemistry courses at Abai Kazakh National Pedagogical University, located in
Almaty, Kazakhstan. The research was conducted in the university’s digital learning environments,
where students accessed e-books and other online resources. The participants were divided into two
distinct groups:

Group 1: The first group students — These students were enrolled in introductory inorganic
chemistry courses, focusing on fundamental topics such as atomic structure, bonding, and chemical
properties of elements. This group was selected to assess how e-books assist in the understanding of
foundational concepts in inorganic chemistry.

Group 2: The second group students — These students were enrolled in advanced inorganic
chemistry courses, covering topics such as reaction mechanisms, coordination chemistry, and
materials science. This group was included to evaluate how e-books support comprehension of
more complex and specialized topics in the discipline.

The study was conducted over the course of one semester, enabling participants to engage with
the e-books and reflect on their learning experiences in a naturalistic setting.

Research Questions. The primary objective of this study was to examine the role of e-books in
enhancing self-education in inorganic chemistry. The following research questions were formulated
to guide the investigation:

1. How do e-books influence students’ understanding of fundamental concepts in inorganic
chemistry?

o This question explores whether e-books contribute to better comprehension and retention of
core topics such as atomic theory, chemical bonding, and molecular structure.

2. What are the perceived benefits and challenges of using e-books for self-education in
inorganic chemistry?

o This question investigates the advantages and limitations of e-books as a tool for
independent learning, focusing on factors such as accessibility, ease of use, and content quality.

3. How do interactive features in e-books (e.g., 3D molecular models, simulations) enhance the
learning experience in inorganic chemistry?

o This question assesses how interactive tools such as 3D visualizations and simulations
contribute to the understanding of complex chemical processes and concepts.

4. What is the overall satisfaction of students with the use of e-books in their self-education
process?

o This question aims to gauge students’ overall satisfaction with e-books, evaluating factors
such as ease of navigation, content quality, and their effectiveness in supporting independent study.

Materials.

The materials used in this study comprised a range of e-books and digital resources relevant to
inorganic chemistry. These materials were selected to cover a variety of content levels, from
introductory textbooks to advanced research publications. The e-books were sourced from reputable
educational platforms, academic publishers, and online libraries. The selected materials included:

¢ Introductory E-books: Textbooks covering fundamental inorganic chemistry topics such as
atomic structure, chemical bonding, periodic trends, and basic reaction mechanisms, aimed at
undergraduate students.
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« Advanced E-books: Texts focused on more specialized areas of inorganic chemistry, such as
coordination chemistry, organometallics, and materials science, designed for graduate students.

« Interactive E-books: A selection of e-books that included multimedia elements such as 3D
molecular models, simulations, and instructional videos, intended to enhance student engagement
and understanding of complex concepts.

« Supplementary Digital Resources: Additional resources such as articles, video tutorials, and
online research papers were used to support the main e-book materials and further enrich the
students’ learning experiences.

Methodology.

A mixed-methods approach was employed to gather both qualitative and quantitative data,
providing a comprehensive understanding of the impact of e-books on self-education in inorganic
chemistry. The methodology included the following key research methods:

Surveys: A structured
questionnaire was developed and
distributed to all participants to
collect quantitative data on their
experiences using e-books books
for learning inorganic chemistry.

Interviews: Semi-structured
interviews were conducted with
20 students (10 from each group)
to explore how e-books impacted
their understanding of complex
inorganic chemistry concepts.

Observations: The
observations were aimed at
understanding  how  students
navigated the digital materials,
utilized interactive tools, and
engaged with multimedia content.

Data Analysis. The quantitative data collected from the surveys were analyzed using
descriptive and inferential statistical techniques, including frequency distributions, mean scores, and
correlation analysis. This analysis helped identify patterns in student responses regarding the
effectiveness of e-books in enhancing learning. For the qualitative data, thematic analysis was
employed to identify recurring themes and insights from the interview transcripts. The responses
were coded and categorized to highlight key factors contributing to the students’ experiences with
e-books. To present the findings visually, pie charts were used to illustrate the distribution of
responses across various categories, such as overall satisfaction with e-books, perceived benefits,
and challenges faced by the students. Additionally, bar graphs were used to display the frequency of
specific themes emerging from the interviews and observations.

Results. This section presents the findings from the surveys, interviews, and observations
conducted to assess the impact of e-books on self-education in inorganic chemistry. A total of 40
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students participated in the study, divided into two groups: 20 students from the first group and 20
students from the second group. The results are discussed below based on key aspects such as the
influence of e-books on learning, satisfaction levels, and challenges faced by students.

8. Influence on Understanding Complex Concepts. The majority of students reported that e-
books, particularly those with interactive tools like 3D molecular models and simulations, helped
them better understand complex inorganic chemistry concepts. A total of 70% (28 students) agreed
that these interactive features contributed significantly to their comprehension of topics such as
atomic structures, chemical bonding, and reaction mechanisms.

o The students of the first group: 65% (13 students) felt that interactive features, such as 3D
models, were particularly beneficial for understanding basic concepts.

o The students of the second group: 75% (15 students) reported that multimedia content
enhanced their understanding of advanced topics like coordination chemistry and reaction
mechanisms.

Table 1: Influence of E-books on Understanding Complex Concepts

Group Number of Agree (Impact of Interactive Disagree (No
Participants Features) Impact)
The students of the first group 20 13 (65%) 7 (35%)
The students of the second group 20 15 (75%) 5 (25%)
Total 40 28 (70%) 12 (30%)

9. Overall Satisfaction with E-books. Overall, 60% (24 students) of participants were highly
satisfied with their e-book learning experience. Another 30% (12 students) were moderately
satisfied, while 10% (4 students) were dissatisfied.

e The students of the first group: 60% (12 students) expressed high satisfaction, while 30% (6
students) were moderately satisfied, and 10% (2 students) were dissatisfied.

e The students of the second group: 60% (12 students) were highly satisfied, 30% (6 students)
were moderately satisfied, and 10% (2 students) were dissatisfied.

The study findings indicate that e-books have a generally positive impact on self-education in
inorganic chemistry, particularly in terms of accessibility, interactivity, and cost-effectiveness. The
majority of participants reported enhanced engagement and comprehension through multimedia
features such as videos and 3D models. However, challenges such as distractions, difficulties with
long-term retention, and preferences for traditional textbooks in advanced topics suggest that e-
books should complement, rather than replace, conventional learning resources.

Discussion. The findings of this study highlight the transformative potential of e-books in
enhancing self-directed learning within inorganic chemistry. While they present distinct advantages,
including increased accessibility, flexibility, and interactivity, several challenges remain that must
be addressed to optimize their effectiveness. This discussion contextualizes the results within the
broader literature, explores the implications for educational practice, and suggests avenues for
future research.

Accessibility and Convenience: One of the primary advantages highlighted in the article is the
accessibility of e-books. Unlike traditional textbooks, e-books are readily available online and can
be accessed from various devices such as computers, tablets, and smartphones. This makes self-
education more convenient, especially for individuals who may not have easy access to physical
libraries or textbooks in the field of inorganic chemistry. With just an internet connection, learners
can access a vast range of educational materials, including advanced topics in inorganic chemistry,
such as transition metal chemistry, crystal field theory, and the study of chemical bonding[10-15].

Interactivity and Engagement: Another significant advantage of e-books is their ability to
integrate multimedia elements such as interactive diagrams, videos, and animations. In inorganic
chemistry, where concepts such as molecular structure and reaction mechanisms are complex, these
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interactive features can help students visualize the material more effectively. For instance, 3D
models of molecules or animated reactions can provide deeper insights into abstract concepts, thus
enhancing the understanding of learners. This is particularly beneficial for self-learners who may
not have access to lab demonstrations or live lectures.

Flexibility and Personalization: E-books offer greater flexibility compared to traditional
textbooks. They can be read at one’s own pace, allowing learners to revisit and review material as
needed. Additionally, e-books often feature search functions, allowing readers to quickly find
relevant information. In the context of inorganic chemistry, where understanding key principles and
terminologies is essential, e-books enable learners to easily navigate through complex topics, search
for definitions, and cross-reference materials. This personalization of learning allows students to
focus on areas where they need the most improvement, fostering a more tailored approach to
education.

Cost-Effectiveness: Cost is another factor that makes e-books a valuable tool for self-education.
Traditional chemistry textbooks, especially those in specialized fields like inorganic chemistry, can
be prohibitively expensive. E-books, on the other hand, are often more affordable and can
sometimes be freely available, particularly for public domain texts or open educational resources.
This affordability makes it easier for a wider range of students, professionals, and self-learners to
access high-quality content in the field of inorganic chemistry, thus democratizing knowledge.

Limitations and Challenges:Despite their many advantages, the article also discusses some
challenges associated with e-books in self-education. One such challenge is the potential for
information overload. With an overwhelming amount of information available in e-books, learners
may struggle to discern between credible sources and unreliable content. Additionally, the lack of
physical interaction with a textbook, such as underlining or making notes in the margins, can make
it more difficult for some individuals to engage deeply with the material. Some learners may find it
harder to retain information when using e-books compared to physical books, due to the distraction
or cognitive differences in reading on digital screens.

The Role of E-Books in Formal Education: While e-books have undoubtedly revolutionized
self-education, the article emphasizes their role as a complement to formal education, not a
replacement. While they provide a wealth of resources for independent learning, students may still
require guidance from educators or the opportunity to participate in hands-on laboratory
experiments to fully grasp the intricacies of inorganic chemistry. The combination of e-books with
classroom instruction, online courses, or study groups can create a well-rounded educational
experience, with e-books offering supplementary resources to traditional learning methods.

Future Directions: Looking ahead, the integration of artificial intelligence and machine learning
into e-books could further enhance the learning experience. Adaptive learning platforms powered
by Al could tailor the content to the learner’s needs, offering personalized quizzes, feedback, and
suggestions for further reading based on performance. Additionally, the development of augmented
reality (AR) and virtual reality (VR) technologies could enable more immersive learning
experiences for students of inorganic chemistry, allowing them to engage with complex chemical
models and reactions in ways that were previously unimaginable.

Conclusion. The findings from this study provide valuable insights into the impact of e-books
on self-education in inorganic chemistry. The results underscore the potential of e-books,
particularly those with interactive features, to significantly enhance students’ understanding of
complex chemical concepts. Both the first and second group students found that multimedia
elements, such as 3D molecular models and simulations, were instrumental in clarifying abstract
topics, suggesting that e-books offer an effective means of visualizing and engaging with
challenging material.

The distinction between the two student groups—the first and second groups—revealed that e-
books serve learners at different levels of expertise. The students of the first group particularly
benefitted from interactive features when learning fundamental concepts such as atomic structures
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and basic chemical bonding. On the other hand, the students of the second group, who are dealing
with more advanced topics like coordination chemistry and reaction mechanisms, found these tools
even more crucial for their deeper understanding. This highlights the adaptability of e-books, which
cater to varying levels of learning and provide a flexible resource for students at all stages of their
education.

Overall, satisfaction with e-books was high, with 60% of all participants reporting they were
highly satisfied with their e-book learning experience. This indicates that the majority of students,
regardless of their academic level, found e-books to be a valuable educational tool. The fact that
satisfaction levels were consistent across both undergraduate and graduate students suggests that e-
books are broadly effective for learning inorganic chemistry, irrespective of the learner’s depth of
knowledge in the subject. However, the study also revealed that a small portion of students—
especially the second group students—encountered challenges with navigating e-books or locating
specific information. These difficulties point to potential areas for improvement, such as enhanced
search functions, better content organization, and user-friendly interfaces.

To sum up, while e-books have proven to be an effective and satisfying tool for self-education
in inorganic chemistry, there are opportunities for continued development. The integration of more
user-friendly features, improved navigation, and adaptive learning functionalities could enhance the
experience for both undergraduate and graduate students. Future studies may explore the long-term
impact of e-books on academic performance and compare them with other forms of learning
materials, such as online courses or interactive textbooks. As e-books continue to evolve, they hold
significant promise for the future of education, offering students a dynamic and accessible platform
for mastering complex topics in inorganic chemistry and beyond.
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