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Abstract—Developing professional competence among future
teachers is a key aspect of the modern education system,
especially in the context of the rapid advancement of digital
technologies. Since the early 1990s, the European Union has
paid special attention to the education and training of highly
qualified educators capable of effectively utilizing modern
teaching methods. The report “Europe and the Global
Information Society” emphasized the need for integrating new
technologies into the educational process. This research project
focuses on a relatively unexplored area—the use of digital
technologies to develop future chemistry teachers’
competencies in Kazakhstan. The research aims to enhance
understanding of the effective application of digital technologies
in chemistry education and provide practical recommendations
to improve the quality of education. The study utilized various
methods, including theoretical analysis, online surveys,
modeling, experiments, and the analysis of test results. Survey
results among students confirmed the importance of using
digital technologies to develop the professional competence of
future chemistry teachers. A pedagogical experiment using
digital technologies revealed the effectiveness of educational
and methodological support specifically designed to enhance the
professional skills of future chemistry teachers. Monitoring
results indicated a significant increase in the professional
competence of experiment participants. These findings are
crucial for the developing curriculum aimed at preparing
future chemistry teachers and contribute to the improvement of
education quality in this field. The conclusions drawn can be
used to further enhance teaching methods in chemistry using
digital technologies in Kazakhstan and other countries.

Keywords—professional competence, information
technologies, digital literacy, game-based learning technology,
level-based learning technology, virtual laboratory

[. INTRODUCTION

In recent decades, Information and Communication
Technologies (ICT) have brought significant changes to the
social, economic, and cultural spheres of society,
substantially improving the quality of life and the dynamics
of societal development. An integral part of this process is the
field of education, where ICT can significantly impact the
formation of professional competencies for future educators.
In this context, since 1993, the European Union has actively
advocated for the need to train and enhance the level of ICT
literacy among teachers, as emphasized in the report “Europe
and the Global Information Society” [1].
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To meet the growing demands for digital literacy among
citizens and improve educational systems, the European
Commission adopted the “Europe 2020” strategy in 2010.
This strategy is aimed at addressing Europe’s key priorities in
the areas of economy, knowledge, and innovation. One
fundamental aspect of the strategy is ensuring the presence of
well-prepared teachers capable of adapting to new teaching
methods and effectively using ICT to enhance learning
outcomes and student employability [2].

Two recent initiatives undertaken by the European
Commission, “Rethinking Education” and “Opening up
Education,” underscore the importance of having
well-prepared, motivated, and entrepreneurial teachers [2]. In
this context, it is crucial not only to improve the educational
level of teachers but also to integrate pedagogy and
technology [3, 4].

Despite the importance of professional development, it is
also necessary to ensure technological competence among
the teaching staff [5]. In this context, the significance of
continuous development of professional competence in the
training of future teachers is increasing. However, despite a
considerable volume of research dedicated to the digital
competence of teachers, issues related to the effective use of
educational technologies in teacher training require further
exploration [5-9].

In this context, our article aims to justify possible ways of
using digital technologies to enhance the competencies of
future chemistry teachers’ modern education settings. The
professional competence of future teachers, including the
ability to effectively utilize digital technologies in the
educational process, is a key aspect of this research. The goal
of our study is to contribute to understanding the
effectiveness of incorporating digital technologies in the
training of future chemistry teachers and developing specific
strategies to enhance the quality of their education. To
achieve this goal, tasks were outlined, including exploring
the potential of digital technologies, assessing the level of
professional competence, creating educational materials, and
conducting an experiment to evaluate the effectiveness of
digital technologies in the professional training of future
chemistry teachers. The results of this study can provide
insight into the effectiveness of utilizing digital technologies
in the preparation of chemistry teachers and will make a
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significant contribution to the current discourse on the
development of professional competence in
education [10-17].

II. LITERATURE REVIEW

In recent years, Information and Communication
Technologies (ICT) have significantly influenced social,
economic, and cultural changes in society, leading to an
improvement in the quality of life for individuals and
communities. However, the potential of ICT in education is
still evolving. The scientific literature review on this topic
encompasses a range of studies, articles, and publications
examining various aspects of developing the professional
competence of future chemistry teachers through the use of
digital technologies, with a focus on the context of
Kazakhstan.

Shagataeva et al. [18] provided an analysis of the
integration of digital technologies into the chemistry
education system in Kazakhstan. The authors emphasized the
impact of using virtual laboratories, electronic textbooks, and
other digital resources on the development of the competence
of future chemistry teachers. At the same time,
Salimzyanova et al. [19] explored challenges and
opportunities for preparing chemistry teachers in Kazakhstan
in the digital age. They analyzed the current state and
proposed strategies for the effective use of digital
technologies in the professional training of future teachers.
Some later Ergashovich [20] aimed to identify the
perspectives of using digital technologies in chemistry
education in Kazakhstan. The author conducted surveys of
chemistry students, revealing their opinions on the role of
digital technologies in developing their professional
competence. Moreover, Trenova et al. [21] focused on
developing competencies for chemistry teachers in the digital
era, drawing from the experience in Kazakhstan. The authors
analyzed the effectiveness of using digital technologies in
teaching chemistry and their impact on the preparation of
future teachers.

Abdigapbarova and Zhiyenbayeva [22] discussed
innovative approaches to chemistry education in Kazakhstan
with an emphasis on the use of digital technologies. They
highlighted the role of digital resources in developing key
competencies for chemistry teachers.

Furthermore, it is crucial for future teachers to have a clear
understanding of concepts such as professionalism,
professional culture, and professional identity, which can be
incorporated into a broader understanding of professional
competence. It is expected that a modern teacher will possess
a range of qualities, including generosity, professional
mastery, self-improvement, theoretical knowledge, practical
skills, and a positive cultural outlook. Professional
competence is a vital component of effective teaching and is
defined as a combination of knowledge, skills, abilities,
beliefs, and moral values [23-25]. Then Struyven and Meyst
in their systematic review [26] found that professional
competencies are often grouped as “professional/technical
knowledge”, “subjective competencies”, “pedagogical
competencies”, “skills”, or “attitudes”. Voogt et al. [27]
proposed a broader definition of professional competence
that includes not only the knowledge and skills necessary for

effective classroom teaching but also the ability to interact
and collaborate with colleagues within and beyond the school
community. Additionally, ethical commitments contribute to
student learning and professional growth. They emphasized
that achieving professional competence is a lifelong process
that begins with Initial Teacher Education (ITE).
Bennett ef al. [28] noted that professional competence is a
complex concept encompassing various aspects of teaching,
and Ivannikova et al. [29] suggested that additional research
is needed to understand the developmental trajectories of
different aspects of teacher competence.

Many researchers have proposed components and criteria
for assessing the level of professional competence of future
teachers. For instance, studies by Krumsvik [30, 31] and
Kay [32] indicated that subject matter knowledge is a
fundamental component in assessing the professional
competence of chemistry teachers. They included knowledge
of fundamental concepts, theories, and principles of
chemistry, as well as the ability to apply them in practice. The
assessment of students’ learning achievements is also
highlighted as crucial in evaluating the professional
competence of chemistry teachers. This criterion involves the
ability to develop and conduct assessment tasks and analyze
assessment results to enhance the teaching process.

Also, it should be noted that Ferrari [33] emphasized the
importance of an orientation component in the use of modern
teaching methods. This component includes the ability to use
research and problem-solving teaching methods, as well as
employing modern technologies to enhance the teaching
process. Krumsvik [34] underscored the importance of
considering chemistry teachers’ ability to reflect and
self-assess for evaluating their professional competence. This
criterion involves the ability to analyze one’s work and the
teaching process, identify strengths and weaknesses, and
develop strategies for professional improvement. Generally,
the concept of pedagogical digital competence was
introduced by Krumsvik et al. [35] as a set of skills, abilities,
and perspectives that teachers should possess for the
effective integration of digital technologies into their practice
and professional development. Additionally, Mutekwe [36]
noted that digital competence requires both technological
knowledge and didactic application. Therefore, a teacher’s
digital competence includes the responsibility not only to
develop their own digital competence but also to contribute
to the development of digital competence among their
students [37].

Similarly, United Nations Educational, Scientific and
Cultural Organisation (UNESCO) [38] has developed its own
dimensions, indicators, and levels to measure the
development of teachers’ digital competence. Recognizing
digital competence as an essential set of skills reflects the
importance of technology in contemporary society and
education. Teachers who are competent in digital
technologies can better prepare their students to navigate and
succeed in the digital age.

Therefore, it is crucial to develop the digital competence of
future teachers, and there are numerous ways to teach digital
literacy, which is the first step in this direction. However, the
authors emphasize that it is essential not only to focus on
technical skills but also to cultivate innovative thinking and
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creativity in the digital environment. For instance,
International Society for Technology in Education [39]
suggested employing a gamified approach in teaching digital
literacy to enhance students’ skills with various digital tools
and stimulate their creative thinking.

Some researchers also indicates that the use of gaming
technologies can be an effective method for teaching digital
literacy. For example, in the study of Lund ef al. [40], the use
of gaming simulations helped students improve their digital
literacy and critical thinking skills. In another study by
Instefjord and Munthe [41], the use of gaming technologies
aided students in developing communication and
collaboration skills.

Another crucial aspect of effective digital literacy
education is the use of a personalized approach to teaching,
considering the individual needs and interests of students.
For instance, Rohman and Sajo [42] used personalized
learning to help students enhance their digital literacy skills
and increase motivation for learning.

In conclusion, it is important to note that effective
education in digital literacy should also include teaching
ethical behavior in the digital environment. This involves
providing educational materials and practices related to data
privacy, digital violence, and other ethical issues associated
with the use of digital technologies [43—48].

III. RESEARCH BACKGROUND

The development of professional competence among
future chemistry teachers is a significant undertaking, given
the complexity and unique characteristics of this discipline.
Understanding fundamental research and concepts, is crucial,
making the development of professional skills paramount. In
the field of chemistry, a deep understanding and application
of modern teaching methods are necessary. This
development allows teachers to effectively convey
knowledge and inspire students, generating interest in a
challenging subject [49, 50]. This, in turn, contributes to
progress in science, industry, and society as a whole.
Therefore, ensuring a high level of education in chemistry
and shaping successful professionals in this field places the
development of professional competence among future
chemistry teachers as an essential and critical task [51].

Analytical chemistry, as one of the key areas in the field of
chemistry, holds strategic importance in various research and
production areas. This scientific field involves the
development and study of analytical methods, as well as the
creation of new approaches to determine the composition and
properties of substances. The role of analytical chemistry
extends to pharmaceuticals, the food industry, medical
diagnostics, environmental science, and other significant
areas of research and production.

Currently, analytical chemistry is included in the
curriculum for students in grades 8—11 according to updated
standards. The curriculum consists of laboratory sessions and
practical assignments covering both qualitative and
quantitative courses. Despite the importance of integrating
analytical chemistry into the educational process, it is crucial
to focus on effective teaching methods and create a
motivational environment to stimulate students’ interest in
the subject. Therefore, developing of the professional

competence of future chemistry teachers in the field of
analytical chemistry becomes a critical factor in ensuring
high-quality education and the formation of qualified
professionals.

In higher education institutions, analytical chemistry is
taught to second-year students, covering sections such as
“Qualitative Analysis” and “Quantitative Analysis.” The
course includes lectures, practical sessions, and laboratory
work, providing students with the necessary knowledge and
practical skills to work with modern analytical methods.
However, challenges may arise in teaching qualitative
analysis due to the duration and complexity of laboratory
work, as well as a shortage of reagents and equipment.
Addressing these issues involves the use of modern teaching
methods, including virtual laboratories, and ensuring access
to contemporary technologies and equipment. This not only
aids in understanding the theoretical concepts of analytical
chemistry but also develops skills in working with modern
technologies. Additionally, a focus on group projects and
assignments contributes to the development of teamwork
skills, which is a key aspect of preparing future professionals
in the field of analytical chemistry [52].

IV. RESEARCH METHODS

With the aim of enhancing the professional competence of
future chemistry teachers through digital technologies, an
electronic textbook on the topic of “Qualitative Analysis” in
analytical chemistry was developed and tested (see Fig. 1).
This tool not only deepens students’ knowledge but also
enhances their digital competence by integrating modern
technologies into the learning process. The electronic
textbook, aligned with the curriculum, includes lectures,
practical sessions, and laboratory work, providing numerous
self-study assignments, including quizzes, reports, and test
tasks.

Lecture
Practical lesson
Laboratory lesson
Task
Virtual laboratory

I

TEACHING TOOLS:
- Interactive board

-PC

- Tablet

- Smartphone

- Software

CONTENT: \

L Intro to Analytical Chemistry
IL Some tules of the electrolyte
solutions theory

ILThe basis of qualitative
analysis

IV. The systems heterogeneous
equilibium

V. Acid-base reaction theory

VI Oxidation-reduction
balances

VIL Equilibrium in solutions of
coordination compounds

VIIL  Classification of
qualitative analysis methods

IX Systematic analysis  of
cations by the acid-base method

\ X Qualitative analysis of anions

PURPOSE: to develop
the professional
competence of the
future chemistry
teachers on the digital
 basis

Educational tool on the
subject “Fundamentals
of Analytical
Chemistry. Qualitative
- Intemet network analysis”

- Blectronic textbook

- Presentation

- Laboratory equipment
- Virtual Taboratory

LEARNER

TEACHING
METHODS

Learning
outcomes
Self-
.
assessment

USED
TECHNOLOGIES:

- Digital technologies

- Development of critical

TASKS:

- Tests

- Writing essay

- Project protection

- Report

- Solving crossword
puzzle

COMPONENTS OF
PROFESSIONAL
COMPETENCE:

- Motivation

- Cognitive

- Operational

- Organizational

- Exoerience

- Quiz
- Interactive task

USED
PLATFORMS:
o com
- Flippity.net

- Kahoot.com

- Learningapps.org

COMPETENCES

DEVELOPED IN
STUDENTS:

- Personality

- Informative

- Digital

- Scientific research

- Subject

- Communicative

|

RESULT: FUTURE CHEMISTRY TEACHER WITH DEVELOPED
PROFESSIONAL COMPETENCE

- Wordwallnet ru

- Quizizz.com

- Classtools.net

- Padlet com

- Macromedia Flash

thinking technology

- Game leaming technology

- Leveled and differentiated
teaching technology

- Interactive learning

technology

Fig. 1. Electronic textbook model developed for the subject “Analytical
Chemistry”.
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Additionally, to improve students' knowledge and skills, a
methodology for conducting practical sessions using
“competitive gaming” and “differentiated learning levels”
technologies is proposed. This approach aligns with the
principles of developmental and level-differentiated learning,
fostering innovative thinking, creativity, critical thinking,
and digital literacy. Moreover, at the conclusion of each
lecture, assignments utilizing digital technologies are given
for independent completion to further enhance students
digital competence [53].

A self-assessment methodology was employed for the
electronic textbook, where students received scores based on
their performance level in each task. This approach not only
allows for assessment but also fosters the development of
students’ professional competence, building the necessary
skills to apply acquired knowledge in their future
professional endeavors. Thus, the creation of this electronic
textbook using digital technologies contributes to the
improvement of education quality, provides an effective and
interactive learning process, and facilitates the development
of the professional competence of future chemistry
teachers [54].

In the academic year 2021-2022, a descriptive experiment
was conducted at the South Kazakhstan State Pedagogical
University. An online survey was administered among
students of the Chemistry Faculty specializing in Chemistry
Education and Chemistry-Biology Education. The aim was to
assess the level of development of both professional and
digital competencies among future chemistry teachers.
Google Forms was utilized to survey 121 students, providing
both qualitative and quantitative data for analysis (refer to
Fig. 2). The survey link is provided below:
(https://forms.gle/IRCvvsK5cb7PjBnVA).

Fig. 2 reveals the distribution of responses provided by
respondents to each question as follows:

®  Question 1: 68.6% of respondents indicated a need
for further learning and improvement, while 31.4%
expressed complete confidence in their professional
competence.

® (Question 2: Responses were categorized as 7.4%
low, 60.3% medium, and 32.2% high regarding
confidence levels.

®  Question 3: The majority, constituting 82.6% of
respondents, affirmed belief in the efficacy of digital
technologies for enhancing the learning process.
Conversely, 7.5% favored traditional teaching
methods, and 9.9% expressed openness to
employing any effective teaching method.

® Question 4: Frequency of technology utilization
varied among respondents, with 22.3% reporting
daily usage, 44.6% a few times a week, 24.8% once
a week, 4.2% rarely, and 3.1% never.

® Question 5: Perceived benefits of technology
included increasing the availability and variety of
educational materials (38%), fostering active
student participation (28.1%), improving interaction
and communication between teachers and students
(20.7%), and enhancing the level of understanding
and memorization of material (13.2%).

1. Do you consider that your
professional competence as a future
specialist is fully developed?

2. How would you assess your level
of digital competence?

3. Do you enjoy using digital
technologies in the classroom?

4. How often do you use digital
technologies in chemistry classes?

38%

5. What advantages do you see in using
digital technologies in chemistry
classes?

6. Do you believe that developing
professional competence through
digital technologies can help you in
your future career as a chemistry
teacher?

Fig. 2. Qualitative and quantitative analysis of the survey.

In the analysis of open-ended questions in the online
survey, the following observations can be highlighted:
51.24% of participating students identified “professional
skills” as important factors for successful work in the
profession. They described the need for knowledge,
experience, personal qualities, and skills for effective work in
the professional field. 27.27% of respondents noted
“fulfillment of professional tasks” as an important factor,
describing the need for knowledge and skills for the
successful completion of professional tasks. Thus, students
demonstrated a correct understanding of professional skills.

In response to the question about the difficulties students
face when transitioning from school to university, 62.81%
pointed out difficulties in using new educational technologies
and highlighted challenges related to the seamless use of
digital technologies. During the survey, 26.44% of
participants mentioned using mobile applications and various
platforms, while 17.4% preferred virtual laboratories. Others
most commonly mentioned presentation programs (such as
PowerPoint) and interactive boards. The survey also showed
that students rarely use various types of digital technologies
to enhance their motivation and create a stimulating
educational environment
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For future chemistry teachers, it is crucial to develop not
only their professional skills but also their digital literacy. To
achieve this, it is necessary to introduce new teaching
methods, actively use digital technologies in the educational
process, teach students to use digital tools, and effectively
integrate them into the educational process. Survey results
indicate that digital technologies can become a significant
element of the professional development of future chemistry
teachers, and their use has a substantial impact on the quality
of education and training [55].

In the first semester of the 2022-2023 academic year, a
pedagogical-experimental study was conducted to assess the
professional competence of future chemistry teachers
according to specific criteria and to determine the
effectiveness of the educational and methodological support
prepared using digital technologies. The research involved
students from the 2™ year of the South Kazakhstan
Pedagogical University, specializing in chemistry and
biology education. The experimental group consisted of
students in the chemistry teacher specialty, while the control
group comprised students in the chemistry-biology teacher
specialty. There were 26 students in the experimental group
and 25 students in the control group. One practical session on
“Heterogeneous Equilibrium in Analytical Chemistry” was
conducted in the experimental group, which was structured
as a game-competition. Before the game, the student group
was divided into subgroups using a generator on the
classtools.net  platform. By accessing the link
https://www.classtools.net/random-name-picker/ and
clicking the “edit” button, the names of the student group
were recorded. The generator was activated to randomly
assign student to different groups. This game consisted of
three rounds, with points awarded for Tasks I, II, III of each
round. All tasks were displayed on an interactive board and
the group with the highest number of points at the end was
declared the winner. Prizes were awarded to students in the
winning group (Table 1).

Table 1. The content of the practical session organized in the form of a game
competition

According to the game
rules, two groups took
turns answering
questions  within a
specified time frame
by spinning a drum.
The answer to a
question was removed
by clicking the
“Remove” button. If
one group couldn’t
answer, the next group
provided their answer.

According to the rules of
the game, each group
took turns selecting
windows for 100, 200,
300, 400, and 500
points, revealing the
topic of the question.
The difficulty of the
question was
proportional  to  the
number  of  points
awarded for a correct
answer. Each group
answered the questions
shown in the selected
window, and if unable to
answer, the next group
had the opportunity to
respond, with the points
transferred  to the

Google Test provides
an  opportunity  for
additional testing, and
at the end, each student
can review their scores
and correct answers.
Thus, after taking the
test, students  can
continue their work,
retaining the provided
material and enhancing
their knowledge. To
achieve a high score, it

S points were awarded . is necessary to
answering group. After
for  each  correct . . thoroughly study the
answering, the window . .
answer, and at the end provided topics and
was closed, and the .
of the game, the scores prepare for them with
. correctness  of  the .
were tallied. due attention.
answer was checked.
The points for each

group were recorded. At
the end of the game, the
winning  team  was
determined based on the
total points earned.

I Round—Quiz

II Round—Intellectual
Competition “Leader

IIT Round—Test

of the 21* Century” Tasks

In this rour_ld,.the online In the third round,

platform flippity.net was . .
In the first round, using utilized for interactive multlp le-choice test
the “random round” intellectual tasks. questions were
method on the Flippity.net promotes a pr@sentc;d, G prle pared
wordwall.net platform, deeper understanding of ulsmfg the Google test
questions were the study material, plat (;rm T}cl)'n
presented, and students enhances motivation for gﬁog c.com. P hls
responded. A link was learning, ensures o oS or the
assessment of

provided for their

answers.

long-term retention of
knowledge, and reduces

individual abilities and

. knowledge of each
the time spent on
. learner.
education.
https://www flippity.net/
https://wordwall.net/ru qs.php?k=109VcTh7Dz https://forms.gle/sM87
/resource/52763462 kpgMnseV69fNubQIWf EjGATdwZ6mk66
B _VTiEllpx-V4dZo
=
o

Following one of the experimental lessons (Table 1),
testing was conducted with 8 students. Fig. 3 shows the test
results.

Distribution of points

Respondents
IS

16 17 18 19 20 21 22 23 24 25 26
Received points

Fig. 3. Test results obtained at the conclusion of the lesson.

In Fig. 3, it is evident that satisfactory responses were
given to 21.46 out of 26 points, with the median score
obtained being 22 out of 26.

At the conclusion of this experimental lesson, Padlet was
utilized for students to provide feedback. The teacher, who is
registered on the Padlet.com platform, sends the link to the
students. The Padlet board can be accessed on an interactive
board, and each student can join using their smartphone via
the link sent by the teacher to openly share their impressions
of the lesson. To receive feedback on this lesson, the Padlet
board is displayed on the interactive board at this link:
https://padlet.com/aliyakarmanova/padlet-p7hodh9msfgbdlo
w). Students can also express their thoughts on the Padlet
board by following this link All student communication can
be viewed on the Padlet board.

Furthermore, an image has been provided representing a
virtual laboratory showcasing reactions of cations from the
fifth analytical class (Fig. 4). To access the virtual laboratory,
press and hold the “Ctrl” key and click on the image.

This virtual experiment is presented in a non-animated
form; students perform it manually with the help of prompts.
This approach helps to maintain the flow of the work and
understand the characteristics of cations and reactions.
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KbIWKbLLO = HECI3AIK KAACCURUKAUUA HECISIHAEBECIHWILION KATUOHAAPLI
;

S

Fig. 4. Virtual laboratory of qualitative reactions of cations from the fifth
analytical group.

V. RESULTS AND DISCUSSIONS

An assessment of the professional competence of future
teachers was conducted before and after the experiment,
based on specific criteria. The results of the assessment are
presented in Table 2.

Table 2. The Results of before and after experimental monitoring of future
chemistry teachers (by levels)

The level of Control group Experimental group
professional  Before the  After the Before the After the
competence experiment experiment experiment experiment
of future
chemistry =35 % n=25 % n=26 % =26 %
teachers
High 5 20% 8 32% 6 23.08% 15 57.69%
Medium 18 72% 16 64% 17 6538% 11 4231%
Low 2 8% 1 4% 3 11.54% 0 0

From the analysis of the presented data, it can be
concluded that the pedagogical experiment significantly
influenced the level of professional competence of future
chemistry teachers in both research groups. The experimental
group demonstrated a significant increase in the proportion
of participants with a high level of competence, rising from
23.08% to 57.69% after the experiment. In the control group,
there was also an increase in this indicator from 20% to 32%,
but not as significant as in the experimental group. Both
groups showed a decrease in the proportion of participants
with a low level of competence, indicating the positive
impact of the pedagogical experiment on the overall level of
competence. These results confirm the effectiveness of
educational and methodological support developed using
digital technologies in enhancing the professional
competence of future chemistry teachers.

The analysis of the research results allowed us to assess the
impact of digital technologies on the development of the
professional competence of future chemistry teachers and
identify their advantages and limitations in an educational
context. This study enables us to identify specific aspects
where digital technologies can be effective, such as
interactive electronic resources, virtual laboratories,
modeling, and other tools [55, 56].

Currently, Kazakhstan’s education system encompasses
all levels of learning, from preschool to higher education.
The Ministry of Education and Science of Kazakhstan
regulates the educational process and develops curriculum
standards, aiming to align with international educational

standards. In recent years, there has been a focus on the
development of Science, Technology, Engineering, and
Mathematics (STEM) education to prepare students for
modern challenges and labor market demands. Education
reforms aim to improve the quality of teaching, introduce
modern teaching methodologies, and integrate digital
technologies into the learning process. However, challenges
such as insufficient funding, uneven distribution of
educational resources between urban and rural areas, and the
need to train highly qualified teachers capable of effectively
implementing innovative teaching methods persist. Overall,
Kazakhstan is striving to develop a modern and high-quality
educational system capable of providing students with all the
necessary knowledge and skills for successful careers and
personal development [56].

The obtained data can serve as a foundation for further
development of instructional materials using digital
technologies and adapting the educational program to the
needs of learners. Exploring the potential of digital
technologies for the development of professional competence
in future chemistry teachers has allowed us to determine their
potential and impact on teaching quality.

The research results confirm the effectiveness of digital
technologies in the educational process, particularly in the
realm of chemical education. This highlights the importance
of incorporating digital technologies into upcoming
chemistry teacher training programs to improve the quality of
student education and cultivate their professional skills. As a
result, it is essential to study and comprehend the potential of
digital technologies as vital components in the enhancement
and development of educational programs for future
chemistry teachers. By analyzing the results and data
gathered, effective methods can be identified to enhance
students’ professional competence and utilize digital
technologies in the educational setting.

The development and provision of educational and
methodological support through the wuse of digital
technologies have contributed to enhancing of the
professional competence of future chemistry teachers. The
electronic textbook used in the experimental group had a
positive impact on educational outcomes and the overall
quality of education. The experiment enabled the assessment
of the effectiveness of instructional materials developed with
the use of digital technologies. The experimental group,
which utilized digital technologies, achieved higher results
compared to the control group. This indicates the positive
influence of digital technologies on the development of
professional skills and knowledge among future chemistry
teachers.

The analysis of the research results confirms the
importance of using digital technologies in preparing future
chemistry teachers. Their use contributes to improving the
quality of education and developing students’ professional
competence. Therefore, the article describes the development
and implementation of an electronic textbook using digital
technologies, as well as an experiment to assess its
effectiveness. The results obtained show the positive impact
of digital technologies on the development of the
professional competence of future chemistry teachers.
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VI. CONCLUSION

In conclusion, this research highlights the importance of
integrating digital technologies into the education of future
chemistry teachers. The observations and analysis results
confirm that the use of interactive electronic resources,
virtual laboratories, and other digital tools in the educational
process contributes to the effective development of students’
professional competencies. Digital technologies not only
enhance the learning process but also contribute to improving
the quality of education, adapting to the needs of modern
learners. The importance of aspects such as interactivity,
accessibility, and multifunctionality of digital tools for
creating a more effective educational experience is
emphasized. These research findings provide a foundation
for integrating of digital technologies into educational
programs for future chemistry teachers. They underscore the
relevance and necessity of continuously refining educational
methodologies, and striving to create innovative and
technologically advanced pedagogical practices.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

Aliya Karmanova conducted the research by developing
the training model, research instruments, collecting data, and
writing the paper. Others can be written to provide scientific
input and suggestions for the collection and analysis of data
during and after the survey and also interpret the results. All
authors have approved the final version.

REFERENCES

[1] European Commission, Europe and the Global Information Society.
Recommendations to the European Council: Conference G7 - Report
BANGEMANN, EU Publications Office, 1995.

[2] European Commission. (2012). Commission launches new rethinking

education strategy. [Online]. Available:
https://ec.europa.eu/commission/presscorner/detail/es/IP_12 1233 (in
Spanish)

[31 M. S. Gallagher, “Kakaotalk meets the ministry of education: Mobile
learning in South Korean higher education,” Mobile Learning and
Higher Education, Abingdon: Routledge, 2018, pp. 136-147.

[4] P. Mishra and M. J. Koehler, “Technological pedagogical content
knowledge: A framework for teacher knowledge,” Teachers College
Record, vol. 108, no. 6,  pp. 1017-1054, 2006.
https://doi.org/10.1111/j.1467-9620.2006.00684.x

[5]1 J. O’Flaherty and E. M. Beal, “Core competencies and high leverage
practices of the beginning teacher: A synthesis of the literature,”
Journal of Education for Teaching, vol. 44, no. 4, pp. 461-478, 2018.
doi: 10.1080/02607476.2018.1450826

[6] H. Niemi, A. Nevgi, and F. Aksit, “Active learning promoting student
teachers’ professional competences in Finland and Turkey,” European
Journal of Teacher Education, vol. 39, no. 4, pp. 471-490, 2016. doi:
10.1080/02619768.2016.1212835

[71 I K. R. Hatlevik, “The impact of prospective teachers’ perceived
competence on subsequent perceptions as schoolteachers,” Teachers
and Teaching, vol. 23, no. 7, pp. 810-828, 2017. doi:
10.1080/13540602.2017.1322056

[8] R.Khishfe e al., “Pre-service chemistry teachers’ pedagogical content
knowledge of chemical bonding,” Chemistry Education Research and
Practice, vol. 12, no. 4, pp. 493-505, 2011.

[9] E. Kellner, J. M. Mermet, M. Otto, and H. M. Widmer, “Analytical

chemistry in the European Union: Current status and future

perspectives,” Analytical and Bioanalytical Chemistry, vol. 386, no. 4,

pp. 887-890, 2006.

C. E. Johnson, E. E. Peters-Burton, D. A. Moore-Russo, and J. Y. Park,

“Investigating pre-service chemistry teachers’ Technological

[10]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

1125

Pedagogical Content Knowledge (TPACK),” Chemistry Education
Research and Practice, vol. 16, no. 1, pp. 176-186, 2015.

D. S. Hage, “Importance of analytical chemistry in the development of
pharmaceuticals,” Analytical Chemistry, vol. 74, mno. 14, pp.
319A-323A,2002.

S. R. Trenor, “The importance of analytical chemistry in environmental
monitoring,” Journal of Chemical Education, vol. 87, no. 3, pp.
221-223,2010.

M. Kunter, U. Klusmann, J. Baumert, D. Richter, T. Voss, and A.
Hachfeld, “Professional competence of teachers: Effects on
instructional quality and student development,” Journal of Educational
Psychology, vol. 105, no. 3. pp. 805-820, 2013. doi:10.1037/a0032583
P. A. Ertmer, A. T. Ottenbreit-Leftwich, O. Sadik, E. Sendurur, and P.
Sendurur, “Teacher beliefs and technology integration practices: A
critical relationship,” Computers & Education, vol. 59, no. 2, pp.
423-435,2012.

J. Voogtv, G. Knezek, M. J. Cox, D. Knezek, and A. Brummelhuis,
“Under which conditions does ICT have a positive effect on teaching
and learning? A call to action,” Journal of Computer Assisted Learning,
vol. 31, no. 2, pp. 191-203, 2015.

S. Bennett, K. Maton, and L. Kervin, “The ‘digital natives’ debate: A
critical review of the evidence,” British Journal of Educational
Technology, vol. 39, no. 5, pp. 775-786, 2008.

O. Ivannikova, L. Marushko, Y. Sokotov, A. Tkachenko, and T.
Romanenko, “Enhancing the professional competencies of future
teachers through practice in schools,” Eduweb., vol. 17. pp. 197-212,
2023. doi: 10.46502/issn.1856-7576/2023.17.04.18

Z. Shagataeva, Y. Sarbassov, E. Seminar, M. Sydykbekova, and A.
Kydyrbaeva, “The general technological competency model for
vocational teachers in Kazakhstan,” World Journal on Educational
Technology, vol. 13, pp- 574-588, 2021. doi:
10.18844/wjet.v13i3.5938

E. S. Salimzyanova, Z. K. Issayeva, M. A. Bragina, and Z. A. Usina,
“Development of digital literacy and competence of future sports
teachers in the physical and educational environment,” Journal of
Human Sport and Exercise, vol. 16, pp. 1181-1187, 2021.
https://doi.org/10.14198/jhse.2021.16.Proc3.34

S. I. Ergashovich, “Improvement of the task aimed at the development
of mathematical and natural science literacy of future chemistry
teachers on the basis of ix adaptation to the educational process.
Innovation,” The journal of Social Sciences and Researches, vol. 1, no.
5, pp- 31-39, 2023. doi: 10.5281/zenodo.7552673

A. Trenova, A. Seitzhanov, B. Kosobaeva, and B. Imangaliyeva,
“Ecologization of the course of organic chemistry, forming ecological
knowledge and education,” Higher Education for the Future, vol. 10,
no. 2, pp. 209-221, 2023.
https://doi.org/10.1177/23476311231174496
U. Abdigapbarova and N. Zhiyenbayeva, “Organization of
student-centered learning within the professional training of a future
teacher in a digital environment,” Education and Information
Technologies,  vol. 28, no. 1, pp. 647-661, 2023.
https://doi.org/10.1007/s10639-022-11159-5

M. House, “Preparing teachers for digital age learners,” The
International Journal of Information and Learning Technology, vol. 33,
no. 2, pp. 74-85, 2016.

Z. Mohamed, M. Valcke, and B. Wever, “Are they ready to teach?
Student teachers’ readiness for the job with reference to teacher
competence frameworks,” Journal of Education for Teaching, vol. 43,
no. 2, pp. 151-170, 2017. doi: 10.1080/02607476.2016.1257509

N. Panti¢ and T. Wubbels, “Teacher competencies as a basis for teacher
education: Views of Serbian teachers and teacher educators,” Teaching
and Teacher Education, vol. 26, no. 3, pp. 694-703, 2010. doi:
10.1016/j.tate.2009.10.005

K. Struyven and M. Meyst, “Competence-based teacher education:
Tllusion or reality? An assessment of the implementation status in
flanders from teachers’ and students’ point of view,” Teaching and
Teacher Education, vol. 26, no. 8, pp.1495-1510, 2010. doi:
10.1016/j.tate.2010.05.006

J. Voogt, G. Knezek, M. J. Cox, D. Knezek, and A. Brummelhuis,
“Under which conditions does ICT have a positive effect on teaching
and learning? A call to action,” Journal of Computer Assisted Learning,
vol. 31, no. 2, pp. 191-203, 2015.

S. Bennett, K. Maton, and L. Kervin, “The ‘digital natives’ debate: A
critical review of the evidence,” British Journal of Educational
Technology, vol. 39, no. 5, pp. 775-786, 2008.

O. Ivannikova, L. Marushko, Y. Sokotov, A. Tkachenko, and T.
Romanenko, “Enhancing the professional competencies of future



(33

[t}

[34]

[35]

[36]

[37

—

[38

[}

[39

[}

[40]

[42]

[43]

[44]

International Journal of Information and Education Technology, Vol. 14, No. 8, 2024

teachers through practice in schools,” Eduweb., vol. 17, pp. 197-212,
2023. doi: 10.46502/issn.1856-7576/2023.17.04.18

R. J. Krumsvik, “Situated learning and teachers’ digital competence,”
Education and Information Technologies, vol. 13, no. 4, pp. 279-290,
2008. doi: 10.1007/s10639-008-9069-5

R. J. Krumsvik, “Teacher educators’ digital competence,”
Scandinavian Journal of Educational Research, vol. 58, no. 3, pp.
269-280, 2014.

R. H. Kay, “Evaluating strategies used to incorporate technology into
pre-service education: A review of the literature,” Journal of Research
on Technology in Education and Information Technologies, vol. 38, no.
4, pp. 383-408, 2006.

A. Ferrari, Digital Competence in Practice: An analysis of Frameworks,
Luxembourg: Publications Office of the European Union, 2012. doi:
10.2791/82116

R. J. Krumsvik, “Situated Learning in the network society and the
digitized school,” European Journal of Teacher Education, vol. 32, no.
2, pp. 167-185, 2009. doi: 10.1080/02619760802457224

R. J. Krumsvik, L. @. Jones, M. . Fstegaard, and O. J. Eikeland,
“Upper secondary school teachers’ digital competence: Analysed by
demographic, personal and professional characteristics,” Nordic
Journal of Digital Literacy, vol. 11, no. 3, pp. 143-164, 2016.

E. Mutekwe, “The impact of technology on social change: A
sociological analysis,” International Journal of Peace, Gender,
Development Studies, vol. 2, pp. 226-238, 2011.

European Commission’s Directorate-General for Education, Youth,
Sport and Culture, Digital Competence Framework for Educators:
DigCompEdu, Seville, Spain: Joint Research Centre, 2017.

United Nations Educational, Scientific and Cultural Organisation
(UNESCO), ICT Competency Standards for Teachers (Version 2),
2011.

International Society for Technology in Education. (2017). ISTE
standards for educators. [Online]. Available:
https://www.iste.org/standards/for-educators

A. Lund, A. Furberg, J. Bakken, and K. Engelien, “What does
professional digital competence mean in teacher education?” Nordic
Journal of Digital Literacy, vol. 9, no. 4, pp. 281-299, 2014.

E. J. Instefjord and E. Munthe, “Educating digitally competent teachers:
A study of integration of professional digital competence in teacher
education,” Teaching and Teacher Education, vol. 67, pp. 37-45, 2017.
https://doi.org/10.1016/j.tate.2017.05.016

F. Rohman and N. Sajo, “Digital competence of English language
teachers: Exploring Indonesian context,” Teaching English with
Technology, vol. 20, no. 2, pp. 19-36, 2020.

L. K. Compton and T. S. Foulger, “Investigating preservice teachers’
digital competencies and learning ecologies: A mixed methods study,”
Journal of Technology and Teacher Education, vol. 27, no. 3, pp.
295-324,2019.

C. L. Miller and D. L. Hanson, “The impact of digital literacy
instruction on preservice teacher attitudes toward technology
integration,” Journal of Educational Computing Research, vol. 56, no.
7, pp. 1049-1067, 2018.

[45]

[46]

[49]

[50]

[51]

[54]

[55]

M. Herbert and D. Stipek, “The emergence of digital competency,”
Harvard Educational Review, vol. 87, no. 3, pp. 309-313, 2017.

D. Cheung, “The combined effects of classroom teaching and learning
strategy use on students’ chemistry self-efficacy,” Research in Science
Education, vol. 45, pp. 101-116, 2015.

M. Kucuk, “A qualitative study to explain middle school student’s
understandings of nature of science,” Journal of Turkish Science
Education, vol. 12, pp. 3-20, 2015. doi: 10.12973/tused.10143a

C. E. Johnson, J. L. Keating, D. J. Boud, M. Dalton, D. Kiegaldie, M.
Hay, E. K. Molloy et al., “Identifying educator behaviours for high
quality verbal feedback in health professions education: literature
review and expert refinement,” BMC Medical Education, vol. 16, pp.
1-11, 2016.

J. Cantabrana, M. Usart, and M. Gisbert, “Assessing teacher digital
competence: The construction of an instrument for measuring the
knowledge of pre-service teachers,” Journal of New Approaches in
Educational ~ Research, vol. 8, pp. 73-78, 2019. doi:
10.7821/naer.2019.1.370

L. S. Willner, C. Rivera, and B. Acosta, Examination of Peer Review
and Title 1 Monitoring Feedback Regarding the Inclusion and
Accommodation of English Language Learners in State Content
Assessments, Arlington, VA: The George Washington University
Center for Equity and Excellence in Education, 2010.

E. Instefjord and E. Munthe, “Educating digitally competent teachers:
A study of integration of professional digital competence in teacher
education,” Teaching and Teacher Education, vol. 67, pp. 37-45, 2017.
doi: 10.1016/j.tate.2017.05.016

Common Digital Competence Framework for Teachers. (2017).
[Online]. Available: https://intef.es/Noticias/common-digital-
competence-framework-for-teachers/

S. Desnenko, T. Pakhomova, S. Starostina, and J. Tokareva,
“Gamification in the formation of digital skills of future teachers,” in
Proc. the X1V International Scientific and Practical Conference on
State and Prospects for the Development of Agribusiness, 12118,2021.
doi: 10.1051/e3sconf/202127312118

B. Wiggins, “An overview and study on the use of games, simulations,
and gamification in higher education,” International Journal of
Game-Based  Learning, vol. 6, pp. 18-29, 2016. doi:
10.4018/1IJGBL.2016010102

M. Miller and V. Hegelheimer, “The SIMs meet ESL Incorporating
authentic computer simulation games into the language classroom,”
Interact. Techn. Smart Edu., vol. 3, pp. 311-328, 2006. doi:
10.1108/17415650680000070

A. Bingham, J. Pane, E. Steiner, and L. Hamilton, “Ahead of the curve:
Implementation challenges in personalized learning school models,”
Educational Policy, vol. 32,2016. doi: 10.1177/0895904816637688

Copyright © 2024 by the authors. This is an open access article distributed
under the Creative Commons Attribution License which permits unrestricted
use, distribution, and reproduction in any medium, provided the original
work is properly cited (CC BY 4.0).

1126



	IJIET-V14N8-2140-IJIET-12512



