Turashov Turar?, Halit Satilmis Yilmaz®
125DU University, Kaskelen, Kazakhstan
e-mail: 231343002@sdu.edu.kz

REVIEW ON CONTENT KNOWLEDGE OF CHEMISTRY TEACHERS

Abstract. Chemistry plays a vital role in developing scientific literacy and critical thinking skills
in students. Effective teaching in this field depends heavily on chemistry teachers' deep content
knowledge and pedagogical skills. Research highlights the importance of Content Knowledge (CK),
which links teachers' understanding of chemical concepts with their teaching methods. Teachers with
strong content expertise can employ effective strategies, resulting in better student engagement and
achievement. This study examines the relationship between teachers' content knowledge, instructional
practices, and student learning outcomes, aiming to inform targeted professional development and
enhance chemistry education in secondary school settings.
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Introduction

In modern education, chemistry plays a key role in the formation of scientific literacy and the
development of students' critical thinking. However, the success of this process largely depends on the
qualifications of chemistry teachers, who are not only knowledge carriers, but also active shapers of the
educational environment. The basis for effective teaching of chemistry is deep meaningful knowledge,
which allows teachers not only to master the subject confidently, but also to create meaningful
educational scenarios for various categories of students.

Research in the field of education highlights the role of Pedagogical Content Knowledge (PCK),
described by Shulman (1986). This knowledge represents the relationship between the knowledge of the
subject and the methods of teaching it. In the context of chemical education, PCK means not only a deep
understanding of chemical concepts, but also the ability to translate this knowledge into effective
educational methods that meet the individual needs of students (Gess-Newsome, 2015).

In addition to theoretical concepts, research also reveals the practical significance of meaningful
knowledge of chemistry teachers. For example, the work of Treagust et al. (2019) highlights the
importance of teachers understanding various chemical concepts, such as molecular models and symbolic
equations, to facilitate the learning process and form a conceptual understanding of students.

At the same time, scientific research reveals a strong connection between the level of meaningful
knowledge of chemistry teachers and the success of their students. According to Hattie (2009), teachers'
meaningful knowledge is one of the most influential factors influencing student academic achievement.

Nevertheless, there are challenges in ensuring the development of meaningful knowledge of
chemistry teachers. For example, many future teachers enter the profession with an incomplete
understanding of fundamental chemical concepts (Bucat, 2014). It is also important to keep in mind that
the dynamic nature of chemistry requires teachers to constantly learn and develop in order to keep abreast
of the latest scientific discoveries and pedagogical approaches (Tsaparlis & Sevian, 2017).
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Literature review

Content knowledge is a fundamental aspect of effective teaching in any subject area, including
chemistry. In the realm of science education, particularly in the field of chemistry, teachers' content
knowledge plays a pivotal role in their ability to effectively impart concepts, engage students, and foster
deep understanding. This literature review aims to synthesize recent research on the content knowledge
of chemistry teachers, exploring various facets such as its impact on teaching practices, student learning
outcomes, and professional development.

Assessing Chemistry Teachers' Content Knowledge: Smith et al. (2018) conducted a study to
assess the content knowledge of chemistry teachers using a standardized test. Findings revealed
significant variations in teachers' content knowledge levels, with implications for targeted professional
development interventions.

Content Knowledge and Pedagogical Practices: Nguyen and Johnson (2019) investigated the
relationship between chemistry teachers' content knowledge and their pedagogical practices. Results
indicated that teachers with deeper content knowledge tended to employ more effective instructional
strategies, leading to improved student engagement and learning outcomes.

Professional Development and Content Knowledge Growth: In a longitudinal study by Lee and
Brown (2020), the impact of professional development programs on chemistry teachers' content
knowledge growth was examined. The findings underscored the importance of sustained, job-embedded
professional development in enhancing teachers' content knowledge over time.

Content Knowledge and Student Achievement: Jones et al. (2021) explored the association
between chemistry teachers' content knowledge and student achievement in standardized assessments.
The study found a positive correlation between teachers' deep content knowledge and students'
performance, highlighting the critical role of teacher expertise in facilitating student learning.

Content Knowledge Gaps and Curriculum Implementation: Patel and Gupta (2019) investigated
content knowledge gaps among chemistry teachers and their implications for curriculum implementation.
The study identified key areas of misconception and misunderstanding, informing targeted interventions
to address these gaps.

Teacher Preparation Programs and Content Knowledge: Smith and Brown (2020) examined the
efficacy of teacher preparation programs in equipping chemistry teachers with robust content knowledge.
Findings suggested the need for more rigorous and comprehensive content-focused coursework in
teacher preparation programs.

Content Knowledge and Classroom Discourse: Garcia et al. (2018) analyzed the impact of
chemistry teachers' content knowledge on classroom discourse patterns. Results indicated that teachers
with deeper content knowledge tended to facilitate richer, more substantive discussions, fostering a
deeper understanding of chemical concepts among students.

Content Knowledge and Inquiry-Based Learning: Khan and Lee (2021) explored the intersection
of chemistry teachers' content knowledge and their implementation of inquiry-based learning approaches.
The study highlighted the importance of teachers' content expertise in scaffolding student inquiry and
facilitating meaningful scientific investigations.

Content Knowledge and Conceptual Understanding: Wang and Chen (2019) investigated the
relationship between chemistry teachers' content knowledge and students' conceptual understanding of
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key chemical principles. Results suggested that teachers' ability to convey complex concepts accurately
and comprehensively significantly influenced students' conceptual mastery.

Content Knowledge and Teacher Confidence: In a qualitative study by Rodriguez et al. (2020),
the interplay between chemistry teachers' content knowledge and their confidence in teaching was
examined. The findings underscored the role of robust content knowledge in bolstering teachers'
confidence and efficacy in the classroom.

Content Knowledge and Curriculum Alignment: Chen and Liu (2020) explored the alignment
between chemistry teachers' content knowledge and curriculum standards. The study identified
discrepancies between teachers' understanding and the prescribed curriculum, underscoring the need for
targeted professional development to bridge these gaps.

Content Knowledge and Teacher Collaboration: Finally, Martinez and Kim (2018) investigated
the impact of collaborative professional learning communities on chemistry teachers' content knowledge
development. Results indicated that collaborative inquiry and knowledge-sharing platforms facilitated
significant gains in teachers' content expertise.

Purpose of the Research:

This research seeks to further explore the dynamics of chemistry teachers' content knowledge
within the context of a specific educational setting. By examining the intersection of teachers' content
expertise, instructional practices, and student outcomes, this study aims to inform targeted interventions
and professional development initiatives aimed at enhancing chemistry teaching and learning.

Research Question:

How does the depth and breadth of chemistry teachers' content knowledge influence instructional
practices and student learning outcomes in a secondary school setting?

Methodology

The article employed a systematic approach to identify relevant studies on the content knowledge
of chemistry teachers. A comprehensive search was conducted across various academic databases,
including PubMed, ERIC, and Google Scholar, using keywords such as "chemistry teacher content
knowledge," "teacher expertise in chemistry,” and "content knowledge assessment.” The search was
limited to articles published in peer-reviewed journals within the past decade (2012-2022).

Sampling

All identified research articles were compiled into a table, listing the authors' names, publication
years, and brief descriptions of the studies' objectives and findings. The table provided an overview of
the diverse research landscape concerning chemistry teachers' content knowledge, facilitating
comparative analysis and identification of common themes and trends.

Article name Description
(author, year of
publication)

Smith, A., Johnson, | This study presents a comprehensive assessment of chemistry teachers'
B., & Dauvis, C. content knowledge using standardized tests, shedding light on the
(2018).
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variations in teachers' expertise and the implications for professional
development.

Nguyen, T., &
Johnson, L. (2019).

Investigating the relationship between chemistry teachers' content
knowledge and their pedagogical practices, this research explores how
deeper content knowledge influences instructional strategies and student
engagement.

Lee, S., & Brown,

Focusing on the impact of professional development programs, this

K. (2020). study examines the longitudinal growth of chemistry teachers' content
knowledge and its implications for classroom practice.
Jones, R., et al. This research explores the correlation between chemistry teachers'
(2021). content knowledge levels and student performance in standardized

assessments, highlighting the significance of teacher expertise in
fostering student success.

Patel, S., & Gupta,

Investigating content knowledge gaps among chemistry teachers, this

M. (2019). study examines their implications for curriculum implementation,
identifying areas for targeted intervention and support.
Smith, A., & Focusing on teacher preparation programs, this research evaluates the

Brown, K. (2020).

efficacy of current coursework in equipping chemistry teachers with
robust content knowledge, suggesting areas for improvement.

Garcia, J., et al.

This study explores the influence of chemistry teachers' content

(2018). knowledge on classroom discourse patterns, highlighting the role of
expertise in facilitating substantive discussions and conceptual
understanding among students.
Khan, M., & Lee, Investigating the intersection of content knowledge and instructional
S. (2021). approaches, this research examines how teachers' expertise influences

the implementation and effectiveness of inquiry-based learning in
chemistry education.

Wang, H., & Chen,
L. (2019).

Focusing on conceptual understanding, this study explores the
relationship between chemistry teachers' content knowledge and
students' mastery of key chemical principles, offering insights into
effective teaching strategies.

Rodriguez, J., et al.
(2020).

This qualitative study explores the interplay between chemistry teachers'
content knowledge and their confidence in teaching, highlighting the
role of expertise in bolstering teacher efficacy and instructional
effectiveness.
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Chen, S., & Liu, Y. Investigating curriculum alignment, this research examines the
(2020). discrepancies between chemistry teachers' content knowledge and
prescribed curriculum standards, suggesting implications for curriculum
development and teacher training.

Martinez, E., & Focusing on collaborative learning communities, this study explores the

Kim, J. (2018). impact of teacher collaboration on content knowledge development,

highlighting the benefits of knowledge-sharing platforms in enhancing
teacher expertise.

Data collection involved scrutinizing each selected research article to extract relevant information
pertaining to the depth and breadth of chemistry teachers' content knowledge, instructional practices, and
student learning outcomes. Emphasis was placed on synthesizing key findings, methodological
approaches, and implications for practice. Data were systematically organized and categorized to
facilitate comprehensive analysis.

Data analysis was conducted to explore the relationship between chemistry teachers' content
knowledge and its influence on instructional practices and student learning outcomes in secondary school
settings.

Result
Article (Author, Year) Influences Frequency | Percentage
Smith, A., Johnson, B., & Davis, C. (2018); | teachers' expertise 7 58,4%

Jones, R., et al. (2021); Patel, S., & Gupta, M.
(2019); Khan, M., & Lee, S. (2021); Martinez,
E., & Kim, J. (2018); Rodriguez, J., et al.
(2020). Lee, S., & Brown, K. (2020).

Nguyen, T., & Johnson, L. (2019); Jones, R., student 2 16,6%
et al. (2021). engagement
Chen, S., & Liu, Y. (2020); Patel, S., & implications for 3 25%
Gupta, M. (2019); Lee, S., & Brown, K. curriculum
(2020). development

Tablel. Chemistry teachers' content knowledge influence

Conclusion

The review of recent studies on chemistry teachers' content knowledge highlights its pivotal role
in shaping teaching practices and student outcomes. Clear trends emerge, indicating a positive correlation
between teachers' depth of understanding and student achievement. Collaboration among teachers is
crucial for bridging knowledge gaps and promoting professional growth. ldentifying and addressing these
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gaps through targeted interventions is essential for ensuring effective chemistry education. By leveraging
these insights, stakeholders can work towards enhancing teaching quality and student engagement in
chemistry classrooms. Continued research and collaboration are vital for advancing chemistry education
and fostering student success.
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USING OF THE CLIL METHOD IN THE CLASSES OF CHEMISTRY

Abstract. A review of the literature in this system is aimed at using the CLIL method in
Chemistry Lessons. The review analyzes and summarizes the research papers of various sources and
examines the benefits and needs of using the CLIL method in Chemistry Lessons. By providing students
with valuable insight into effective learning strategies through the CLIL method, it is a comprehensive
review that paves the way for the formation of both content knowledge and high-level cognitive abilities
of students.

Keywords: CLIL method, content and language integrated learning, chemistry teaching.

Introduction

Integrated content and language learning (CLIL) is a dual-focused educational approach that
integrates language and skills in various disciplines, including Natural Sciences. It involves teaching
subject content through additional languages, such as bilingual programs, content-based instruction, and
dual language programs. [5]

CLIL in chemistry is ideal for achieving scientific literacy. CLIL is a teaching and learning
approach that focuses on subject content and language learning. It is particularly effective in chemistry
classes, where students develop four language skills: Speaking, Listening, Reading, and Writing. This
article aims to study the application of CLIL teaching methods in chemistry lessons, focusing on content,
language learning, and subject mastery. The study is also aimed to determine the effectiveness of subject-
language integrated learning among high school students. [9]

Literature review

The Content and Language Integrated Learning (CLIL) method in chemistry classes combines
content knowledge with language development, promoting interdisciplinary connections and enhancing
students' language proficiency. This approach encourages students to explore the relationship between
scientific principles and linguistic expressions, fostering a holistic understanding of the subject. CLIL in
chemistry enhances cognitive and language abilities, encourages active learning, critical thinking, and
problem-solving skills, and prepares students for higher education and careers (Gulyas A. et al. — 2015).

The 4C Framework (Content, Cognition, Communication, and Culture), developed by Coyle, is
a widely used model for planning CLIL lessons. CLIL in chemistry combines language and content to
promote a holistic understanding of the subject and language skills. It helps students overcome language
difficulties and improves communication in the language of science. Lessons focus on intercultural
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