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Abstract: Conceptual teaching in science education and its implications for pedagogical research have been
extensively studied. Likewise, lesson study (LS) has been recognized as a powerful tool for continuous profes-
sional development and effective teaching practices. Despite the recognized importance of LS and the affordances
of topic-specific PCK (TSPCK) in developing conceptual teaching, the connection between these two approaches in
fostering conceptual teaching, remains under-explored within science education. This study aims to explore the
development of a conceptual teaching from the dynamic interplay of TSPCK components for teaching a section of
organic reactions through a TSPCK-based LS. A qualitative research approach was followed with four teachers
from Umkhanyakude district in KwaZulu-Natal. These teachers participated in a TSPCK-based LS to develop
a conceptual teaching strategy using Content Representation (CoRe). The findings revealed that teachers
progressed from a basic to a developing level of conceptual teaching expertise through LS, as measured by TSPCK
component interaction. While the findings are not generalizable, they offer valuable insights into teacher
development, highlighting LS as an effective approach for enhancing conceptual teaching in science. This study
concludes by recommending large-scale research exploring the role of reflection and feedback during LS in
developing conceptual teaching within TSPCK interventions.
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1 Introduction

Conceptual teaching and understanding have been central to several educational research studies.1–3 In most
studies, these concepts have been closely intertwined. Holme et al.4 defined conceptual understanding in
chemistry as more than just memorizing steps or applying algorithms to solve problems. Instead, it emphasizes a
deep grasp of the underlying physical and chemical phenomena that govern changes and properties of matter.
Consequently, this deeper understanding allows students to predict or explain observations based on well-tested
hypotheses about how chemical systems behave.4 To develop such a deeper understanding of science, particu-
larly in chemistry, conceptual teaching is crucial in emphasizing the teaching of core concepts within the
discipline. Conversely, Baron and Holman1 defined conceptual teaching as the use of key concepts to facilitate
deep student understanding and improve the retrieval of factual information. Research in science education has
examined various aspects of conceptual teaching and conceptual knowledge, revealing a disconnect between
effective approaches and everyday instruction. For example, Duit et al.5 focused on how various theoretical
perspectives influence researchers’ views on science teaching and learning, particularly regarding conceptual
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change. Duit et al.5 identified a significant gap between existing knowledge about effective science teaching and
the reality of classroom instruction. This gap highlights the need for teachers to adopt instructional approaches,
such as conceptual teaching, that prioritize the development of deep understanding andmeaningful connections
between scientific concepts. Recent studies have emphasized that a strong grasp of topic-specific pedagogical
content knowledge (TSPCK) is crucial for effective science teaching that fosters conceptual understanding.6,7 This
can be achieved by leveraging suitable representations, analogies, and illustrations that teachers use to address
students’misconceptions and areas of difficulty in learning.8 Within pre-service teacher education, TSPCK-based
interventions have been implemented to enhance prospective teachers’ conceptual knowledge for teaching
challenging topics such as chemical equilibrium, stoichiometry, and the particle nature ofmatter.7,9,10While these
studies have reported successful improvements in the overall quality of TSPCK, they have also reported diffi-
culties in significantly enhancing the quality of conceptual teaching strategies as one of the TSPCK components.
We argue that conceptual teaching strategies can foster conceptual understanding in science classrooms.
Recently, a study by Mapulanga et al.11 provided evidence of using a lesson study to improve secondary school
biology teachers’ TSPCK. However, given the idiosyncratic nature and topic-specificity, there is a need for further
empirical research exploring the role of lesson studies in the development of conceptual teaching strategies.
Building upon the established significance of the TSPCK framework in fostering the development of conceptual
teaching strategies, this study aims to explore the development of a conceptual teaching from the dynamic
interplay of TSPCK components for teaching a section of organic reactions through a TSPCK-based lesson study.
Therefore, the research question guiding this study is:

To what extent does a TSPCK-based Lesson Study enhance the quality of the development of a conceptual teaching strategy in
teaching a section of organic reactions?

2 Lesson study as means for teacher professional development

Lesson Study (LS), originating from Japanese mathematics education (Fernandez and Yoshida),12 involves
collaborative planning, observation, and analysis of research lessons.13 Research has demonstrated its adapt-
ability across diverse contexts, fostering continuous collaboration among educators.14 Borko15 highlights that LS
fosters supportive professional communities and enhances teacher efficacy. Collaborative practices within LS
positively impact instructional practices, increasing teacher confidence and encouraging experimentation and
refining of effective pedagogical practices.16 This is crucial for our exploration of LS’s potential to enhance
conceptual science teaching. LS promotes innovative teaching strategies that cater to diverse learning styles.
According to Dudley,17 feedback received during LS sessions enables teachers to refine their practices, shifting
from teacher-centred to more student-active approaches, critical for fostering conceptual understanding.

There are several challenges associated with LS implementation. First, a limited time for professional
development and research lesson planning.18 Second, the pressure to demonstrate short-term student
outcomes.19 Third, the limited access to research skills,materials, and resources20 and the fear of judgment during
observations18 are among the challenges of LS implementation in teacher development.

3 Conceptual teaching and understanding in science

Effective science instruction hinges on cultivating deep conceptual understanding. While it is generally agreed
that this involves grasping observable properties, processes, and utilizing models and symbols in a structured
manner,21 there is a notable lack of consensus on what constitutes conceptual understanding and teaching.4

This gap underscores the need for a clear definition to guide effective instruction. Achieving conceptual
understanding is particularly crucial in chemistry; however, numerous challenges persist. Traditional teaching
often overemphasizes algorithmic problem-solving approaches, which hinders the development of deeper
conceptual understanding.4 To overcome these challenges, research highlights several effective pedagogical
strategies. For example, identifying and addressing students’ preconceptions is fundamental to building upon
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existing knowledge.5,22 Additionally, continuous evaluation of student understanding is essential for timely
intervention.23 Lastly, connecting concepts to real-world contexts, inquiry-based learning, and active learning
strategies – such as experiments, discussions, and reflection – contribute to deeper learning.5,23 Conceptual
teaching in science involves fostering deep understanding and meaningful connections between scientific con-
cepts. This understanding has been guided by two main theoretical approaches in science education: Posner’s
conceptual changemodel and the TSPCKmodel. Posner’s model primarily focuses on the cognitive shifts students
undergo when confronted with information that contradicts their existing beliefs.24 It outlines the conditions
necessary for conceptual change, emphasizing the importance of dissatisfaction with current conceptions,
intelligibility of alternative explanations, and applicability of new ideas.25 In contrast, the TSPCKmodel centres on
the teacher’s knowledge and skills essential for effective science instruction. It highlights the need for teachers to
possess a deep understanding of subject matter, pedagogical strategies, and the ability to connect these elements
to students’ prior knowledge.11 While Posner’s model offers a cognitive perspective on learning, TSPCK provides
a pedagogical lens for conceptual teaching and learning. Both are regarded as valuable for understanding
conceptual teaching, with the former aiding in identifying student misconceptions and the latter guiding
instructional design and evaluation.

The significance of TSPCK in science education, particularly chemistry, lies in its ability to bridge the gap
between teachers’ content knowledge and their capacity to transform that knowledge for learner comprehen-
sion.9,26 Research indicates that teacherswith strong TSPCK are better equipped to anticipate and address student
misconceptions,27 select appropriate instructional strategies,7 and foster meaningful learning experiences.6

Furthermore, TSPCK facilitates the development of inquiry-based teaching practices,28 hence it positively
impacting student engagement and achievement in chemistry. Ultimately, the integration of TSPCK into chem-
istry pedagogy facilitates the creation of dynamic learning environments that cater to diverse student needs and
enhance overall educational outcomes.

4 Theoretical assumptions

This study used the TSPCK theoretical construct, which describes teachers’ competence to transform their subject
matter knowledge into forms of knowledge suitable for teaching. The understanding of how the transformation of
content knowledge comes about was initially presented by Mavhunga and Rollnick9 who introduced TSPCK as a
specialized form of PCK within the topic. They argued that the transformation of content knowledge emerges
from the considerations offive different types of knowledgewhich are content-specific. These are (i) learner prior
knowledge, (ii) curricular saliency, (iii) what is difficult to teach, (iv) representations, and (v) conceptual teaching
strategies. According to Mavhunga and Rollnick;9 learners’ prior knowledge encompasses an understanding
of pre-existing knowledge and misconceptions held by the student related to the topic. Secondly, curriculum
saliency entails the awareness of how the specific topic fits within the broader curriculum and assessment
requirements. Thirdly, identifying and understanding the inherent challenges and complexities of the topic
for students is linked to what is difficult to teach. Fourthly, the knowledge of various visual representations,
illustration and analogies to make abstract concepts accessible to learners. Lastly, the knowledge of conceptual
teaching strategies which entails instructional methods that foster deep understanding rather than superficial
memorization of facts. Figure 1 below depicts the TSPCK model.

While initially presented as separate elements, subsequent research, particularly Mapulanga et al.;11

Mavhunga27 highlights the dynamic interplay among the other four components in shaping conceptual teaching
strategies. This is in contrast to the narrower approach taken by Mazibe et al.8 which places the knowledge of
representations as crucial for conceptual teaching strategies. We argue that the emerging quality of conceptual
teaching strategies from the TSPCK component interaction is one way of mapping conceptual teaching in science.

Secondly this study leverages on Community of Practice (CoP) theory byWenger.29 A CoP goes beyond a social
group; it centres around a shared interest or practice, with members committed to developing specific expertise.
Within such a CoP, the LS approach offers a structured framework for collaboration, reflection, and continuous
improvement of teaching practices.30 LS offers a powerful approach to professional development, fostering
collaboration and knowledge sharing among educators. Through this process in action, they share expertise and
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improve their teaching practices.13 Figure 2 pictorially shows our conceptualisation of the LS impacts on TSPCK
which ultimately foster conceptual teaching.

5 Methodology

Following the interpretivism paradigm, this study employed a qualitative research approach31 to investigate the
impact of a TSPCK-based lesson study on the enhancement of a conceptual teaching strategy developed in organic
chemistry. Participants (N = 4) were recruited from Umkhanyakude district in KwaZulu-Natal following a
convenient but purposive sampling strategy. The selected participants were Grade 12 Physical Sciences teachers

Figure 1: A model of TSPCK (Mavhunga & Rollnick,9 p. 115).

Figure 2: A model representing our conceptual framework.
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who were experience in teaching organic chemistry. Table 1 summarises the characteristics of the selected
participants in terms of their gender, age group, levels of qualifications and teaching experience.

To generate data, Content Representations (CoRes), which were originally developed by Loughran et al.32 as
part of a strategy for exploring and gaining insights into the PCK of expert science teachers were used. CoRes are
conceptual tools designed to help teachers make explicit their knowledge of content and pedagogy. They are
typically represented in table format, with Big Ideas listed horizontally and pedagogical questions (related to
curriculum and instructional decisions) listed vertically.

CoRe construction has been utilized as a scaffold to enhance teachers’ PCK by helping them connect content,
student thinking patterns, conceptual difficulties, and pedagogy.33 Studies suggest that novice teachers possess
naïve PCK, highlighting the need for development through practice and reflection.34,35 Even experienced teachers
may struggle to design instruction that addresses student misconceptions.36 Engaging teachers in CoRe con-
struction, such as the study by Hume and Berry33 with pre-service chemistry teachers, allows them to explore
student misconceptions and align curriculum goals with their instructional strategies and hence, fostering
conceptual teaching.

6 Explaining the TSPCK-based lesson study intervention

Generally, there are four stages in a lesson study cycle.20 Thefirst step involves planning a research lesson focused
on a specific learning objective. The second step is observing one or more teachers deliver the lesson. The third
step encompasses post-lesson reflections, and lastly, lesson improvements. The cycle continues to enhance the
quality of the lesson plan. To establish the tone and familiarize the participants, an initial phase was included to
diagnose the problem. During this phase, the participants discussed the diagnostic reports from the Grade 12
examination to identify common errors, misconceptions, and learning difficulties reported from 2021 to 2023.
After this analysis, one of the researchers introduced the TSPCK construct and discussed the advantages of CoRe-
based planning. Subsequently, the participants developed the first lesson plan for conceptual teaching, explicitly
focusing on the TSPCK components while responding to the CoRe prompts. Three big ideas were identified based
on the knowledge of organic reactions. However, for the purpose of this study, one major idea is presented: “an
ester is a product of a catalysed condensation reaction between an alcohol and a carboxylic acid.” After the first
CoRewas completed, one teacher (Thabo) presented the lesson,whichwas video recorded for reflection purposes.
After the first lesson, the group convened to discuss the lesson and made improvements for the second CoRe.
These improvements enhanced the conceptual teaching strategy developed in this study. The second lesson was
presented, and final reflections were made to refine the final conceptual teaching strategy. This process
also provided further insights into the value of the lesson study for conceptual teaching strategies. Figure 3
summarizes how the process unfolded.

7 Data analysis and findings

Data was analyzed using a performance rubric adapted from Mavhunga and Rollnick9 to assess the quality of
planned TSPCK, ranging from limited to exemplary (see Appendix A).While the primary focus of this analysis was

Table : Biographic data of the Participants.

Pseudonyms Gender Age Qualifications Teaching experience

Peter Male > BSc Chem, PGCE  years
Mary Female – B Ed Hons  years
Jane Female > SPTD, ACE  years
Thabo Male > FDE (Math & science)  years
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not on the overall quality of TSPCK, the rubric proved valuable in mapping the enhancements in the quality of
the conceptual teaching strategy, specifically in relation to the TSPCK knowledge components outlined in our
conceptual framework.

To achieve this, a qualitative deductive analysis was employed. The research question centered on the
development of a conceptual teaching strategy for the big idea: “an ester is a product of a catalyzed condensation
reaction between an alcohol and a carboxylic acid.” To track these improvements, each component of TSPCKwas
analyzed across the two lesson study cycles, drawing on the developed CoRes to highlight the progression. Table 2
presents the specific developments in each TSPCK component that contributed to the overall enhancement of the
conceptual teaching strategy.

Firstly, regarding learner prior knowledge there was one item in the CoRe where teachers had
to demonstrate their knowledge. In the first CoRe, they were able to identify one misconception about
artificial flavours (from esters) against real fruit flavours. After the reflections, teachers added another
misconception about vinegar not being considered a carboxylic acid. Further, the participants explicitly
included the chemical formula of vinegar and indicated its common household colours (symbolic and
macroscopic representation) to highlight this misconception. While this did not exemplify exemplary
knowledge of learner prior knowledge, it marked a shift from basic to developing quality. Additionally,
they highlighted the difficulty in teaching carboxylic in terms of their chemical behaviour from Bronsted
theory and Lewis’s theory. The participants unpacked the misconception by drawing on macroscopic
and symbolic representations and the consideration of what is difficult to teach. See Table 3 for this
development.

Figure 3: Stages in the lesson study process.

Table : Improvements in the other TSPCK components between the lesson study cycles.

Knowledge components First CoRe Second CoRe

Learner prior knowledge Basic Developing
Curricular saliency Limited Basic
What is difficult to teach Limited Developing
Representations Basic Exemplary
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Considering the second component related to curricular saliency, the CoRe has three items that probes the
quality of teachers’ knowledge. On the construction of the first CoRe, participants showed a limited knowledge of
curricular saliency. While they were able to identify relevant big ideas, not enough concepts were initially
identified. Additionally, they could link curricular saliency with other components of TSPCK. However, while
developing the second CoRe, they expanded the identified concepts, including reaction conditions and Brønsted
and Lewis theories, and illustrated themwith examples. In addition, they used some representations (symbolic) to
magnify these examples. This signalled an enhancement from limited to basic level of the knowledge of curricular
saliency. See Table 4 for this enhancement.

During the first feedback, the reflections facilitated the development of TSPCK. For example, Thabo said:

…[we] got the chance to scaffold the concepts into simpler ways to be well understood by learners. Concepts were arranged in an
order of increasing degree of difficulty.

Table : Developments in the learner prior knowledge component.

First developed CoRe Additions towards the second CoRe

What are typical stu-
dents’ misconceptions
when teaching this idea?

— Learners drink fruit-flavoured drinks or
sweets believing they are made from actual
fruits, but their flavours are created using
esters.

— Vinegar (black or white), despite being a carboxylic acid
with the formula CH3COOH, is not considered a
household acid due to its culinary use.

— Carboxylic acids behave like Lewis bases and alcohols
behaves like Lewis’ acids

— Carboxylic acids are like Bronsted acids (they give–H)
Component(s)
interactions

Table : Development in the curricular saliency component.

First developed CoRe Additions towards the second CoRe

What do you intend students
to learn from this idea?

— The ester is formed during a
reaction called esterification.

— Esterification is a reaction of
alcohol and carboxylic acid in
the presence of sulfuric acid as a
catalyst.

— e.g. alcohol + carboxylic acid H2 SO4
ΔH → ester + water

— Reaction conditions: Add a few drops of H2SO4. Heat in a water
bath.

Why is it important for
students to know this idea?

— Esters are essential in the food
industry because they have
fruity smells.

— Ester is also used inmedicine to produce flavors in syrups and in
the cosmetic industry to produce a fruity smell in lotions.

What else you might know
about this idea that you
intend students not to know
yet?

— The reaction of esters to form
polyester.

— The distinction between Lewis’s acid and Bronsted acid in
organic chemistry.

Component(s) interactions No component interaction
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In addition, during the feedback session, Mary added that:

Learners ae failing to respond to organic reactions when they are given flow diagrams with only one clue [referring to exam type
questions]. Learners need to understand reaction condition for them to predict the next reaction.

Furthermore, Thabo highlighted that they need to be aware of the aspects of content that are not examinable. He
said:

We must not concentrate on the polyesters, even if they are in the book. They are not for examination purposes

These reflections pointed the participants to the need to include reaction conditions explicitly when dealing with
the knowledge of organic reactions. Also, they were being cognisant of the content that they know but do not
intend for students to learn.

The next component focused on the difficult aspects to teach. Therewas one item related to this component in
the CoRe. On the first CoRe, participants were able to identify an area of difficulty in teaching the big idea. This
identification of what is difficult to teach was not explained, hence indicated limited knowledge as per the rubric.
On the second CoRe, teachers did not identify new gatekeeping concepts. However, they were able to outline a
reason linked to the commonmisconception which they earlier identified are regarded as contributing to what is
difficult to teach. This signalled a developing knowledge of this component. This response was quite interesting in
the sense that the participants did not focus on what is difficult to teach but the interplay of this component
and representation to address a particular prior knowledge.

Next, is the focus on the knowledge of representations. In the first CoRe, teachers showed basic knowledge
of representations. While three levels of representations were identified, this was found to be basic since
participants provided no reasoning regarding how they could support conceptual learning. In the second CoRe,
teachers attempted to explain how for example a ball and stick model can help explain the acid donating an –OH-

rather than –H+. In addition, participants added that an experiment can support the idea that esters have a
pleasant smell. This signalled an enhancement from basic to exemplary knowledge as the representations were
aimed to support the confrontation of a specific learning misconception.

After the first lesson presentation, the participants noted the need for using more than one level of repre-
sentations, this signalled the development in their knowledge for teaching. For example, Mary added that:

We have not used the models [particulate level] in the past to show learners how the reaction of a carboxyl acid and an alcohol
takes place. We need to use them so that we can help learners understand that (–OH) comes from the acid.

In addition, Peter also indicated that they need a simple experiment to allow student to physically detect the smell
of the produced ester. During the feedback, he said:

Let us consider using a simple experiment [macroscopic representation] so that learners can also identify the smell of the ester
produced

These two assertions showhow the feedback and reflections fostered the use ofmultiple representations towards
conceptual teaching.

The next section focuses on other essential components of the CoRe related to the understanding of teaching
strategies. It is important to note that these elements alone do not constitute a comprehensive conceptual teaching
strategy. For instance, other factors such as context, culture, cognitive styles, and resource availability also
influence the teaching of this concept. Additionally, assessment knowledge is crucial for a well-rounded teaching
strategy as it offers essential evaluation points. When combined with the other four components of TSPCK
(learner prior knowledge, curricular saliency, what is difficult to teach, and representation), these aspects
collectively form a comprehensive conceptual teaching strategy. Table 7 outlines the enhancements made in
relation to the other aspects of teaching strategy aspects between the two cycles.

For instance, teachers recognized learners’ common exposure to alcohol in social settings and the prior
teaching of acids and bases in inorganic chemistry as contextual issues potential impacting the teaching. These
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points were noted by what is difficult to teach and learner prior knowledge. The second CoRe group also
emphasized the influence of functional group chemistry and homologous series knowledge on teaching this
concept. Hands-on teaching was identified as an effective strategy. Following the initial cycle, the value of visual
aids in simplifying the ester formation process was acknowledged.

The analysis of the two CoRes above generated between the two lesson study cycles indicated that there was
an improvement in the quality of conceptual teaching strategy from the perspective of TSPCK. According to the
rubric there was an attempt by the teachers to use specific strategies that exposes learner prior knowledge. For

Table : Development in the “what is difficult to teach” component.

First developed CoRe Additions towards the second CoRe

What do you consider
easy or difficult about
teaching this idea?

— The knowledge of structural formulae of
alcohols and carboxylic acids can lead to
an incorrect ester.

— It is difficult to explain that hydroxyl
group (OH) is from a carboxylic acid, and
it bond with hydrogen atom (–H) from
an alcohol during esterification.

Teachers need to use different colourswhenpresenting that (–H)
is from an alcohol during esterification and further demonstrate
it usingmodels. This can help understand that carboxylic acids do
not behave like Bronsted acids during esterification.

Component(s)
interactions

No component interaction

Table : Development in the REP component.

First developed CoRe Additions towards the second CoRe

What representations
would you use in your
teaching strategy?

— Symbolic representations can
be used to write balanced
equations for esterification.

— Models can be used for
microscopic representation.

— The experiment can be done to
represent the macroscopic
level.

— e.g. Ball and stick Models will be used for microscopic representa-
tion. To demonstrate the formation of ester and how an acid release
an–OH rather than–H, a simple experiment will be conducted to
represent the process macroscopically and learners will get to smell
the ester.

Ball and stick model
Clue: Black – C, Red – O, Grey – H

Structural formulae and IUPAC names:

Component(s) interactions No component interaction
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example, learners tend to believe that candy and juice always come from the actual fruits. However, theflavour of
many juices and candies comes from esters since they often have pleasant fruity orfloral scents, which contribute
significantly to the smell of these product. Using an experiment can prove this. Also, there is evidence of what the
learners’ activity will be as the lesson progresses (see Tables 3). This indicated basic knowledge of conceptual
teaching strategy.

After the first cycle, the development made in the second indicated a shift in the quality of conceptual
teaching strategy. For example, there is evidence of exposing and confronting misconceptions and there is an
indication towards using representations for some difficult concepts to teach. For example, in the use of a visual
aid (ball and stick model) to show the complex formation of an ester and the intricate reaction mechanism in
which an –OH- is produced by an acid instead of –H+ produced according to the Bronsted theory. What is more
particular about the improvement is the extent towhich there is integration of TSPCK components such as learner
prior knowledge, what is difficult to teach and representation in Tables 3–6. Additionally, when teachersmade an
example regarding curricular saliency, they used an example with a particular form of symbolic representation.
Similar to what is difficult to teach, the component of representations was used. In summary, this signalled a shift
from basic quality of conceptual teaching strategy to a developing quality of conceptual teaching strategy.

8 Discussions

This paper offers an analysis of the development of a conceptual teaching strategy in science teaching because of a
lesson study. As highlighted by Holme et al.;4 there exists a significant lack of clarity regarding what precisely
constitutes a conceptual teaching strategy. This ambiguity presents substantial challenges for educators and
researchers alike, as the absence of a shared understanding can hinder the development and implementation of
effective pedagogical approaches. The implications of this confusion are far-reaching, potentially leading to
inconsistencies in teaching practices, variations in student learning outcomes, and difficulties in evaluating
educational effectiveness.

Table : Other aspects of teaching strategies.

First developed CoRe Additions towards the second CoRe

What other factors influence
the teaching of this idea?

— Learners associate alcohol with the ones found
in taverns e.g. beer.

— The knowledge of acids and bases in grade 11,
especially the acid-base theories.

The learners know the structural formula for a
functional group of alcohol and carboxylic acids from
knowledge of homologous series.

What effective teaching
strategies would you use to
teach this big idea?

Demonstration:
— The teacher can demonstrate the formation of

esters using for example ethanol and ethanoic
acid. Learners can identify the characteristic
smell.

— Using the above example, a balanced chemical
reaction can be represented in IUPAC names,
condensed structural formula, and structural
formula. Learners can write the balanced
equation to represent this chemical change

Visual aids
Learners can be given models to build compounds
and re-arrange them to form products. From this,
learners can write the balanced equation to
represent this chemical change

What questions would you
consider important to ask in
your teaching strategy?

— Teachers can probe questions on the
importance of esters in industry.

— Teachers can use the IUPAC name for reactions
of alcohols and carboxylic acids and allow
learners to give products and then present
balanced chemical equations using a structural
formula, condensed structural formula, or
molecular formula.

— The teacher can probe questions on reaction
conditions for esterification.
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In our exploration, we draw upon the TSPCKmodel to align with the perspectives of Mavhunga27 and Ndlovu
and Malcolm7 who argued that the quality of conceptual teaching strategies arises from the dynamic interplay
among the various components of TSPCK.While8 emphasize the role of representations in developing conceptual
teaching strategies, their perspective, as outlined in the grand PCK rubric by Chan et al.;37 also incorporates
the selection of instructional strategies that are student-centred and promote meaningful learning. Our
approach extends this discussion by considering the interdependence of multiple TSPCK components beyond
representations and instructional strategies alone. We maintain that a holistic approach, which considers the
interconnections among TSPCK components, is essential to enhance conceptual teaching strategies, particularly
in the context of collaborative lesson study.

The results of our investigation indicate a marked improvement in the quality of the conceptual teaching
strategy across two cycles of lesson study. This finding resonates with the earlier work of Mapulanga et al.;11

which reported successful enhancements in enacted-TSPCK within a biology context. While Mapulanga et al.11

concentrated on the broader application of TSPCK in action, our study specifically examines the development of
a collective conceptual teaching strategy, particularly during the critical phase of lesson planning. This
focus underscores the essential role of collaboration among educators in fostering a deeper understanding of
conceptual teaching. Through collaborative lesson study, teachers can share insights, refine their instructional
methods, and collectively navigate the complexities of teaching science concepts effectively.

In literature, both TSPCK and PCK are characterized as inherently tacit and dynamic.38 Our findings
corroborate this characterization, revealing that the enhancement of the conceptual teaching strategy is inex-
tricably linked to broader components of PCK, such as contextual factors and assessment practices, which extend
beyond the interactions of TSPCK components. This interplay highlights the necessity of considering these
additional elements to fully appreciate and improve the quality of teaching and learning. For instance, under-
standing the cultural and socio-economic contexts in which students learn can significantly shape instructional
strategies and engagement levels.

Moreover, our study reveals a pressing need for further investigation into the explicit levels of generality
within PCK taxonomies. Current studies have adopted a topic-specific approach to conceptual teaching strate-
gies,8,26 which, while beneficial, may overlook the finer details inherent in conceptual understanding. A concept-
specific approach, which aligns more closely with the essence of how concepts are understood and taught, could
yield richer insights into effective teaching strategies. This nuanced perspective not only enhances the under-
standing of conceptual teaching but also empowers teachers to tailor their instructional methods to better meet
the diverse needs of learners.

This paper advocates for a comprehensive understanding of conceptual teaching strategies that transcends
simplistic representations and embraces the dynamic interplay of various pedagogical components. Through
collaborative reflection and shared practice, educators can refine their conceptual teaching strategies, thereby
empowering students to achieve greater academic success in science and other disciplines. This transformative
approach not only enriches the teaching and learning experience but also contributes significantly to the ongoing
discourse in educational research. Moving forward, it is essential for educators and researchers to engage in
continuous dialogue and exploration of conceptual teaching strategies, ensuring that they remain responsive to
the evolving needs of students in a rapidly changing educational landscape. Through such commitment, we
can cultivate a generation of learners who are not only knowledgeable but also capable of applying their
understanding in meaningful ways.

Through a series of collaborative reflection cycles (CoRes), teachers engaged in collective planning,
observation, and analysis of lessons. This process allowed them to identify and address students’ common
misconceptions. They also recognized the importance of incorporating diverse teaching strategies, including
hands-on experiments and visual aids, to foster a deeper understanding of complex concepts. The study revealed
that lesson study fostered a shared repertoire of effective teaching practices among the participating teachers.
They developed a common purpose and took ownership of the collaborative process, demonstrating a strong
commitment to improving student learning.13 The findings suggest that lesson study can be a powerful tool for
enhancing teacher professional development and ultimately improving student outcomes in science education.
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9 Conclusions

One limitation linked to this study was the reliance on a small participant group, as only one teacher (Thabo)
delivered the lesson, and two LS cycles were studied. This narrow focus restricts the generalizability of the
findings, as it may not represent the diverse range of teaching styles and classroom dynamics present in other
contexts. A larger and more diverse participant pool would have allowed for a more comprehensive exploration
of the enhancement of conceptual teaching within the topic.

Despite this limitation, the study offers valuable insights into the ongoing professional development of
teachers and suggests directions for future research. Learning Study appears to be a particularly effective
approach for refining conceptual teaching strategies in experienced educators. LS facilitated the development of
a shared understanding of effective teaching practices by providing a structured framework for collaborative
inquiry and reflection. To maximize the impact of professional development, a strong emphasis should be placed
on deepening teachers’ TSPCK, as this underpins the ability to design and implement conceptually rich lessons.
Additionally, creating a supportive and collaborative environment where teachers can openly share experiences
and learn from one another is crucial. Continuous professional development that prioritizes the development of
conceptual teaching strategies, coupled with opportunities for reflection and adaptation, can significantly
enhance teachers’ capacity to foster deep student understanding. Future research needs to explore the role of
reflections in developing conceptual teaching strategies.
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Appendix A: TSPCK Rubric

TSPCK
component

Limited Basic Developing Exemplary

Learner prior
knowledge

No identification/acknowl-
edgement of learners’ prior
knowledge and/or mis-
conceptions. Reasons for the
relevance of prior knowledge
are absent.

Identified possible learner
prior knowledge, one major
misconception, and other
minor misconceptions.

Identified possible prior
knowledge, two major mis-
conceptions, and other mi-
nor misconceptions.

Identified possible prior
knowledge, three or more
major misconceptions, and
other minor mis-
conceptions. Reasons for
relevance of prior knowl-
edge are compelling.

Curricular saliency Identified irrelevant sub-
topics. Illogical sequencing of
concepts and/or teaching and
learning activities. Reasons
for the importance of sub-
topics and sequencing are
absent.

Identified relevant sub-
topics. The reasoning of the
interrelatedness between
sub-topics, concepts, and
teaching and learning ac-
tivities is clumsy. The
teaching and learning ac-
tivities are not scaffolded.

Identified relevant sub-
topics sequenced logically.
Reasoning for the interre-
latedness between con-
cepts is evident in the
teaching and learning ac-
tivities, and includes
scaffolding.

Identified relevant sub-
topics logically. Concepts
and teaching and learning
activities are sequenced
logically. The indication of
the interrelatedness among
concepts is adequate.
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(continued)

TSPCK
component

Limited Basic Developing Exemplary

What is difficult to
teach?

No indication of concepts/
ideas that are difficult to
teach. Reasons for the
difficulty or gate-keeping
concepts are not specified.

Identified broad concepts
as difficult. Reasons for the
difficulties are provided but
not specific to the key ideas.

Identified specific concepts
as difficult. Outlined rea-
sons related to learners’
common difficulties.

Identified specific concepts
as difficult. Outlined gate-
keeping concepts as well as
learners’ misconceptions
perpetuating the
difficulties.

Representations
including
analogies

Representations not
identified.

Identified a relevant
representation. No
reasoning regarding how
the representation works
and which concepts it
supports.

Identified a relevant
representation. Reasoned
how the representation
supports the explanations
of concepts.

Identified a variety of
relevant representations
with reasons on how the
representations support
the confrontation of
misconceptions and
difficult concepts.

Conceptual teach-
ing strategies

There is no identification of a
strategy to address a specific
misconception and no inten-
tion of using representations
to teach the topic. Overall,
highly teacher-centred
lesson.

There is evidence of ways of
using specific strategies
that expose learners’ mis-
conceptions. Representa-
tions are used but concepts
to be supported are absent.
Evidence of how learner
involvement will be ach-
ieved is limited.

Evidence of a plan to use,
expose, and confront
learners’ misconceptions
with an indication of
representations to use for
some key difficult ideas, in
general. There is evidence
of how learner involvement
will be achieved.

Evidence of activities
designed to expose
learners’ misconceptions
and difficulties.
Representations to be used
to explain concepts in
general and the ones
identified as difficult. The
planning shows evidence of
a learner-centred lesson.
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