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Abstract

Teachers' reflections on their practice are a powerful tool for measuring and supporting their professional knowledge.
Pedagogical content knowledge is one of the most influential domains of teacher professional knowledge. This multiple-
case study investigated the topic-specific pedagogical content knowledge (TSPCK) components that Zambian second-
ary school science teachers integrate when reflecting on biology lessons. Three teachers from the same school were
observed teaching a biology lesson and attended post-observation interviews. Data were mainly collected through lesson
plans, lesson observation field notes and post-observation interviews. The data were analysed using in-depth analysis
of explicit TSPCK, enumerative and constant comparative approaches. TSPCK maps were constructed to illustrate each
teachers’ integration of TSPCK components. The results revealed four features about the integration of TSPCK compo-
nents: (a) None of the teachers depended solely on a single TSPCK component as they integrated other components (b)
The components curricular saliency, students’ prior knowledge and misconceptions, and conceptual teaching strategies
were central in the TSPCK maps of all the teachers, while representations and analogies, and what make the topic easy/
difficult to teach/learn were least integrated (c) All teachers had different pairs of reciprocal connections among TSPCK
components, and (d) All teachers had different pairs of most integrated components. The implications of these findings
for science and teacher education research were presented and discussed. It was concluded that teachers’ reflections
revealed the integration between TSPCK components and showed them differently. The study recommends investigating
teachers'reflections over several lessons and tracking any changes in their TSPCK integration.

Keywords Topic-specific pedagogical content knowledge (TSPCK) - Integration of TSPCK components - Reflection on
biology lessons - Secondary school science teachers

1 Introduction

Recent research on teacher knowledge has focused on Shulman’s [1] seminal work on pedagogical content knowledge
(PCK). Shulman [1] described PCK as a knowledge domain that is specific to teachers/educators—an amalgam of
content and pedagogy that is uniquely the province of teachers, their own special form of professional understand-
ing. Gess-Newsome [2] asserts that (personal) PCK is the knowledge of, reasoning behind, and planning for teaching
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a particular topic in a particular way for a particular purpose to particular students for enhanced student outcomes.
This definition of PCK emphasises the person- and topic-specificity of PCK which has implications for this study. PCK
is crucial because it determines how teachers teach, and therefore, students’achievement of learning outcomes. As
such, understanding teachers’ PCK is very critical to improving students’learning.

Because PCK is a blend of content and pedagogy, it is likely to be influenced by whether one is teaching in-field
or out-of-field. Singh et al. [3] describe out-of-field (OOF) teaching as the mismatch between a teacher’s area of
expertise and teaching assignment. In this framing, an OOF teacher teaches a subject they were not trained to teach.
On the other hand, an in-field teacher teaches a subject they trained to teach. In Zambia, many secondary school
students are taught by teachers who are outside of their expertise in science—OOF teaching. Researchers have raised
several issues about the effect of OOF teaching. For example, Du Plessis [4] asserts that OOF teaching may lead to
dysfunctional learning environments as OOF teachers may lack the confidence to adequately engage students in
challenging content. Furthermore, OOF teachers may avoid in-depth discussions due to a lack of adequate content
knowledge. Research has also shown that in-field teachers tend to create productive learning environments. Given
the prevalence of OOF teaching in Zambian secondary schools, it may be important to explore the PCK of in-field
and OOF teachers of biology. As will be seen later, these types of teaching have implications for the present study.

In the revised consensus model (RCM) of PCK, reflection is considered one of the foundations for the develop-
ment of teachers’ pedagogical content knowledge [5]. Therefore, many PCK studies rely on teachers’ reflections as a
data source for examining teachers’ PCK [6-9]. For example, Zeichner and Liston [7] assert that teachers’ reflection-
on-action makes them expert, capable and better teachers. Schén [10] explains reflection-on-action as the act of
reflecting on the action and the knowledge informing the action. So, reflection-on-action occurs when teachers
reflect on a pedagogical action after it occurs, e.g. after teaching. Through reflection, teachers demonstrate their
pedagogical reasoning—the thinking underpinning their teaching [11]. Therefore, teachers articulate and explain
the reasons underpinning their actions, making their PCK explicit. This way, teachers consider how their practice
may be altered. According to Park and Oliver [12], teachers draw upon and expand their professional knowledge by
reflecting on action. For Aydin et al. [13] reflection-on-action makes teachers aware of the need to augment or adjust
their knowledge for teaching particular topics, leading to improvement of their professional knowledge. Therefore,
information from teachers’ reflections may inform teachers’ future classroom actions and decisions on the needed
professional learning to improve their knowledge and teaching. Reflections facilitate teachers’ pedagogical reasoning,
which allows access to the knowledge influencing the ‘what-how-and-why’ of teaching [11]. Conclusively, teachers’
reflections may be considered a foundation for developing teachers’ PCK and hence need to be considered when
examining PCK.

Reflection-on-action is closely related to noticing, whereby teachers are prompted to reflect on teaching events
that are either noticed by the teacher (teacher-noticing) or the researcher (researcher-noticing). Through noticing,
effective teachers can identify and reflect on salient classroom interactions or activities within the visually complex
classroom environment [14]. According to Koning et al. [15], noticing enables teachers to identify important and
noteworthy classroom incidents, make connections between these incidents and broader principles of teaching and
learning, and reasoning about classroom interactions. Noticing can be seen as a prerequisite to reflection on action.
Because reflections are considered foundations for the development of PCK, many science education studies have
used teachers' reflections as a source of data for assessing teachers’ PCK, its development or component integration
[8, 12, 16, 17]. These studies report that teachers’ reflections assist in understanding the nature, development and/
or interactions among PCK components. Furthermore, reflections help to readjust and strengthen the integration
of components of PCK by exposing any weak connections among PCK components that may need improvement.

Researchers have expanded Shulman’s [1] original conceptualisation of PCK by identifying and describing the
components that constitute PCK. This has resulted in various models conceptualising PCK [12, 18-20]. The variations
among these PCK models lie in the components’ labels, descriptions, or arrangement. For example, the most cited
PCK model proposed by Magnusson, Krajcik and Borko [18] conceptualises PCK in terms of five PCK components
namely orientation towards science teaching, knowledge of student understanding, knowledge of instructional
strategies, knowledge of assessment and knowledge of curriculum. Additionally, Mavhunga and Rollnick [19] describe
a model for topic-specific PCK (TSPCK) comprising five components—students’ prior knowledge including miscon-
ceptions, curricular saliency, what makes a topic easy or difficult to understand, representations including analogies,
and conceptual teaching strategies. Recently, the revised consensus model (RCM) was proposed which describes
PCK in terms of five components namely content knowledge, pedagogical content knowledge, knowledge of stu-
dents, curricular knowledge and assessment knowledge. Although PCK has been conceptualised as a set of various
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components, researchers have focused their studies on establishing teachers’ knowledge of the PCK components
and their integration [9, 17, 20-27]. Researchers have attempted to understand how teachers link/connect/integrate
the different knowledge domains during planning, teaching or reflecting. A literature review by Chan [28] found 22
studies that used the PCK map approach to investigate the integration of PCK components. Aydin et al. [13] note that
researchers use terms like interaction, coherence, intersection, interrelationship, interrelatedness, and integration
to refer to connections/links between the PCK components. In the present study, the terms integration, connection
and interaction will be used interchangeably to refer to links between two or more PCK components.

Often, teachers do not use the PCK domains in isolation but integrate the different domains in a variety of ways.
Expert teachers tend to connect the PCK domains in various complex ways while novice teachers tend to connect a
few components. Researchers assert that the integrations among PCK components measure the coherence in teachers’
pedagogical reasoning and indicate the quality of teachers' PCK [18, 20, 29, 301. For instance, Park and Chen [20] argue
that a developed PCK has all its components strongly integrated to each other such that the whole PCK structure can
function to support student learning. Furthermore, Bayram-Jacobs et al. [30] aver that a teacher demonstrates developed
PCK when s/he plans to use different teaching strategies by considering students’ understanding of science or their
difficulties, and plans to use appropriate methods/tools to assess learning. Furthermore, several researchers agree that
high integration of PCK components indicates high or developed PCK, while low integration indicates limited PCK [12,
13, 20, 25, 31]. Therefore, revealing a more holistic picture of PCK by examining component integration may provide a
deeper insight into PCK, and this may provide enriched knowledge of teachers’ PCK.

Recently, integrating PCK components has been explored in various science topics. For example, Park and Chen [20]
explored the nature of the integration of PCK components in the topics of photosynthesis and heredity. Results revealed
that the integration was idiosyncratic and topic-specific. They also found that knowledge of student understanding and
knowledge of instructional strategies and representations were central to the integration. They concluded that the quality
of PCK depends on the coherence among the components and the strength of individual components. Akin et al. [27]
examined the interactions among PCK components of novice and experienced chemistry teachers in teaching reaction
rate and chemical equilibrium topics. They concluded that the teachers integrated the PCK components differently.
Meanwhile, Gao et al. [9] examined how a middle school teacher integrated and reflected on PCK components during
the teaching of natural selection. The study found that knowledge of instructional strategies and representation and
knowledge of science content were most frequently connected with other PCK components. Szeleset and Friedrichsen
[24] evaluated pre-service teachers’integration between knowledge of students’understanding and instructional strate-
gies. The pre-service teachers taught various science topics such as nutrition, the eye, energy content in food, puberty,
and sexual health. The authors found that participants frequently demonstrated the integration of knowledge of students
and knowledge of instructional strategies in a topic-specific way. Focusing on cell division, Sen et al. [32] investigated
how various PCK components informed each other in the PCK maps of a curriculum-led, content-expert, and content-
novice teacher. They found that teachers integrated the PCK components differently. More recently, Mapulanga et al. [22]
investigated the integration of planned TSPCK components among secondary school biology teachers. They concluded
that the integration of TSPCK components was idiosyncratic and the more central components were conceptual teaching
strategies, curricular salience and students’ prior knowledge and misconceptions. To sum up, results on PCK component
integration consistently show that PCK components are integrated in topic-specific, person-specific and context-specific
ways. However, the apparent gap in many of these studies (except a few, e.g. [23, 24, 32]) is the lack of consideration
of the direction of the interactions among PCK components [31]. Therefore, Sen [31] has called for more research that
considers the direction of the integration. It seems that researchers’interest in the integration of PCK components has
grown because researchers have reached a consensus that the frequency of integration among the PCK components
is an indicator of the quality of teachers’ PCK, and a well-developed PCK and an effective teaching should comprise all
PCK components integrated.

The rationale of studies on PCK component integration is that the quality of teachers' PCK can be seen in their integra-
tion of the components and that complex integration of all components of teacher knowledge constitutes developed
PCK.The findings of these studies give valuable insight into component interactions. For example, most studies report
that integrating PCK is person- and topic-specific [9, 20, 22, 27, 32]. Furthermore, the integration of PCK components
has been reported to be context-specific [20, 25]. The topic- and context-specificity of PCK makes it problematic to
apply the results of PCK studies to all topics in a subject (e.g. biology). Hence, a need exists to evaluate the integration
of topic-specific PCK (TSPCK) components in other challenging biology topics to widen and extend our understanding
of component interactions. This understanding would help to improve the teaching of difficult biology topics. However,
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many of the previous studies on PCK component integration ignore the direction of integration. Therefore, a focus on the
direction of the integration of the PCK components would expand our knowledge about the most influential components.

The dearth of literature on secondary school biology teachers’integration of PCK components in their reflections on
taught biology lessons suggests that how secondary school biology teachers integrate their PCK components during
reflection on teaching incidences remains unknown. In addition, there is much to be learned about how PCK is con-
structed for teaching different topics and how the integration of the components may differ for in-field and out-of-field
science teachers. Although some studies on TSPCK component interaction have been conducted in sub-Saharan Africa
[22, 23, 33, 36], none of these studies have explored the research question asked in the current study. Therefore, the cur-
rent study investigates the integration of TSPCK components in science teachers'reflection-on-action on biology lessons.
The findings would give insight into the nature of the integration of TSPCK components, which may be used to promote
biology teaching in Zambia and other similar contexts. Furthermore, findings would extend knowledge in PCK research
by showing how our sample (consisting of one in-field and two out-of-field teachers) integrates the topic-specific PCK
components, considering the direction of integration. Therefore, this study sought to answer the following research
question: What is the nature of TSPCK component integration in science teachers’ reflections on taught biology lessons?

The study’s novelty lies in determining the TSPCK components integrated into science teachers’reflections on taught
lessons, with an emphasis on the direction of component interactions. This is consistent with the call to consider the
direction of the interactions in component interactions [31]. Furthermore, there is a lack of research into PCK for excre-
tion, holozoic nutrition and the nervous system although these topics are difficult to teach and learn [38]. Therefore,
the study’s findings highlight the TSPCK components integrated in teachers' reflections-on-action and the nature of the
integration. The findings also highlight the participants’ professional development requirements for improving their
TSPCK in teaching excretion, holozoic nutrition and the nervous system. The study’s outcomes may make teachers aware
of pertinent issues in TSPCK component integration when reflecting on biology lessons, making them better teachers.
Furthermore, the study contributes to the few biology education studies [8, 9] that report on teachers’integration of PCK
components through reflections-on-action.

2 Theoretical background—pedagogical content knowledge (PCK)

Pedagogical content knowledge (PCK) is the teachers’knowledge and ability to arrange, represent and adapt content to
the different learning needs of students [1, 5]. According to Park and Oliver [12], PCK comprises teachers’ knowledge and
its enactment. Chan et al. [34], assert that teachers draw upon PCK to plan and reflect on teaching. Thus, PCK underlies
teachers’knowledge of, reasoning behind and planning for teaching particular topics in a particular way for a particular
purpose to particular students. Therefore, it can be inferred that teachers draw from their PCK to plan particular les-
sons on specific topics and enact and reflect upon them afterwards. The present study is located within the revised
consensus model (RCM) of PCK [35]. A simplified version of the RCM was adapted from Makchechane and Mavhunga
[36] as illustrated in Fig. 1. The RCM emphasises the realms of PCK—(i) collective PCK (cPCK), which is the specialised
knowledge shared by the community (ii) personal PCK (pPCK), which is the individual’s personalised PCK. Personal PCK
can be demonstrated through planning for teaching as planned PCK (pIPCK) and classroom enactment as enacted PCK
(ePCK). Furthermore, the RCM describes PCK in terms of three grain sizes, i.e. discipline-specific PCK, topic-specific PCK,
and concept-specific PCK [35]. Discipline-specific PCK refers to the PCK needed to teach specific domains or subjects.
For example, the PCK needed to teach biology would represent the discipline PCK in biology. As already mentioned,
topic-specific PCK is the PCK needed to teach specific topics in a discipline [22, 23]. An example of topic-specific PCK is
the PCK needed to teach respiration [22]. On the other hand, concept-specific PCK can be seen as the PCK needed to
teach specific concepts in a topic such as cells [31].

The simplified version of the RCM connects well with the topic-specific pedagogical content knowledge (TSPCK)
model of Mavhunga and Rollnick [19], shown on the right side of Fig. 1. The TSPCK model was selected for the
current study because of the topic-specific nature of the study’s focus. The model consists of five content-specific
components described by Buma et al. [37] as follows: (a) curricular saliency (CS) refers to the capacity to choose and
organise key concepts for teaching. (b) students’ prior knowledge and misconceptions (SPK) refers to understanding
what information students already possess, incorrect and alternate conceptions, from own experiences, previous
learning or both. (c) representations and analogies (RP) is the knowledge of methods/ways (e.g., charts, demonstra-
tions, metaphors, and models) for representing concepts in ways that support the conceptual development of
ideas. (d) what makes the topic easy or difficult to teach or learn (WD) refers to the comprehension of topics which
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Fig. 1 Simplified positioning of topic-specific pedagogical content knowledge (TSPCK) in the refined consensus model of pedagogical con-
tent knowledge (PCK) (Adapted from Makchechane and Mavhunga [36])

demand extra care and time while teaching concepts that students usually find challenging, and (e) conceptual
teaching strategies (CTS) refer to the understanding of the topic-specific teaching techniques that enable teachers
to combine the other four components when explaining specific concepts.

The present study was located at the topic-specific grain size of PCK (TSPCK) as it aimed at exploring the teach-
ing of several concepts from three biology topics—excretion, holozoic nutrition and the nervous system. In this
framing, each topic has its own way of being taught, students’ difficulties and misconceptions, objectives, effec-
tive teaching and assessment methods. Furthermore, these selected topics are considered difficult to teach and
learn [38]. The study focuses on teachers’ enacted TSPCK (eTSPCK) in the classroom i.e. during teaching (eTSPCKt)
and reflection (eTSPCKr). The TSPCK model served as a conceptual and analytical framework to examine teachers’
reflections and unpack the integration of the TSPCK components in teachers’ reflections on taught lessons. The
TSPCK components are complementary and facilitate insight into teachers’ integration of TSPCK components in
their post-lesson reflections. Therefore, the TSPCK model was used to map out the TSPCK component integration
in teachers’ reflections-on-action for the respective topics they taught.

3 Methodology
3.1 Research design

This study adopted the exploratory multiple-case study design, which is one of the qualitative research approaches
[39]. The multiple-case study design allows the description of more than one case (situation and phenomenon)
and comparison among the cases. Therefore, this design was used to describe and compare three science teach-
ers’ integration of TSPCK components in their reflection-on-action about biology lessons. In this study, the case
referred to each of the three participants because the study sought to explore and give an in-depth description of
their integration of TSPCK components for the taught topics.

3.2 Study context
The Zambian secondary school curriculum emphasises the need for teachers to have the right professional knowledge to

teach at the secondary school level [40]. Therefore, teacher training universities and colleges have been charged with the
responsibility of adequately training the teachers before their deployment. Studying for a bachelor’s degree in science
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education takes four years, while a secondary teacher’s diploma takes three years. Science teachers are mainly trained
to teach one major subject and one or two other minor subjects. For example, teachers may be trained to teach biology
(major subject) and chemistry (minor subject) and vice versa. However, owing to the shortage of science teachers in
the country, it is very common to find teachers teaching subjects they were not trained to teach (i.e. out-of-field teach-
ing). For example, two of the participants in the current study taught biology even though they were not specialised
in teaching biology, one specialised in agricultural science, and the other in mathematics and physics education. The
Zambian secondary school biology curriculum covers various topics that teachers must teach [41]. Among these topics
are holozoic nutrition (nutrition in animals), excretion, and the nervous system. These topics have been reported to be
challenging for some teachers and or students. The continued secondary school students’ poor academic performance
in biology in the Zambian national examinations suggests that biology teaching may be problematic [42]. Although it is
believed to influence how teachers conduct their lessons and hence students’learning, the issue of the TSPCK that teach-
ers use to teach biology topics remains under-exploited in Zambia [22, 42]. Hence, it is valuable to explore the teaching
and learning of challenging biology topics in terms of the TSPCK components that teachers demonstrate or integrate
when reflecting on taught lessons.

3.3 Sampling and sample characteristics

A purposive sample was selected from one school based on criterion sampling. Firstly, since PCK is context-specific,
the participants were selected from the same public school. Therefore, they had similar teaching materials and were all
teaching biology. Secondly, teachers had different levels of qualifications and teaching experience. At the time of the
study, the selected school only had one qualified biology teacher (in-field teacher), and other biology teachers were not
qualified biology teachers (out-of-field teachers) and had only taught biology for less than 5 years, as shown in Table 2.
The teachers’ experience in teaching biology ranged from less than one to three years, so they were considered novices
[43]. Thirdly, the participants were easily accessible to obtain deep information on PCK in the specific topics taught. Finally,
the lack of overlap in the teachers’ schedules helped choose these teachers from the same context. Because integrating
TSPCK is topic-, person-, and context-specific, examining the individual novice teachers’ integration and reflection on
TSPCK enabled the understanding of the complexity of their TSPCK [25]. Participants’ characteristics, such as gender,
qualification and teaching experience, are shown in Table 1. The participants volunteered to participate in the study and
audio-recording their lesson and interview sessions. They were told about the aim of the study and that involvement in
the study was voluntary. Furthermore, pseudonyms were given to participants, and the school’s name was not reported
to maintain confidentiality.

3.4 Instruments

The study mainly used the post-observation interview guide, which was adapted from Friedrichsen et al. [44] and Park
et al. [45]. The interview guide comprised questions for the general information of respondents, open questions about
teachers’ observations/noticing, and five TSPCK components namely curricular saliency, what makes the subject easy or
difficult to teach or learn, students’ prior knowledge and misconceptions, representations and analogies, and concep-
tual teaching strategies. The open questions aimed at tapping into the teachers’ noticing while the rest of the questions
were mainly led by the researcher’s noticing and aimed at probing participants’integration of the TSPCK components.
Four university biology education lecturers and three secondary school biology teachers participated in validating the
interview guide. Their observations and remarks were used to make the questions clear, concise and aligned with the
TSPCK components (see sample questions in Table 2).

Table 1 Characteristics of participants

Name Gender Highestteaching  Teachers'category  Subject combination Yearsof  Years of School type
qualifications - - teaching teaching biol-
Major Minor
ogy
Marie F Bachelor’s degree  In-field Biology Chemistry 15 3 Public
Jemsa F Diploma Out-of-field Agriculture science - 2 <1 Public
Jeff M Diploma Out-of-field Mathematics Physics 4 3 Public
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Table 2 Sample leading questions for each TSPCK component

TSPCK component Sample questions included in the questionnaire

Open questions 1. How do you feel about the lesson that | just observed today? What went well? What
did not go well?

2. As you reflect on this lesson, did it proceed as you anticipated in your plan? If not,
what caused the change (e.g., students/pupils knew more/less than expected, a stu-
dent’s behaviour caused a change in the way | introduced the lesson, etc.)? Please
provide examples where necessary

3. What do you consider the most effective/successful teaching moment was in the
lesson? Why? How did you achieve it? Why did it work? What signalled to you that
the students/pupils were learning? How did you check their learning?

Curricular saliency 1. What important concepts did you intend your learners to learn?
2. Why is it important for students to know these concepts?

What makes the topic easy or difficult to teach/learn 1. Were there any difficulties you identified during the lesson? How did you address
them? Did it work? Why do you think it worked/did not work?
2. Did you have any difficulties teaching this lesson today/ were there any concepts
you were not comfortable to teach? How can they be overcome?

Students’ prior knowledge, and misconceptions 1. What strategies did you use to check/confirm students’ prior knowledge in the
topic?
2. Were there any student misconceptions you identified during the class that you
haven't known before? If yes, how did you respond to challenge them? Did it work?
Why do you think it worked/did not work?

Representations and analogies 1.1 noticed that you used/did not use any representation (e.g. chart/equation/dia-
gram etc.), could you explain why?
2. How did the representation help students’learning?
Conceptual teaching strategies 1. Why did you use the question & answer/lecture/demonstration/discussion/experi-
ment to teach this topic? How does it/do they promote learning?
2. What other method can be used?

3.5 Data collection procedures

Firstly, teachers were observed teaching one biology lesson each. The lessons were audio-recorded and transcribed
verbatim. The teachers taught different biology topics, two taught grade eleven classes, and one taught a grade ten
class (see Table 3). Secondly, each teacher was interviewed to probe the reasons for observed actions or decisions about
selected incidents noticed in the lesson plans or observed lessons. The interviews enabled an understanding of the teach-
ers’'reflections on the taught lessons (reflection-on-action) and the integration of TSPCK components in the reflections.
Interviews were conducted soon after the lesson observations so the teachers could easily remember the classroom/
teaching events. Before recording the interviews on audio, the researcher (first author) explained the interview ques-
tions to the participants. Teachers revisited their lesson plans and justified their actions or choices during the interviews.
It is worth noting that since the interviews were conducted concerning specific lesson plans and observed lessons,
some questions were specific to each teacher. However, the first general questions were asked to all three teachers. The

Table 3 Description of the participants’lessons

Participant Grade & Duration Topic taught—(focus of the lesson) Specific learning outcomes
1. Marie Grade 11, 80 min Nervous system—(parts of the brain) a. ldentify the parts of the brain
b. Describe the functions of parts of the brain
2.Jemsa Grade 10, 40 min Holozoic nutrition—(parts of the alimentary canal) a. Identify the parts of the alimentary canal
b. Describe the stages of holozoic nutrition
3. Jeff Grade 11, 80 min Excretion—(parts of the human urinary system) a. Identify the parts of the human urinary
system

b. Describe the functions of parts of the
human urinary system
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interviews were conducted to probe why teachers used certain activities in their lessons. The interviews lasted about
40 min. For easy analysis, the interviews were transcribed verbatim.

The primary data sources used in this study included lesson plans, field notes from lesson observations (including
audio-recorded lessons, photographs of board work/teaching aids used), and transcripts of post-observation interviews.
Table 4 shows the data sources and what the data were used for.

3.6 Data analysis

The researcher and an independent science education researcher separately coded and analysed the data by reading
and rereading the lesson plans, lesson delivery transcripts/ and field notes (taken during lesson observation) [46]. The
Krippendorff's alpha agreement level between the coders was found to be 0.78, which indicates a satisfactory level of
agreement. Any disagreements that arose in the selection, coding and interpretations of TSPCK incidents were discussed
until agreed on. The other authors verified the whole analysis process. The involvement of different parties in the analysis
helped identify TSPCK/teaching incidents that indicated the enactment of TSPCK to probe teachers’ reflections-on-
action during interviews. TSPCK incidents included an integration of two or more PCK components in the TSPCK model
i.e.a teaching incident represented the existence of two or more PCK components. For example, if a teacher decided to
use a chart [in the lesson plan], this was followed up to see how it was used during the lesson (lesson observation), the
researcher noted how the teacher used the chart (field notes). During interviews, the researcher asked why the teacher
used the chart in the manner s/he did. The rest of the analysis sought evidence of integration among TSPCK components
in the interview transcripts.

The analysis involved reading the interview transcripts several times and summarising the data into appropriate
codes (TSPCK components) and categories (integrated/connected TSPCK components) [46]. There were 20 categories
reflecting all possible reciprocal connections of PCK components used to analyse the data. The codes and categories
were assigned to the appropriate sections/evidence in the reflection interview transcripts as described below. Table 5
shows some categories and their explanations.

The PCK mapping approach [20] was used to analyse the nature of interactions among the TSPCK components. The
results were presented on TSPCK maps showing the components and frequency of component integration by each
teacher in their reflections. The three main steps of the PCK mapping approach were followed to construct the TSPCK
maps [28]: (1) In-depth analysis of explicit TSPCK, (2a) Enumerating and Mapping the TSPCK integration (2b) Visualisation
in the form of a TSPCK map, and (3) Constant comparison. The three steps are briefly described below, and a summary
of the steps is provided in Fig. 3.

3.6.1 Step 1.In-depth analysis of explicit TSPCK

This step involved the explicit identification of specific TSPCK incidents and TSPCK components for each teacher
by analysing observation data (field notes) and interview transcripts. Lesson plans were used to probe the teach-
ers if they deviated from the plan. We searched the data for component integration and evidence for the identified
components. Table 6 illustrates the in-depth analysis process, evidence for the TSPCK components and the coding
process of the integrated TSPCK components. During this step, we identified 18 incidents for Marie, 13 for Jemsa and
21 for Jeff, which were used in the enumerative process.

Table 4 Data sources and what the data were used for

Data sources Purpose
Lesson plans Comparing teachers’ planned and enacted activities for further probing in
the interviews
Lesson observation—field notes, transcripts of audio- Obtaining information on teachers’ enactment of knowledge of TSPCK com-
recorded lessons, and photographs of the board work/ ponents in a real classroom situation
teaching aids
Post-observation interviews Obtaining information on teachers’ reflections-on-action, and integration of
TSPCK components
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Fig.2 Sample TSPCK Map. SPK: students’ prior knowledge including misconceptions. CS curricular saliency, WD what makes a topic easy or
difficult to teach or learn, RP representations and analogies, CTS conceptual teaching strategies

Step 1 Step 2a Step 2b Step 3
In-depth analysis of Enumerating and Visualisation in the Constant
explicit PCK Mapping the PCK form of a TSPCK comparison
integration map

Identifying incidences
from teaching sessions
and interviews that
revealed a teachers’
integration of PCK
components
Describing the PCK
incidences using data
from different sources
(e.g. lesson plans, field

Determining the
connections among the
components in each
TSPCK incidence
using the TSPCK
model as an analytic
device

Adding the frequency
of any two TSPCK
components in all

e Visualising the
degree of
integration in the
form of a TSPCK
map

o Identifying
common patterns
that emerged from
the data by
comparing and
contrasting the
TSPCK maps with
each other and/or
with other data
sources

TSPCK incidences to
quantify their
connections

notes, interviews)

Fig. 3 Steps of the data analysis process (adapted from Chan [28])
3.6.2 Step 2. (a) Enumerating and mapping the PCK integration (b) Visualisation in the form of TSPCK maps

During step 2, we constructed a TSPCK map for each incident based on the integrated TSPCK components [25]. A
headed arrow line (pointing to the integrated component) was used when a teacher connected one component
when reflecting on the other. There were twenty possible integration types among the five TSPCK components (see
Table 5 for an example of integration types). It was assumed that there was at least one connection between any
identified pair of components and that the connections had equal strength [20]. Therefore, one frequency count
was recorded for a connection between any two components. When three components were integrated in the
same incident, each pair was coded separately. Next, we added all specific interactions and all the interactions that
occurred in the analysis for each teacher to show how often components are interconnected to each other [25]. The
frequency for specific pairs was indicated on the lines, while that of components was indicated in the circles along
with the components. The number of other components connected to each component was indicated besides each
component. For example, the TSPCK map in Fig. 2 shows that CTS was integrated to CS 3 times, 4 other components
integrated CS, and CS was integrated 9 times i.e. (3+ 1+ 2+ 3). The total number of interactions in this map was 12,
ie.3+1+2+3+1+2).
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3.6.3 Step 3. Constant comparison

The constant comparative method was used to compare the findings within and between participants. This was done
inductively by looking for similarities and differences in the specific and total component integrations in the teachers'’
TSPCK maps. The whole data analysis process is summarised in Fig. 3.

3.7 Trustworthiness of the study

The study’s trustworthiness was established by meeting the criteria for credibility, confirmability, dependability, and
transferability. Credibility was ascertained by the authors being immersed in the data analysis for a long period. Further,
the first analyses by the first author and an independent researcher were regularly verified by the other authors. In addi-
tion, the Krippendorff’s alpha agreement level between the coders was found to be 0.78. In-depth descriptions of the
data collection and analysis procedures were given to meet the criteria for dependability and confirmability. The criteria
for confirmability were met by using the TSPCK model as a framework for the study’s framing, analysis and reporting. In
addition, the verbatim reporting of teachers’integration of TSPCK components ensured the confirmability of the findings.
Furthermore, triangulation was done by checking interview data with lesson plans and field notes of observed lessons.
For transferability, the context of the study was described in detail for easy relation to other contexts.

4 Findings

This study explored the integration of TSPCK components in in-field and out-of-field science teachers'reflections of taught
biology lessons. The in-depth analysis and enumerative approach enabled the construction of the TSPCK maps for each
teacher participant (see Fig. 4). The number of connections in the TSPCK maps indicates the quality of teachers'TSPCK for
teaching their respective topics [25, 31]. It follows that teachers with more connections in their TSPCK maps demonstrate
more developed TSPCK in their respective topics. The study found that various TSPCK components were integrated in
different ways when teachers reflected on each component (see Table 7). This is consistent with the context- and topic-
specific nature of PCK given that teachers taught different topics and grades. The results (on teachers'TSPCK integration)
are presented based on the salient features emerging from the analysis of the TSPCK maps. Four salient features emerged
from the TSPCK maps (Fig. 4 and Table 7). First, the salient features are presented and then we present sample excerpts
with examples. To help the readers follow the presentation of the results, examples from lesson plans/field notes and
interviews are provided with codes for the integrated TSPCK components in square brackets.

4.1 First feature

None of the teachers depended solely on a single TSPCK component as they integrated other components. However,
the results revealed that the teachers had different numbers of integrated components. For example, Jemsa and Jeff

Marie (in-field teacher) Jemsa (out-of-field teacher) Jeff (out-of-field teacher)

3
[ 5 cs 2 =, cs 3
O 0
1
PN Oy o} : L ~
CTs SPK 3 CTs SPK CTS SPK \3
5 /3\ 8 2 /\ 0 D X
o~ ©,
A

G)— (v

RP

RP 1 WD 1
€ )| : ®
Total connections = 23 Total connections = 15 Total connections = 20
Types of connections made = §/20 Types of connections made = 9/20 Types of connections made = 11/20
Number of reciprocal connections = 1 Number of reciprocal connections =2 Number of reciprocal connections = 3

Fig.4 TSPCK maps of the three teachers. SPK students’ prior knowledge including misconceptions, CS curricular saliency, WD what makes a
topic easy or difficult to teach or learn, RP representations and analogies, CTS conceptual teaching strategies
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Table 7 Frequency of key

Teacher (frequenc
patterns in teachers' TSPCK (freq y)

maps Marie Jemsa Jeff
Most connected components cS(10) SPK (6) SPK (7),
SPK (8), cs(3) CS (6)
Least/unconnected components RP, WD (0) RP (1) RP (1)
WD (1)
Reciprocal connection CS-SPK (5) CTS-SPK (4) RP-CTS (3)
CS-RP (3) CTS-CS (5)
SPK-WD(4)
Most connected pairs RP-CS (4) CS-SPK (4) CTS-CS (5)
CS-RP (3) WD-SPK (4)
Least connected pairs RP-CTS (2) RP-WD (1) CS-SPK (1)
WD-SPK (2) RP-CTS (1) RP-WD (1)
WD-SPK(1)
Missing/unconnected pairs RP-WD CS-SPK CTS-WD
CTS-WD CTS-WD CS-WD
CS-WD CS-WD

SPK students’ prior knowledge including misconceptions, CS curricular saliency, WD what makes a topic
easy or difficult to teach or learn, RP representations and analogies, CTS conceptual teaching strategies

integrated all five components, while Marie only integrated three (CS, SPK, and CTS). Marie had 23 connections in
total, Jeff had 20 connections, and Jemsa had 15 connections. The teachers also differed in the types of connections
they made. Marie had eight different connections out of the 20 possible connections. Jemsa had nine types of con-
nections, while Jeff had 11 types of connections. In terms of reciprocal connections, Marie had one (CS-SPK), while
Jemsa had two (CTS-SPK, CS-RP) and Jeff had three (RP-CTS, CTS-CS, and SPK-WD). None of these connections were
common among the participants. The results suggest that Jeff (an out-of-field teacher) had the most integrated TSPCK
map, followed by Marie (an in-field-teacher) and lastly Jemsa (an out-of-field teacher) (see Fig. 4).

4.2 Second feature

The components CS, SPK and CTS were central in the TSPCK maps of all the teachers. However, the components RP
and WD were least integrated in all the maps. The teachers’reflections were based on their knowledge of CS, SPK and
CTS. However, the teachers differed in terms of the frequency with which they integrated these components. CS, SPK
and CTS were most frequently integrated by Marie followed by Jeff and then Jemsa (see Fig. 4). To illustrate why RP
was least enacted, it should be noted that all three participants only used charts or diagrams in their lessons. This
may indicate that they had limited options of representations to use in their lessons. For instance, this was picked up
in Jeff's interview, where he could not clearly state other representations he could have used in place of the charts.

4.3 Third feature

All teachers had different pairs of reciprocal connections. Jeff's reciprocal connections were RP-CTS, CTS-CS and
SPK-WD. Jemsa's reciprocal connections were between CTS-SPK, and CS-RP, while Marie's reciprocal connection was
CS-SPK.

The following example from Jemsa’s interview illustrates teachers’ reciprocal connections. First, when Jemsa was
asked the important concepts she wanted the students to learn [CS], she said:“l wanted them to know the definition of
holozoic nutrition, the five stages which are ingestion, digestion, absorption, assimilation and egestion [CS]. On the chart
[RP], I wanted the learners to know the parts of the alimentary canal, there is the mouth, oesophagus, stomach, small
intestine, large intestine and the anus”. Later in the interview, she was asked why she used the chart [RP] to represent
the concepts, she said: “On the chart, | wanted the students to know the parts of the alimentary canal such as mouth,
oesophagus, stomach, small intestine, large intestine, and anus.” In the first instance, Jemsa connected CS to RP, while in
the second instance, she connected RP-CS.
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4.4 Fourth feature

All teachers had different pairs of most integrated components. For example, Marie's most integrated pair was CS-RP
(4 times), Jemsa’s most integrated pair was CS-SPK (4 times) and Jeff’s most integrated pair was CS-CTS (5 times).

The following section illustrates the findings (on teachers' TSPCK integration) in detail through examples from
lesson plans/observation field notes and interviews. To help the readers follow the presentation of results, codes for
the integrated TSPCK components were added in square brackets.

Marie was asked about the difficulties she identified in the lesson and how she addressed them [WD], in her
response, Marie said: “A few students were not coming out to contribute effectively [SPK]. | noticed three or four
students who were not participating in the lesson [SPK], | would engage them in the lesson [CTS] and ask more
questions about why they were not participating [WD], and engage them in a group activity or to present in the
next lesson [CTS]".

In this excerpt, Marie used her knowledge of students’learning difficulties [WD] to reveal her knowledge of SPK,
and CTS. So, she linked WD to SPK, CTS. Specifically, Marie demonstrates that she can identify students who do not
participate and those who provide inadequate answers [SPK]. She also shows that she makes efforts to find out why
students do not participate in the lesson, allowing her to tap into their learning difficulties [WD], and she engages
the students through general science teaching strategies e.g. group activities and presentations [CTS].

When she was asked why it is important for students to know the concepts she chose to teach [CS], she said: “Yes,
that is now about skills and values, they should have awareness of how the brain works, how to take care of their
bodies [CS], understand that different individuals have got different abilities and disabilities. They should be able
to coexist with different individuals that have different challenges, maybe in vision, and mental abilities and to do
different activities. They may be able to relate why some people they have met are more or less able to do certain
activities [SPK]" Here, Marie linked CS to SPK by explaining that students would relate what they learn to their previ-
ous experiences [SPK].

Jemsa also revealed her knowledge of CS and CTS when reflecting on RP. For instance, during the lesson, Jemsa
displayed a chart of the human alimentary canal [RP]. She then asked the students to go to the board and identify
the different parts of the alimentary canal [CTS]. During the interview, she was asked why she chose to use the chart
as a teaching aid [RP]. The excerpt below shows her response to the researcher:

Researcher: | noticed that in your class, you used a chart of the human alimentary canal, could you explain why?
Jemsa: On the chart [RP], | wanted the learners to know the parts of the alimentary canal such as mouth,
oesophagus, stomach, small intestine, large intestine, and anus [CS]. | used the chart for the learners to see
and know the parts of the alimentary canal. A chart is better because learners will be able to see, it is different
whereby | just go and explain that the alimentary canal runs from the mouth to the anus. Learners may not be
able to connect. | will just be talking more like I'm just preaching to them. With a chart [RP], | will be pointing
[CTS] at the parts of the alimentary canal [CS], and learners will be able to know the different parts that make
up the alimentary canal and if a diagram comes in the exam, learners will remember that they identify the parts
in class. So it will be easy for learners to remember, to recall.

Researcher: What other teaching aids/representations could be used in this lesson?

Jemsa: Without a chart, it would be difficult to teach, for the mouth it can be easy but some parts are not even
seen. Maybe using text books or maybe drawing the diagram on the board.

The above incidence and excerpt show that Jemsa linked her knowledge of RP to CS and CTS. She indicates that
the chart [RP] would help students to know the different parts of the alimentary canal [CS] and that she would point
on the chart [CTS] to show the different parts of the alimentary canal. The excerpt also shows that she paid attention
to central ideas such as mouth, oesophagus, stomach, small intestine, large intestine, and anus that she intended
the students to learn. In addition, Jemsa was able to justify why she used the chart and mentioned other teaching
aids she could have used.

Jemsa’s lesson predominantly used the question-and-answer approach. When asked why she used the question-
and-answer approach in her lesson [CTS], she said:“The question and answer is a good method [CTS] since it involves
learners participating in the lesson [SPK]. It helps learners to be active in class and even to think, when | ask questions
[CTS], they should think..... Because when learners give answers, | have to explain [CTS] the main points to them
for them to understand clearly [WD]." In this excerpt, she connected CTS to SPK and WD. She justified the use of the
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question-and-answer approach concerning how it would help students to learn [SPK]. She also indicated that she
would use specific teaching strategies (explaining and asking questions) [CTS] to promote learning. However, this
time she did not mention the main points (central ideas) she was referring to in the excerpt.

Jeff's reflection on CS showed that he integrated CTS. During the lesson, Jeff used several activities in which he asked
learners [CTS] to describe excretion and to mention the excretory organs and products. Furthermore, this was evidenced
in the interview as can be seen in the following interview excerpt:

Researcher: What important concepts did you intend your learners to learn [CS]?

Jeff: | asked learners [CTS] to describe the process of excretion [CS], and | also asked questions [CTS] based on
examples of excretory products [CS]. In addition, | also asked learners [CTS] to state the organs that play a vital role
in excretion [CS]".

Researcher: Could you be specific about the concepts you planned to teach?

Jeff: Oh yes, | wanted the students to describe excretion as the removal of metabolic waste products. As for exam-
ples of excretory products, there is carbon dioxide, urea, excess salts and water. The excretory organs include the
kidney, lungs, liver, and skin specific [CS].

The interview except shows an example of how Jeff integrated CS and CTS. It can be seen that in the first response,
he only mentioned peripheral ideas he expected his students to learn. However, in the response to the follow-up
question, he was able mentioned the central ideas that students were expected to learn.

Furthermore, reflecting on SPK, when asked about learners’ misconceptions in the lesson, Jeff said:“....learners were
confused between the definition of excretion and egestion [WD]. When we talk of egestion, it simply means the removal
of undigested food substances from the body through the anus, but when we talk of excretion, it is the removal of toxic
waste products of metabolism from the body [CS]” He connected SPK to WD and CS. It should be noted that he was
able to refer to specific learning difficult students were having [WD], and the specific central ideas (distinction between
excretion and egestion) [CS] that he intended the learners to comprehend.

In sum, the above results revealed some common and different features in the TSPCK maps. The following noteworthy
revelations: (a) None of the teachers depended solely on a single TSPCK component as they integrated other components
(b) The components CS, SPK and CTS were central in the TSPCK maps of all the teachers (c) All teachers had different pairs
of reciprocal connections (d) All teachers had different pairs of most integrated components. The implications of these
findings are discussed in the next section.

5 Discussion

The study’s findings show evidence that participants integrated the TSPCK components in their reflections-on-action.
The findings show that participants integrated some TSPCK components as they reflected on their lessons on specific
biology topics. Further, results give insight into participants’ pedagogical reasoning as a reflection of their professional
knowledge (TSPCK) level for the taught topics [11]. Marie taught a lesson on the nervous system, Jeff on excretion, and
Jemsa taught a lesson on the topic of holozoic nutrition. The findings revealed four salient features of teachers’integra-
tion of TSPCK components in their reflections. This section discusses each of these features.

The analysis of the data revealed that none of the teachers relied solely on one TSPCK component. This means that
the teachers integrated the TSPCK components among others. However, in light of the nature of PCK, the teachers
integrated the components differently, with Jeff (an out-of-filed teacher) showing the most integrated map compared
to Marie (an in-field teacher). The fact that Marie is an in-field teacher could have influenced her integration of the com-
ponents as she may have more content knowledge in the area compared to the other out-of-field teachers. This finding
is in line with previous studies that show that teachers with high content knowledge usually focus on communicating
that content and tend to have few integration among PCK components [32, 47]. However, differences were observed in
the number and nature of TSPCK components integrated by the teachers. For instance, while Jemsa and Jeff integrated
all five components, Marie only integrated three. There were also differences in the number and nature of pairs of inte-
grated components. These results may be explained by the topic/context/person-specificity of TSPCK as the teachers
taught different topics to different groups of students [25, 27]. However, it should be noted that it may not be possible
for every teacher to integrate all the TSPCK components in a single lesson as some components may not be necessary.
For example, more components were integrated in Jeff's and Jemsa’s reflections than in Marie’s.
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The findings that different components were integrated in participants’ reflections have implications for effective
teaching. The integration of TSPCK components may facilitate the development of participants’ topic-specific PCK [23],
which may improve their teaching. Suh and Park [25] add that coherence in the component integration leads to high-
quality PCK, which may translate into quality learning. Although Poti et al. [43] allude that novice teachers may not always
integrate the TSPCK components in their classroom practices, the current study shows that the participants integrated
some TSPCK components, although they were novice biology teachers. Furthermore, the teachers integrated TSPCK
components regardless of being in-field or out-of-field.

The study’s results concerning the central TSPCK components: curricular saliency (CS), students’ prior knowledge (SPK),
and conceptual teaching strategies (CTS) and the least integrated components: representations (RP) and what makes a
topic easy or difficult to teach or learn (WD) supports previous studies (e.g. [9, 20, 22]). In line with Park and Chen [20],
it may be concluded that participants were more confident in these components (SPK, CTS and CS) than RP and WD.
It may imply that the participants presented the biology content (CS) according to their knowledge of students (SPK),
hence students’needs. According to Alonzo et al. [48], knowledge and integration of SPK enable teachers to link content
to students’ experiences, making learning meaningful. Mapulanga et al. [22] also found that SPK, CTS and CS strongly
influenced how teachers integrated the planned TSPCK components and that RP and WD were least integrated in plan-
ning respiration lessons. Similarly, Park and Chen [20] concluded that knowledge of student understanding (SPK) and
knowledge of instructional strategies (CTS) were central to the integration of PCK components. However, the result that
RP was least integrated contradicts the results of Park and Chen [20]. Furthermore, Mavhunga [23] found that CTS was
least integrated in planning by the pre-service teachers. These variations in the findings on component integration may
be explained by the topic- and context-specificity of PCK.

Although not adequately integrated by the participants in the current study, knowledge of representations (RP) and
students’ learning difficulties (WD) are critical for effective teaching. For example, RP would allow them (teachers) to
connect science concepts with students’ prior knowledge and misconceptions [49], thereby improving learning. Interest-
ingly, all three participants only chose to use charts or diagrams in their lessons. This may indicate that they had limited
knowledge or options of representations to use in their lessons. Also, despite being least integrated by the participants,
knowing what makes topics easy or difficult to teach or learn (WD) is important. It lets teachers know which topics need
dedicated time and attention during lessons. Aydin et al. [13] argue that teachers must know the difficulties their students
present in learning various topics to deliver meaningful lessons.

In terms of the types of TSPCK component pairs integrated, the results reveal that the teachers differed in how they
integrated the components. The participants often integrated different components when reflecting on the same com-
ponents. For example, when reflecting on CS, Marie integrated SPK, Jemsa integrated RP, and Jeff integrated CTS and SPK.
Furthermore, the results show differences in the number and nature of the overall integrations of TSPCK components
across the lessons/topics taught. For instance, Marie only integrated CS, SPK, and CTS components. Jeff integrated all
the components except RP. Both Marie and Jeff did not integrate RP in their reflections. However, Jemsa integrated all
five components into her reflections. The results may imply that not all components may be necessary for every lesson.
These results may also be explained by factors such as topics taught, teachers’ beliefs and attitudes towards teaching,
and the person and or context specificity of PCK. Furthermore, the results confirm the conclusion of earlier studies [13,
20, 22, 23] that integration of PCK is person-, topic- and context-specific. However, integration of the specific component
pairs is critical for effective teaching. For instance, Mapulanga et al. [22] assert that by linking the TSPCK components
(e.g. CTS to CS and CS to SPK), teachers can successfully impart knowledge to learners.

6 Limitations of the study

This study was limited by the small sample (three teachers), which hinders the generalisation of the findings of typical
qualitative research [39]. However, a detailed description of the study’s context was provided, allowing the findings to
be applied to similar contexts. Although the findings were based on evidence from observed lessons, most of the data
were generated through post-observation interviews. Thus, participants may have influenced the results by giving out
expected responses. The other limitation was that only one lesson was observed per participant/topic so the findings
on teachers'TSPCK were limited to the considered lessons as teachers may have different PCK in different contexts and
topics. Another limitation relates to the lack of video recordings of lessons which might have caused us (researchers) to
miss some TSPCK enactment. Also, the constructed TSPCK maps were not products of teachers’ noticing, but the research-
ers. Future studies may observe and video-record several lessons so that the teachers’ TSPCK may be more accurately
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described in each topic over various lessons. Furthermore, teachers' TSPCK could be understood better if they teach
the same topics. Another limitation was that the participants taught different topics, so the results were based on the
description of their enactment of TSPCK in different topics.

7 Conclusions and recommendations

This study examined the TSPCK components science teachers integrated in their reflections on biology lessons. The study
established the components participants drew from as they reflected on their enactment of TSPCK. More specifically,
the study showed that reflections on action revealed participants’integration of the components: curricular saliency
(CS), what makes a topic easy or difficult (WD), students’ prior knowledge (SPK), representations and analogies (RP), and
conceptual teaching strategies (CTS). However, the participants integrated these components in a person- and context-
specific manner. The components SPK, CTS and CS were the most integrated regardless of the topic taught, while RP and
WD were the least integrated. As discussed, these results follow a trend similar to previous studies. Given the significance
of the interactions among TSPCK components in developing the overall PCK structure, it is advantageous to explore the
TSPCK components teachers tend to integrate when reflecting on each component. The study highlights the need for
more research on diagnosing PCK components that teachers mostly lack or have and the difficulty of integrating them
with other components for specific topics. The study’s findings suggest a need to focus on developing the teachers’
TSPCK and interactions among the components in teaching specific topics. Based on the findings, the study made the
following recommendations:

a. To investigate the TSPCK components teachers integrate as they reflect on several lessons in topics that students
find challenging.

b. To support teachers in integrating the least enacted TSPCK components through PCK-based professional develop-
ment programmes

¢. Totrack any changes in teachers'TSPCK integration due to their reflection-on-action.
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