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Abstract 

Pre-service teachers (PSTs) are expected to effectively integrate their content knowledge with their knowledge 
of teaching when teaching classes after qualification. This integration can, however, be challenging for PSTs 
because the two components are often taught separately at teacher education institutions. This qualitative case 
study investigated the possibilities of integrating the teaching of the two components at a South African 
university educating future science teachers. Data in the form of video-recorded lectures, video-stimulated recall 
interviews with a teacher educator, and focus group interviews with 15 PSTs were collected. Data analysis was 
mainly deductive informed by the topic-specific pedagogical content knowledge conceptual framework. Many 
opportunities for integrating methodology were created by the teacher educator while teaching meiosis content. 
The study concludes that integrating methodology when teaching content courses is possible. However, the 
integration should include explicit discussion of the pedagogical reasoning behind the visible teaching routines. 
 
Keywords: teacher education programmes, pre-service teachers, pedagogical content knowledge, topic-specific 
pedagogical content knowledge, meiosis, subject matter representations, curricular saliency, pedagogical 
reasoning 
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Introduction 

Teacher education has a dual purpose: teaching content or making sure pre-service teachers 
(PSTs) learn content (the disciplinary component), and teaching PSTs how to teach that 
content—the professional component (Garbett, 2012). However, the two main models of 
teacher education programme that are used in higher education institutions—the concurrent 
model and the consecutive model (Sederevičiūtė-Pačiauskienė & Vainorytė, 2015)—teach 
these two components separately. At many universities, in the concurrent model, PSTs learn 
the disciplinary studies alongside the pedagogical studies but in separate programmes 
(Zuzovsky & Donitsa-Schmidt, 2017). In the consecutive model, the PSTs first obtain an 
academic degree in the discipline that is related to the subjects that they will teach at schools 
(Sederevičiūtė-Pačiauskienė & Vainorytė, 2015). Thereafter they complete a teaching 
qualification where the pedagogical knowledge needed to teach that particular subject is 
taught, usually a post-graduate certificate in education (Murray, 2005).  

Despite the fact that the two components are taught separately, there is still an expectation 
that the teacher, after qualification, would be able to automatically integrate these two 
components for effective teaching to occur. Experience of supervising teaching experience 
practicals—what Rusznyak and Bertram (2021) referred to as work integrated learning 
(WIL)—has shown that integrating the two components during teaching is a challenge for 
PSTs because they are taught as separate courses at teacher education institutions. Garbett 
(2012) argued that it should be the role of a teacher educator to marry the teaching of content 
and how to teach it during the teaching of PSTs. That was the motivation for this study in 
which we investigated the opportunities for integrating methodology1 when teaching a 
content course to PSTs. 

Nyamupangedengu and Lelliott (2018) argued that there needs to be integration between the 
teaching and learning of content and methodology for PSTs to gain pedagogical content 
knowledge (PCK)—knowledge of how to teach. This PCK would enable them to enter the 
classroom well prepared to teach. It is not known if teacher educators can create meaningful, 
integrative lessons that enable PSTs to learn content and how to teach that content. The aim 
of this study was, therefore, to investigate the opportunities for explicitly integrating 
methodology when teaching a content course to PSTs. The questions that guided our study 
were: 

1. How does the teacher educator teach meiosis (a biology topic) to pre-service teachers? 
2. What opportunities (if any) of integrating methodology with the teaching of content, 

are presented in the way the meiosis lecture is taught? 
3. What are the pre-service teachers’ experiences of the lecture? 

 
 

                                                           
1  The term methodology will be used throughout this paper to refer to methods of teaching. 
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Literature review 

What the literature says about the teaching of pre-service teachers at teacher 

education institutions 

According to Zuzovsky and Donitsa-Schmidt (2017), the way in which PSTs are taught is 
critical because it initiates the PSTs into the teaching profession. In addition, as indicated by 
Musset (2010), the knowledge and quality of future teachers depends, among other things, on 
the teaching that occurs in the teacher preparation programmes. As part of improving the way 
PSTs are prepared for teaching, Rusznyak and Bertram (2021) have argued for a WIL 
experience that integrates the teaching of visible classroom routines (such as the use of visual 
representations and various other teaching strategies) as well as the less visible classroom 
routines that inform a teacher’s decisions in the classroom—also known as pedagogic2 
reasoning. The authors (Rusznyak & Bertram, 2021) argued that successful integration of 
these two components during WIL is essential for PSTs to develop the specialised knowledge 
that they need to be effective teachers once they are qualified. In this paper, as an extension 
to the argument by Rusznyak and Bertram (2021) above, we argue that teacher educators 
should also integrate the teaching of content and methodology, by making explicit the 
classroom routines as well as the pedagogical reasoning behind the visible actions that they 
take when teaching PSTs. This is because, according to Pella (2015), engagement with the 
teacher educator’s teaching as well as pedagogical reasoning helps to shift the PSTs’ initial 
content knowledge to PCK. In this way, PSTs would be exposed fully to the content that they 
are taught as well as how it is being taught.  

Teacher professional knowledge 

Just as with other professions, there is a knowledge base that a qualified teacher should 
possess in order to competently and effectively teach learners. According to Carlson and 
Daehler (2019), teacher professional knowledge comprises of various knowledge bases 
including content knowledge, pedagogical knowledge, knowledge of students, curricular 
knowledge, and assessment knowledge. These knowledge bases are essential foundations for 
teachers to become experts. The integration of content knowledge and the other professional 
knowledge bases in pedagogical reasoning during teaching contributes to the development of 
teacher PCK. Many aspects of these teacher professional knowledge bases are taught in 
methodology courses in teacher preparation programmes and PSTs are expected to integrate 
them in practice during WIL and after qualification, leading to the development of their PCK. 
In this study, we are advocating for teacher educators to show the utility of the these 
knowledge bases by making explicit the pedagogical reasoning behind the classroom routines 
and actions that they display when teaching content courses to PSTs so as to promote what 
Mavhunga and Rollnick (2013) described as fast-tracking the development of PSTs’ PCK. By 
giving the PSTs opportunities to delve deeper into their teacher educator’s pedagogical 

                                                           
2  Rusznyak and Bertram (2021) used the term pedagogic reasoning while Shulman used the term pedagogical 

reasoning. In this study, for consistency with the original source i.e., Shulman (1987), the term pedagogical 
reasoning will be used. 
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reasoning, it is envisaged that they are likely to begin to develop their own pedagogical 
reasoning whilst learning the content that they need to teach.  

Pedagogical reasoning 

Pedagogical reasoning is a term that Shulman (1987) introduced. It describes the process 
when teachers use their professional knowledge to make decisions about what to teach and 
how to teach it (Bishop & Denley, 2007). Pedagogical reasoning is not a simple process of 
just thinking about teaching (Nilsson, 2009) but, rather, a complex process that occurs in a 
cycle of six stages, namely, comprehension, transformation, instruction, evaluation, 
reflection, and new comprehension (Shulman, 1987). Comprehension refers to a teacher’s 
understanding of the content in a variety of ways so that they will be in a position to present it 
in alternative ways when learning difficulties are encountered—as well as an understanding 
of purpose, of learners, and of ideas within and outside the subject area (Shulman, 1987). 
Transformation is a highly complex process that involves critical interpretation of content to 
be taught, representation, selection, and adaptation and tailoring of that content. During 
critical interpretation, teachers engage critically with the subject matter and the teaching 
material in order to design suitable activities for students. Representation refers to anything 
that a teacher uses to make the subject matter comprehensible to others. It can be analogies, 
metaphors, illustrations, examples, explanations, demonstrations, and models (Bishop & 
Denley, 2007; Shulman, 1986). Selection refers to the choices that a teacher has to make 
regarding the activities, models, analogies, and so forth, that the teacher will use in the 
classroom. There are many reasons why teachers would choose certain activities and 
analogies and not others. Principal among them is the teacher’s knowledge of the learners, 
which includes their cognitive levels, their attitudes, and their predispositions towards the 
subject matter. The final stage of transformation is adaptation and tailoring. This is a process 
in which a teacher designs classroom materials and activities specifically for the students in 
the classroom. It is not a case of “one size fits all.” A teacher has to modify the content to be 
taught to make it suitable for the students in the classroom. The modification may involve a 
change to a facet of an activity or to the sequence of concepts to be taught. Some of the 
considerations a teacher has to make include students’ prior conceptions, cultural beliefs, 
gender, ability, and motivation (Geddis & Wood, 1997). Instruction follows the process of 
transformation. It refers to the acts of teaching and learning, which may include the 
presentations of explanations and descriptions of subject matter, questioning and probing 
students, answering questions, and discussing with students. Evaluation includes teachers 
checking for understanding in their students as well as looking at their own teaching to assess 
the effectiveness of the instruction process. Reflection is a process where teachers review the 
teaching and learning that has occurred in the classroom in the light of the educational goals, 
purposes, and ends that were being sought. Lastly, new comprehension refers to the new 
understanding of content to be taught, of students, of purposes, of self, and of the process of 
teaching itself that a teacher gains through the acts of preparation, teaching, evaluating, and 
reflecting (Geddis & Wood, 1997).  
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As can be seen in the description presented above, every stage involves decision-making by 
the teacher—making pedagogical reasoning a rich source of teaching insights for teacher 
educators if it is shared during the teaching of a content course. The description of the 
pedagogical reasoning cycle above also shows that it is a complex process that is not easy to 
retrieve by a teacher in a moment. This means that teacher educators may need to practise 
metacognition if they are to successfully share their pedagogical reasoning with their 
students. In this study, in order to help the participant to relive the original lecture events and 
share her pedagogical reasoning, the authors used the video-stimulated recall interview 
method as described by Vesterinen et al. (2010). 

Conceptual framework 

To guide this study, we made use of the topic-specific pedagogical content knowledge 
(TSPCK) framework by Mavhunga and Rollnick (2013), with a focus on one of the three 
grain sizes of PCK, namely, enacted PCK (Carlson et al., 2019). The TSPCK framework 
describes knowledge that is required by a teacher in order to adequately reason about the 
transformation of concepts of a topic into a form understandable by learners, and enacted 
PCK (ePCK) refers to, 

the specific knowledge and skills utilised by an individual teacher in a particular 
setting, with a particular student or group of students, with a goal for those students to 
learn a particular concept, collection of concepts, or a particular aspect of the 
discipline. (Carlson et al., 2019, p. 84)  

The TSPCK framework was chosen because this study focuses on the teaching of one biology 
topic (meiosis), and it also indicates what teachers need to consider in order to effectively 
reason about the transformation of the content of a topic into an understandable form. The 
framework includes the following components: learners’ prior knowledge (including 
misconceptions), appropriate representations (including analogies) of subject matter for that 
topic, what makes the topic easy or difficult to understand, the place within the curriculum 
that the topic falls as well as the purpose for teaching that topic (curricular saliency), and 
conceptual teaching strategies (Mavhunga & Rollnick, 2013).  

In this study, using the TSPCK framework as the lens, we examined a teacher educator’s 
enacted PCK when teaching meiosis. We focused on the manifestations of the components of 
TSPCK as offering opportunities for integrating methodology during the teaching of a 
content topic.  

Research methods and design 

Research approach 

This was a case study that allowed for the exploration of both the process and the outcome of 
a complex phenomenon, namely, teaching in the real world (Harrison et al., 2017; Zainal, 
2007) which, in this case, was the teacher educator’s classroom. We explored a teacher 
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educator’s teaching of meiosis as well as the outcome in terms of the opportunities for the 
integration of teaching content and methodology, and what the PSTs experienced about the 
teaching of meiosis. The study was an exploratory case study because we explored the 
pedagogical practices of the teacher educator that allowed for the integration of methodology 
when teaching content. This was a qualitative study because it focused on understanding and 
exploring phenomena through “organising data into categories and identifying patterns 
(relationships) among categories” (McMillan & Schumacher, 1993, as quoted in Astalin, 
2013, p. 118). Teacher educators’ ePCK, pedagogical reasoning, and student experiences are 
examples of phenomena that were explored in this study.  

Setting of the study 

The setting of our study was a South African university that uses a unique concurrent model 
of training secondary school teachers. The model is unique in that the content courses are 
taught along with the methodology courses in the same school of education. This means that, 
every week, a PST at this university has periods allocated for attending content courses and 
periods for attending methodologies and this is the arrangement from first year up to fourth 
year. However, it is important to note that, although the programme delineates the teaching of 
methodology courses in relation to content majors, what is taught in methodology courses 
may not necessarily be linked to the content that is covered in the content courses. For 
example, students being taught the topic of genetics in the content course may not be taught 
how to teach genetics, namely, skills and competences associated with the teaching of 
genetics. In addition, the content and the methodology courses at each level are not 
necessarily taught by the same teacher educator, meaning that one teacher educator may be 
teaching the content course while a different teacher educator teaches the methodology 
course. The teacher educator who participated in this study was teaching a life sciences 
content course (focusing specifically on the topic of genetics including meiosis) to fourth-
year PSTs training to be life sciences secondary school teachers.  

Population and sample 

The participants in the study were one teacher educator and 130 fourth-year pre-service 
teachers who were registered for the genetics course. Fifteen of the PSTs gave their consent 
to participate in focus group interviews.  

Data sources and collection 

Data sources for this study were video recordings of three 50-minute meiosis lectures taught 
by the teacher educator, and video-stimulated recall (VSR) interviews with the teacher 
educator to determine the pedagogical reasoning behind the practices observed in the 
lectures. Audio-recordings of focus group interviews with the PSTs were also collected, 
which aimed to determine their experiences of the lectures and to see what pedagogical 
practices they had learned from the course. Although the average number of participants in 
focus group interviews is usually between four and six, our focus group interview consisted 
of 15 participants. This is because when we approached the class with the request, 15 PSTs 
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showed interest and consented to taking part in the interview. All 15 then indicated that they 
wanted to do the interview on the same day, after class, and be done with it because it was the 
last day of the genetics lectures. Seeing their immediate availability and readiness to do the 
interview, we could not divide the group and send others away to find another time for the 
interview. Therefore, we decided to interview all 15 PSTs at one go. In order to overcome the 
negative effects of large focus groups, we made sure to give each PST an equal opportunity 
to express their opinions. This was done by allowing each PST to respond to the questions 
that we were posing and to say what they wanted to say. Allowing each participant to have a 
voice helped to reduce bias within the interview.  

Data analysis 

The analysis and coding of the three data sets mentioned above was deductive because they 
were guided by the TSPCK model.  

Analysis of video recordings 

We familiarised ourselves with what transpired in the lecture by watching each recorded 
lecture twice. We then transcribed the video, during which we wrote out the audio and took 
screen shots of important aspects about the teaching process. The choice of the important 
aspects was informed by the conceptual framework—specifically, the various stages and 
aspects of pedagogical reasoning as described earlier. After transcribing, we coded the 
transcripts. As indicated above, our method of analysis was deductive because it was guided 
by the different aspects of the TSPCK model as well as the various aspects of the pedagogical 
reasoning cycle. However, we were open to new aspects that arose during analysis that were 
not covered by our initial framework and from those, we incorporated an inductive research 
analysis approach (Gabriel, 2013) as we progressed. See Figure 1 for an excerpt of a coded 
transcript. 

Figure 1 

Excerpt of coded video transcript (TE = Teacher educator) 

Coding  

TE: Teacher Educator 

TE So, this is what we are going to look at, what meiosis is, preparation for meiosis, 

process of meiosis and products. (Curricular Saliency – CS) 

 
Comment: Content selection is an aspect of pedagogical reasoning. 
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Coding  

TE: Teacher Educator 

TE Meiosis is linked to reproduction; we want to be clear on some things before we 

go into detail (Teaching strategy-Q & A – Question and answer session) 

 
Comment: Selection of an instruction strategy, an aspect of pedagogical 

reasoning. 

TE  

 Subject matter 

representation – SMR 

Comment: Selection of 

pool noodles as 

representations and 

designing learning 

material, an aspect of 

pedagogical reasoning. 

 

 

 

 

 

Analysis of VSR interviews and focus group interviews 

As with the video recordings, we deductively coded the interview transcripts using the 
TSPCK framework as a guide. Figure 2 is an excerpt of a coded transcript of the VSR 
interviews with the teacher educator. An excerpt of a coded transcript of the focus group 
interviews can be seen in Figure 3.  
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Figure 2 

Excerpt of coded VSR interview (TE = Teacher educator) 

Interview Excerpt 

I: Interviewer    TE: Teacher Educator 

I: You presented the outline of meiosis shown in this screen shot. What was the purpose 
of emphasising these concepts in the lecture? 

 
 

TE:Those cover the whole objective of teaching and learning that topic (Curricular 

saliency - CS). So, I want them to be clear on what the objectives are, so when I say this 
is preparation, they are already able to see so what we mean by preparation, what happens 
during preparation? When we look at processes, they will look at the whole process of 
meiosis to see how this purpose is achieved. So, it was structured so that when they are 
constructing their own knowledge, it’s already structured for ease of storage and retrieval 
(pedagogical reasoning (PR) behind how the TE structured the content for teaching).  

I: What was the purpose of the questions asked at the beginning of the lecture? 

 
 

TE: The questions were on reproduction and reproduction is directly linked to meiosis 
(Curricular saliency). So, I wanted the students to see the link (PR). What we call 
curricular saliency (CS). i.e. why do we look at meiosis and what other topics and 
concepts do you need to know that will help you to understand meiosis. If I teach the 
topic in isolation, they won’t see the relevance, so by asking those question I wanted them 
to see, oh meiosis is linked to reproduction (PR behind today’s questions-discussing the 

connection between the process of reproduction and meiosis so that students can see the 

relevance of the topic).  

I: How did you come up with the idea to use pool noodles as representations for meiotic 
processes? And why did you use these? 
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Interview Excerpt 

I: Interviewer    TE: Teacher Educator 

 

TE: It was really just creativity. I got the idea of using pool noodles when I was struggling 
to figure out visuals that students in a big lecture room can see. The number of students in 
my class was increasing (Context of TE - CTE). Previously I would have 30 students, so 
other things like thread would work to show the behaviour of chromosomes, but 
eventually the number of people increased and went on to 40, to 80 and this year I have 
130. So, I can’t use a thread or a string to represent all the different aspects that I wanted 
them to see (CTE). So, a colleague said why not use pool noodles? They can be seen right 
from the end of the lecture. And when I got the pool noodles (subject matter 

representation - SMR), that’s when creativity set in. I realised that I could actually cut 
them and build structures that would help them to see that initially we don’t see 
chromatids although each chromosome will be made up of chromatids (Subject matter 

representation - SMR). Then we can move as they shorten and thicken. So, making up 
those structures was my creativity trying to figure out how best to use materials. So now I 
actually use so many different materials that I use to model genetics concepts. I no longer 
buy readymade models. Now I focus more on every day stuff, materials that students can 
get. Again, for the purposes of them seeing that you can be creative, that you can use 
every day items (Context of students COS) (PR behind the choice and use of pool 

noodles and other easy to get materials instead of ready-made materials).  

I: Why do you probe students to answer questions instead of giving them the answer? 
(Probing students - PR) 

TE: It’s sort of a constructivist approach where they need to construct their own 
knowledge (PR). So, if I just tell them, then it’s like pouring the knowledge into their 
heads instead of them constructing their own knowledge. And in addition, for my teaching 
to be effective, I want to start from what they know (an indication that the lecturer is 

aware that students bring in prior knowledge), so when I ask a question and they say 
something, immediately I use that response to build on their understanding, although it 
does show immediately in my actions, when I listen to the answers, in my mind, I will be 
assessing what is correct and what is wrong and I’m trying to figure out what it is the 
student’s thinking. So that in the process of probing, I am pushing them to think further 
(PR), I can eventually correct the misconceptions as well as add to the knowledge that 
they have (PR behind probing students for answers-to facilitate knowledge construction). 
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Figure 3 

Excerpt of coded focus group interview 

Ethical considerations

The research study was formally approved by the ethics committee of the faculty of 
at the South African university at which the study was conducted (Protocol Number: 
2019ECE065H). All ethical requirements were adhered to. Permission to conduct the study 
with fourth-year PSTs at the institution was granted by the university head
participants were given a cover letter that clarified the purpose of the study and the nature of 
the research, and each participant signed an informed consent form giving permission to 
include them in the research. To ensure that all inform
access to the data was restricted to the authors of this paper only, and responses to interviews 
were not shared with anyone else. To ensure anonymity of the participants, participants were 
not required to use their names
when responses were used for the final write up of the study. Participants were aware that 
they could withdraw from the study at any time. Arrangements were made for interviews to 
take place at a time and venue that was convenient for all participants.
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Presentation of findings and discussion  

The results of this study showed that: 

1. The teacher educator taught by using a variety of teaching strategies and 
representations. 

2. There were many opportunities for integrating how to teach meiosis methods while 
teaching the meiosis content. 

3. Pre-service teachers’ experiences of the lecture included experiences of the teaching 
strategies and representations that were used by the teacher educator, which seem to 
have created opportunities for the PSTs to reason about the teaching they were 
experiencing.  

Results from the analysis of interviews with the teacher 

educator 

Use of subject matter representations 

The analysis of the video-recorded lectures showed explicit manifestation of subject matter 
representations in the teacher educator’s ePCK. The teacher educator made use of multiple 
subject matter representations, the visible classroom routines (Mavhunga & Rollnick, 2013; 
Rusznyak & Bertram, 2021) including a PowerPoint presentation, diagrams on the 
chalkboard, pool noodles on a board, posters, and hand-drawn labelled diagrams. These 
subject matter representations can be seen in Figure 4.  

Figure 4 

Subject matter representations used by the teacher educator throughout the lecture 

Example Picture 

PowerPoint 

Presentation 
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Example Picture 

An illustration on the 

chalkboard 

 

An illustration using 

pool noodles 

 

Posters 

 

Hand drawn 

diagrams 

 

 

As can be seen in Figure 4, classroom routines (Rusznyak & Bertram, 2021) were present in 
the lectures for PSTs to see. The PowerPoint presentation was the central visual aid used 
throughout the lectures. Use of a PowerPoint presentation was central to the teacher 
educator’s teaching because of, according to her, its diverse and flexible nature as a visual 
aid. She can choose the font as well as the size and colours of that font, add pictures and 
diagrams, and adjust the layout of the slides as needed. She indicated that all of these factors 
aid in grasping the attention of the students so that they are able to focus on the subject matter 
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in front of them and concentrate on understanding the concepts that are being taught without 
getting bored or losing sight of what it is they are learning. Instead of presenting the PSTs 
with slides full of writing, the teacher educator introduced new concepts on the slides point-
by-point, and made use of pictures and diagrams so as not to overwhelm the PSTs with too 
much information at once while also getting the point across. This pedagogical reasoning 
behind the ePCK is what Rusznyak and Bertram (2021) described as the less visible routine, 
which is crucial and must be made accessible to PSTs for better learning gains. The teacher 
educator did not, however, make known to her class this crucial pedagogical reasoning aspect 
of her enacted PCK. Hence, it remained inaccessible to PSTs, which we viewed as a missed 
opportunity for integrating the teaching of content and methodology. 

In addition to the use of PowerPoint presentations, the teacher educator illustrated certain 
concepts through writing on a chalkboard. The teacher educator’s pedagogical reasoning for 
this was: 

To show diversity in the visual aids that can be used in the classroom as well to 
develop and build conceptual understandings together with the pre-service teachers. 

The teacher educator also made use of pool noodles on a board, which was a creative way of 
using every day household objects to create an impactful visual aid. According to the teacher 
educator: 

The illustrations done using pool noodles are big enough to be seen throughout the 
lecture theatre and they succinctly represent the behaviour of chromosomes during 
meiosis, specifically synapses and crossing over. In addition to showing pre-service 
teachers a clear representation of the content, the illustration also shows PSTs that 
they do not need to spend a lot of money buying ready-made models to demonstrate 
processes, but they have the ability to make use of every day, easy-to-find objects.  

The teacher educator also reasoned that because the class size was growing, use of smaller 
representations like pipe cleaners was no longer suitable because they cannot be seen by 
everyone; she had to think out of the box to get a bigger representation that could be seen 
throughout the class. The teacher educator therefore also showed a consideration of the 
changing learning context in her pedagogical reasoning. All of these invisible classroom 
routines are opportunities for integration of methodological aspects that should be made 
visible to PSTs during the teaching of a content course. 

Other subject matter representations used by the teacher educator to demonstrate certain 
processes were strings and posters. These, along with question-and-answer sessions, were 
used to represent the importance of the formation of chromosomes because these concepts are 
often difficult for PSTs to understand. The teacher educator used analogies throughout the 
lecture in order to give PSTs the ability to relate new concepts to experiences that were 
familiar to them. As the teacher educator said: 
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It becomes easier for them to remember because they are able to identify the 
unfamiliar concept with the known and familiar analogy. 

Use of conceptual teaching strategies 

The teacher educator made use of multiple teaching strategies including probing the PSTs for 
answers, initiating class discussions, making reference to textbooks and what is easy or 
difficult to teach, and identifying learner prior knowledge (which Mavhunga & Rollnick, 
2013, highlighted as important aspects of TSPCK for effective teaching). Throughout the 
lecture, the teacher educator probed the PSTs to answer questions instead of her giving them 
the answers, and she provided her pedagogical reasoning behind the probing aspect in the 
video-stimulated recall interview:  

Probing allows PSTs to verbalise their thinking and, in the process of interaction, to 
construct their own knowledge.  

The teacher educator therefore made use of a constructivist approach during her lectures to 
provide opportunities for PSTs to build on their understanding of the concepts that were 
being taught. Through probing, the teacher educator said that she was pushing the PSTs to 
think further. In addition, probing provided opportunities for PSTs to verbalise their ideas and 
thinking, thereby enabling the teacher educator to address any misconceptions that the PSTs 
might have. In this way, the teacher educator was gaining an understanding of the prior 
knowledge of the PSTs (including misconceptions), and she was then able to add to the 
knowledge that the PSTs already had. In addition to probing, after explaining certain content, 
the teacher educator would give the PSTs time to discuss what they had learned amongst 
themselves, and her reasoning was: 

It is only when you verbalise your thinking that you know whether you have 
understood the concept or not.  

The teacher educator also made reference to errors in school textbooks during the lecture in 
order to: 

Highlight some of the weaknesses in the text books that can lead to misconceptions.  

Throughout the lecture, the teacher educator emphasised the importance of understanding 
certain terms. The video-stimulated recall interview showed that the teacher educator knew 
which terms and concepts to emphasise through extensive reading of the research literature 
on genetics teaching and learning. By reading literature, the teacher educator was aware of 
problematic terminology that learners might find difficult to understand (knowledge of the 
learning context). Aside from emphasising the important terms, the teacher educator also 
made sure to mention and explain the links between the topics of meiosis and genetics and 
where DNA, chromatin, and chromosomes fit in. By emphasising these during the lecture, the 
teacher educator ensured that the PSTs were able to understand the terms and concepts as 
well as their importance, which will be essential when they teach their own learners. The 
teacher educator decided to explain the complicated terms before beginning the lesson on 
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meiosis in order to create fluidity within the lecture. Once the teacher educator had begun to 
teach, she would just mention these terms without having to interrupt the flow of the lesson to 
explain the terminology. It is clear to see that the ePCK had many opportunities that could be 
drawn on for purposes of integration. These processes and reasoning were however, never 
made explicit to PSTs. 

Curricular saliency 

A teacher is said to display curricular saliency through their decisions of which aspects of the 
topic that they are teaching they choose to include or withdraw when teaching. They also 
need to understand how the topic of interest fits into the overall curriculum (Rollnick et al., 
2008). The teacher educator demonstrated curricular saliency throughout the lecture in 
various ways, namely, linking meiosis to reproduction through a question-and-answer 
session, emphasising specific terms, analogies, and deciding what was essential for the 
lecture. Curricular saliency also manifested throughout the teacher educator’s teaching as the 
teacher educator made links between specific topics and chose what content to focus on and 
what content to leave out of the lectures. Again, all of these manifestations of curricular 
saliency were opportunities that the teacher educator could have used to integrate and 
emphasise the importance of curricular saliency, a methodological aspect, during the teaching 
of content. 

Results from the analysis of the focus group interview 

An analysis of the focus group interview showed that PSTs gained knowledge of the use of 
subject matter representations from the meiosis lecture. When asked if they felt that they 
would be able to teach meiosis after these lectures, the PSTs reacted positively with certain 
PSTs stating they felt that they would be able to use the different subject matter 
representations to teach meiosis effectively to their own learners:  

Student 3: She made lots of learning aids for us to use, for each stage of meiosis . . . 
and you can use them, for example, representing chromosomes in a Grade 10 class . . . 
bringing a representation to every class and not just a picture, it gives you the 3D and 
it allows you to actually picture what the abstract chromosomes look like.  

Student 4: We would use the same visual aids that she used. 

Student 13: For me, in terms of representations, I feel like I am prepared [to teach].  

The PSTs’ utterances show that while they were learning the content of meiosis, they were 
also learning different ways of representing meiosis concepts from their experiences of the 
teacher educator’s ePCK—the visible routines. The PSTs gained what Rusznyak and Bertram 
(2021) described as an understanding of how the teacher educator conducts a lesson. In a 
number of instances, PSTs reasoned about the observed classroom routines: 
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By asking probing questions, the teacher educator wanted to go through what we 
know and wanted to determine our prior knowledge.  

Instances of pedagogical reasoning such as this one could be seen several times in PSTs’ 
interview transcripts. In the instance above, PSTs showed an awareness that the teacher 
educator could be determining their prior knowledge. This reasoning aligned with the teacher 
educator’s reasoning: 

For my teaching to be effective, I want to start from what they know, so when I ask a 
question and they say something, immediately I use that response to build on their 
understanding . . . when I listen to the answers, already I am seeing what is correct, 
what is wrong and I’m trying to figure out what is the student’s thinking. So that in 
the process of probing, I am pushing them to think further, I am able to correct the 
misconceptions and to add to the knowledge that they have. 

As can be seen above, the students’ and the teacher educator’s reasoning are similar. 
Therefore, if the teacher educator could integrate this thinking in her teaching by making it 
explicit to her class, that would confirm their interpretation of the teacher educator’s 
classroom routines—thereby possibly achieving what Pella (2005) described as a shift from 
content knowledge to PCK. Making PSTs aware of the pedagogical reasoning can lead to the 
PSTs understanding the importance of doing certain classroom routines when teaching such 
as using a question-and-answer strategy. It also shows PSTs how to use a question-and-
answer strategy and build on learners’ prior knowledge, which are strategies that they can 
apply in their own classrooms after qualification. Therefore, PSTs can learn the techniques 
for teaching their own learners in a content course.  

In their interviews, the PSTs made mention of the teacher educator’s strategy of pointing out 
misconceptions in the textbook. For example, Student 10 said: 

In some schoolbooks, there are a lot of misconceptions so, with this lecture, we’ve 
gotten to understand that. This is how it actually happened rather than what we were 
taught in high school.  

In this manner, we could see that the teacher educator was linking content to pedagogy 
because, while teaching the content of meiosis, she was also pointing out to the PSTs how to 
recognise certain misconceptions in order to not pass those misconceptions on to their future 
learners. This is an instance of integration of methodology during the teaching of content. 

Although the PSTs might not know what curricular saliency is, and the teacher educator did 
not mention curricular saliency during the lecture, the PSTs were still aware of the structures 
that the teacher educator was putting into place during the lecture. Furthermore, the subject 
matter that the teacher educator covered in the lecture was aligned to the meiosis content that 
is covered in the Curriculum Assessment Policy Statements (CAPS) curriculum. PSTs, 
however, did experience curricular saliency: 

Student 4: We started with learning the phases of meiosis. 
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Student 2: We learned why meiosis occurs. 

Student 8: I think with meiosis we had to first go through what we already know, the 
prior knowledge. And the prior knowledge was focused on the differences between 
meiosis and mitosis and then we moved on to the actual stages of meiosis and, in 
meiosis, we had to differentiate between the two stages of meiosis and be able to label 
it. 

The PSTs’ responses above present an opportunity for integration of teaching content and 
methodology because through the teacher educator’s process of teaching all the concepts of 
meiosis and determining what the PSTs did and did not know, the PSTs could learn the 
content that they needed to know and the order in which to teach it, and they could also see 
what they needed to cover and do in order to teach meiosis to their own future learners. The 
teacher educator’s curricular saliency therefore allowed the PSTs to know and understand 
essential concepts, different techniques to teach, as well as how to structure those concepts in 
order to portray this knowledge to their learners. The teacher educator’s pedagogical 
reasoning behind these curricular saliency concepts was, however, again not made explicit—
indicating a missed opportunity for integrating methodology during the teaching of content. 

Conclusions and recommendations 

The problem that motivated this study was that many teacher education programmes are 
structured such that content and methodology are taught separately. This makes it difficult for 
PSTs to develop pedagogical content knowledge in an integrated manner (Nyamupangedengu 
& Lelliott, 2018). It had not been determined whether, if teacher educators were able to create 
meaningful and integrative lessons, that would help PSTs to learn content as well as how to 
teach that content. The purpose of this study was therefore to investigate if a teacher educator 
teaching a content course to fourth-year PSTs could integrate methodology aspects, or if there 
were opportunities during the teaching of content for integrating methodology aspects. The 
key findings of the study showed that the teacher educator created many opportunities for 
integrating how to teach meiosis (methodology) while teaching the meiosis content through 
the use of visible classroom routines (including PowerPoint presentations, writing on a 
chalkboard, pool noodles on a board, strings, posters, and analogies). The teacher educator 
also used conceptual teaching strategies such as probing the PSTs for answers, initiating class 
discussions, making reference to textbooks and what is easy or difficult to teach, and 
identifying learner prior knowledge, which are important aspects of TSPCK for effective 
teaching (Mavhunga & Rollnick, 2013). Curricular saliency also manifested throughout the 
teacher educator’s teaching as the teacher educator made links between specific topics and 
chose what content to focus on and what content to leave out of the lectures. The teacher 
educator’s pedagogical reasoning was revealed through video-stimulated recall interviews. 
The pedagogical reasoning and the use of the strategies above demonstrates the opportunities 
that the teacher educator created that could be used to integrate the teaching of content and 
methodology.  
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The use of multiple teaching strategies created these integration opportunities, resulting in 
PSTs gaining PCK through observing how the teacher educator was teaching (visible 
classroom routines). PSTs collectively showed a positive response to the different strategies 
used in the content lecture, stating that they felt they would be able to teach their own 
learners using these strategies. In several instances, the PSTs were able to appropriately 
reason about the purposes of the teaching strategies that the teacher educator was using. This 
appropriate reasoning by PSTs shows that the teaching strategies that teacher educators use 
are opportunities that can be used to develop PSTs’ PCK during the teaching of content. The 
study showed that consideration and application of the TSPCK components during both the 
planning and the teaching enabled the integration of methodology in the teaching of content 
by the teacher educator. This study therefore showed that it is possible to integrate the 
teaching of methodology with the teaching of content. The study, however, recommends that 
the teacher educator’s pedagogical reasoning behind the teaching strategies and the choice of 
representations be made explicit to allow PSTs to reflect and critically engage with the 
teacher educator’s teaching. It is envisaged that this approach would further support the 
learning about teaching that PSTs gain through their experiences of the visible classroom 
routines. 
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