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 Teachers use personal pedagogical content knowledge to filter instructional approaches when 

teaching topics such as force concepts. Understanding teachers’ approaches when teaching is 
important because it provides a window into teachers’ knowledge base. This interpretive, 
qualitative multiple-case study aims to understand three physics teachers’ pedagogical content 
knowledge by examining their approaches to teaching force concepts. Data were collected 
through classroom observations, analysis of lesson plan books and post-observation interviews 
revealed that the teachers explained concepts with illustrations; described experiments and 
made demonstrations and teacher-dominated whole-class discussions. Although teachers’ 
lesson plans didn’t reveal pedagogical approaches, they demonstrated knowledge of science 
curriculum; how students understand science including instructional and assessment strategies. 
These findings imply that teachers’ lack of reflection-on practice may result in low-quality 
instruction and low students’ performance. It was concluded that teaching experience mediates 
teachers’ knowledge of relevant examples, questions to ask and activities to do. 
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INTRODUCTION 

Teachers’ abilities and competences are crucial resources for student learning (Omoruan & Osadebe, 
2020). Physics teachers are no exception because students perceive physics as difficult to understand, 
particularly the concepts of force (Liu & Fang, 2016). Students encounter force concepts in their everyday lives, 
and the conceptions they develop are mostly unscientific. This calls for teachers to possess competences to 
assist students develop scientific understanding of force concepts (Kirya et al., 2022), particularly because 
force concepts are foundational for understanding most physics topics, including electricity (Fulmer et al., 
2014; Geelan, 2020). Moreover, when students are not helped to change non-scientific conceptions early in 
their schooling, it becomes difficult for them to understand advanced physics, mainly Newtonian mechanics 
and other science topics (Spatz et al., 2020).  

The competences that teachers need to assist students develop scientific understanding include knowing 
how to sequence topics and concepts logically and using representations that are easily understood by 
students. Teachers should give students opportunities to experience the content and to judge whether they 
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are satisfied with their preconceptions (Vosniadou, 2019). Notably, teachers should be cautious of how they 
approach teaching; that is, how they promote students’ understanding, and they must ensure they encourage 
knowledge construction, not transmission. 

Teaching approaches that physics teachers should use to teach concepts of force so that they are 
comprehensible to students include relating the concepts to students’ everyday experiences (Maharaj-
Sharma & Sharma, 2017). In addition, physics teachers should use approaches that expose students’ 
preconceptions, that challenge non-scientific views and create an environment that enable students to 
willingly change their views to scientific conceptions (Bryce & MacMillan, 2005). For teachers to succeed in this 
enterprise, literature emphasizes that they should use student-centered approaches, most of which involve 
inquiry. According to Crawford (2007, p. 618), one of the aspects of inquiry teaching approaches “involves 
asking and answering a question and comparing the answer with what scientists already know about the 
world”. However, science classrooms in Lesotho, and elsewhere, do not generally apply approaches that are 
student-centered, or promote knowledge construction (Qhobela & Moru, 2014; Silm et al., 2017), despite the 
Lesotho basic education curriculum policy (LBECP) (Lesotho Ministry of Education and Training, 2021) being 
explicit about the approaches to science teaching that teachers should adopt. The LBECP stipulates that 
student-centered approaches acknowledge that students are different, thus instruction should be thoroughly 
prepared to cater for learners’ differences and facilitate knowledge creation not transfer. 

Although the LBECP is clear about how pedagogical approaches to be adopted in schools, physics 
education in high schools in Lesotho does not seem to be meeting this standard. Anecdotal evidence 
supported by a study done by Blom et al. (2017), reports that science classrooms are still dominated by 
teacher-centered strategies.  

A few studies have been conducted in Lesotho on topic-specific approaches to teaching physics. These 
include examining the feasibility of students’ success when argumentation is used in teaching the topic of 
force (Qhobela, 2012), and an investigation into the impact of the factory of ideas (FOI) teaching approach to 
students’ understanding of energy (Koma et al., 2021). The two studies used specific topics–force and energy, 
respectively–as contexts to study how specific instructional strategies influenced learning. In this study, the 
authors explored physics teachers’ approaches when teaching the concepts of force with the purpose of 
understanding teachers’ pedagogical content knowledge (PCK). 

Examining the approaches used to teach specific physics topics is important, because it gives a window 
into teachers’ PCK, particularly their personal pedagogical content knowledge (pPCK). The study aims to 
explore physics teachers PCK based on the instructional approaches they use when teaching force concepts. 
This is because understanding and revealing teachers’ PCK is one of the essential elements of science 
education research, because a good grasp of PCK is essential for high quality instruction (Chan & Hume, 2019; 
Irmer et al., 2023). Of utmost importance are the elements of teachers’ PCK–enacted and personal–that come 
to the fore during teaching. It is important to know teachers enacted pedagogical content knowledge (ePCK) 
and pPCK, because teachers generally work independently. 

LITERATURE REVIEW 

Teachers’ Pedagogical Content Knowledge 

The five components of science teachers’ PCK, as advanced by Magnusson et al. (1999), constitutes science 
teachers’ knowledge of the science curriculum, how students understand science (KSU), instructional 
strategies (KIS), assessment strategies (KA), and teaching orientations (TO). The way teachers integrate the 
PCK components during planning and teaching reveals both their ePCK and pPCK. Particularly, pPCK is the 
entire knowledge a teacher possesses and developed through teaching experience, students they taught and 
discussions they had with colleagues (Irmer et al., 2023). When confronted with a particular situation, during 
either planning or enactment, teachers draw what makes sense at that moment from their pPCK. 
Consequently, the PCK that is evident from a teacher’s plans and during teaching gives a snapshot of their 
entire PCK.  

Teachers have professional knowledge from which they draw during planning, teaching and reflecting and 
which, thus, guides their teaching practices. PCK is that form of professional knowledge that guides teachers 
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in sequencing topics and concepts, selecting examples and representations and formulating explanations 
(Azam, 2020; Sakaria et al., 2023). To teach physics concepts such as force, teachers should have developed 
PCK, from which they draw when planning how to sequence concepts, and when they select examples, 
representations and activities. 

Studies that explored the interplay among PCK components show that teaching approaches that science 
teachers use are related to their PCK. Soysal (2017) indicates that an experienced elementary science teacher’s 
knowledge of students’ understanding is central when making decisions; that is, when stating the purpose of 
teaching elementary science, the teacher referred to knowledge, skills and competences that students need 
to develop, hence, insinuating activities and strategies to use to develop them. Similarly, Aydin et al. (2017), 
as well as Park and Chen (2012), report that teacher observations and interviews revealed connections 
between other PCK components and knowledge of instructional strategies. Different from reported research 
findings that beginning teachers lack integrated PCK for specific topics, Sæleset and Friedrichsen (2021) 
presented contrasting findings that six pre-service teachers integrated both KSU and KIS at topic level. Rice 
and Kitchel (2016) point out that teachers’ knowledge of content and students greatly informed how they 
broke down content knowledge to help students understand. While Sæleset and Friedrichsen (2021) 
explained that specialized science courses, personal learning experiences, peers and mentor teachers 
contributed to their knowledge and integration of the PCK components. Teachers with KSU, including their 
preconceptions, were likely to know which activities, questions, and representations to give when explaining 
force concepts, thus revealing a connection between PCK components, knowledge of students’ understanding 
of science, and instructional strategies. 

Studies that focused on force concepts mainly portray teachers’ PCK. Loughran et al. (2012) portrayed 
physics teachers’ PCK by compiling content representations (CoRes) and pedagogical and professional 
experiences repertoires (PaP-eRs). The CoRes and PaP-eRs helped reveal teachers’ PCK by eliciting their 
thinking and knowledge of the subject matter that had to be taught, what students knew about force, what 
strategies to use, and why they use them, so that force concepts could be plausible and comprehensible to 
students. Azam (2020) used teachers’ narratives of how they teach force and motion concepts as a way of 
accessing their personal PCK. The two studies used teachers’ self-reports, in the form of answers to questions 
asked about the CoRe, and narratives provided about their practice. Researchers used this information to 
profile the teachers’ PaR-eRs. 

Implementing Inquiry-Based Instruction 

Force is an abstract concept (Bryce & McMillan, 2005) because only its effects can be observed, not the 
concept itself; therefore, it is difficult for most students at different levels of education to comprehend it. 
Consequently, inquiry-based approaches are said to be effective for advancing students’ understanding. 
Literature is replete with studies that recommend the implementation of inquiry-based instruction in different 
subjects (Mataka & Taibu, 2020). For instance, Akçay and Doymuş (2012), Gurcay and Ferah (2017), Mataka 
and Taibu (2020) and Subramaniam et al. (2017) studied the effectiveness of different inquiry-based 
approaches, such as predict, observe, experiment, and apply, and the 5E learning cycle that entails engage, 
explore, explain, elaborate and evaluate. However, Sæleset and Friedrichsen (2021) explored how a first-year 
Chemistry teacher demonstrated responsiveness to students while maintaining a TO of inquiry-based 
instruction. In Lesotho, Qhobela (2012) investigated the use of argumentation when teaching physics in high 
schools in Lesotho, while Koma et al. (2021) investigated the extent to which the FOI teaching approach 
impacted students’ understanding of energy. The studies found the use of inquiry-based approaches to be 
effective for increasing students’ understanding. Nonetheless, research indicates that teachers are still not 
teaching through inquiry (Papaevripidou et al., 2017; Silm et al., 2017).  

Regarding concepts of force, Bryce and McMillan (2005) used bridging analogies as inquiry-based 
approaches to assist students understand action and reaction forces. Furwati et al. (2017) used multiple 
representations as a strategy to improve students’ understanding of Newton’s laws, and the influence of the 
quality of representations when solving Newton’s laws of motion. In both cases, using inquiry-based 
approaches improved students’ understanding. Thus, studies advance the notion that inquiry-based 
approaches are effective in promoting students’ comprehension of force concepts. 
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Nonetheless, myriad factors seem to hinder the implementation of inquiry-based approaches. Particularly, 
inquiry-based learning requires both teachers and students to exert effort and training students to make 
them aware of the methodology (Khalaf & Zin, 2018). Teachers find training students about inquiry-based 
learning to be challenging, because teachers lack knowledge and understanding of the strategy 
(Papaevripidou et al., 2017). Furthermore, lack of resources and the teachers’ personal choices to use teacher-
centred approaches also exacerbate the neglect of inquiry-based approaches in science classrooms (Silm et 
al., 2017). 

As evidenced in the ongoing discussion, research focusing on physics teachers approaches highlighted 
strategies such as bridging analogies (Bryce & McMillan, 2005) and multiple representations (Furwati et al., 
2017). In Lesotho, argumentation (Qhobela, 2012) and FOI (Koma et al., 2021) were investigated. The reviewed 
literature shows that research is selective of strategies to focus on. On the contrary, this study aims to explore 
in entirety the approaches that physics teachers use when teaching force concepts. The rationale for this 
approach is to find out in total how teachers approach the topic so that a wholistic picture of their practices 
regarding the topic of fore concepts.  

RESEARCH AIMS AND RESEARCH QUESTIONS 

This study examined the nature of physics teachers’ approaches during teaching of the concepts of force, 
with the purpose of understanding their PCK. This study is significant because it focuses on teacher activities 
before and during instruction, therefore, providing insights into what informs their actions in class. The study, 
therefore, sought answers to the following questions: 

1. What instructional approaches do teachers use to teach force concepts in grade 11 classrooms? 

2. How do teachers use pPCK to teach force concepts in grade 11 classrooms? 

METHODOLOGY 

Research Design  

The study was conducted in the context of three grade 11 physics classrooms in Lesotho during the 
teaching of the topic of forces. Qualitative multi-case study underpinned by the interpretive paradigm (Cohen 
et al., 2018) was used. Interpretive studies allow researchers to purposely and conveniently select 
participants, and the aim is to undertake in-depth analysis and make meaning out of textual data that is 
collected (Cohen et al., 2018). The research design enabled the researchers to conduct an in-depth study of 
three participants’ instructional strategies, to gain understanding of their PCK.  

Participants  

Three teachers, one with a Bachelor of Science in education (BSc Ed) (mathematics and physics), one with 
a Bachelor of Science (BSc) and a postgraduate diploma in education (mathematics, computer science, and 
physics) and one with a BSc in applied chemistry and physics, constitute the multiple case study. The teachers 
were located at different schools in Lesotho. The participants were purposely selected because they had 
majored in physics during tertiary education, and they were teaching grade 11 physics (Creswell, 2012). 
Convenience sampling was also used, because the researcher who was collecting data wanted to collect data 
at all the schools on the same day. The accessibility of the schools was important, because the topic, concepts 
of force, was taught at the same time at schools. Consequently, if the schools were located very far from each 
other, it would have been a challenge to conduct classroom observations. The participants gave consent to 
participate in the study and they were informed that they were free to cease participation at any stage should 
they feel no more comfortable. Table 1 provides a summary of the demographic data of participants. 

Instruments and Data Collection  

The teachers were observed five times each while teaching the topic, concepts of force. A semi-structured 
observation protocol was used to capture the teachers’ and students’ actions during the lessons, including 
how and what they did when introducing the lesson, how students’ difficulties were addressed, concepts 
explained, and students’ questions responded to, as well as the activities teachers assigned students.  
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Document analysis was also used to collect data; before each lesson observation, the lesson plan was 
collected for analysis, to understand the knowledge bases, as shown in Table 2, that were referenced when 
teachers planned their lessons. After the lesson observations, the teachers were interviewed, to gain an 
understanding of their practice and rationales for the decisions they made. The classroom observations and 
interviews were audio recorded, and the researcher wrote notes during observations, to document teacher 
actions that could not be captured by audio.  

Data Analysis  

After each classroom observation, the researcher listened to the audio recordings to get the whole picture 
of the lesson, after which the recordings were transcribed verbatim. The same was done with the interview 
recordings. The researcher read the transcripts of classroom observations for understanding, and to identify 
PCK episodes as defined by Park and Oliver (2008). The PCK episodes included incidents of teachers 
responding to students’ difficulties, explaining concepts, and applying inquiry-based strategies, such as 
conducting experiments. For each PCK episode, the researcher asked the following questions: What did the 
teacher do? Why did he do it? What does the teacher know?  

To categorize the teachers’ practices, a framework for articulating practices suggested by Dancy and 
Henderson (2007) was used (Table 3). The framework has ten categories of practices; however, in this study, 
only the first three categories–interactivity, instructional decisions and knowledge sources–were used. 
Figure 1 shows how the instructional approaches reflect teachers’ PCK.  

Table 1. Demographic data of teachers 

Teacher Gender Qualification Subjects majored in 
Teaching 

experience 
Class size 

Teaching load/ 
periods per week 

Mr. L Male BSc Ed Mathematics and physics 1 year 50 35 
Mr. C Male BSc and postgraduate 

diploma in education 
Mathematics, computer 
science, and physics 

10 years 48 30 

Mr. M Male BSc in chemical technology Applied chemistry and physics 9 years 25 32 
 

Table 2. Lesson plan analysis protocol 
Aspects analyzed Lesson plan 
Objectives Are they short, measurable, achievable, realistic and time bound? 
Skills Which skills are teachers planning to develop? 
Activities Which activities do teachers plan to give students? (hands-on, discussions, demonstrations, written, 

notes taking, etc.) 
Assessment What do teachers plan to assess? Which assessment methods are they planning to use? 

 

Table 3. Categories of teacher practices (adopted from Dancy & Henderson, 2007) 

Categories of teacher practices 
Practices consistent with traditional 
instruction 

Practices consistent with alternative 
instruction 

Interactivity One-sided discourse, passive Conversation, active students 
Instructional decisions Decisions made by teacher Decisions shared by teacher and students 
Knowledge source Students receive expert knowledge Students develop own knowledge 

 

 
Figure 1. Summary of how teacher practices reflect levels of PCK (Source: Author’s own conceptualization 
synthesized from literature review) 
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FINDINGS OF THE STUDY 

The demographic data of the participating teachers is presented in Table 1. The three participants were, 
coincidentally, all males. Each one of them studied physics at BSc level and had teaching qualifications. The 
findings of the study are presented under three major themes, namely, pedagogical approach practices, 
evidence of pedagogical approaches in lesson plans, and the salient aspects of teachers’ pPCK.  

Pedagogical Approach Practices 

The pedagogical approaches that teachers used when teaching force concepts comprised teacher 
explanations that used illustrations, experiments and demonstrations done by the teacher, as well as 
questioning techniques that lead to discussions. 

Explanations using illustrations 

There were differences and similarities regarding how the teachers explained force concepts. 
Nonetheless, all three teachers explained with the aid of illustrations. Mr. C explained that frictional force is 
not applied only when there is motion, in this way:  

You specified that for force of friction to be applied, objects should be moving in opposite 
directions, so if we have frictional force between the box pushed across the desk that is stationary 
and the box is moving, do we have frictional force in that case? Ok let’s do it when you have this 
book on the desk and you tilt this desk, will the book slide? (teacher tilts the desk). 

Mr. M reinforced his explanation of air resistance by releasing a piece of paper from his hand, and saying,  

If I take this piece of paper and let it fall (releases it), did you observe it as it changed direction? Air 
particles collide with this paper. These air particles are resisting the downward motion of paper. 

Mr. L clarified his explanations with illustrations, as evidenced in his explanation of resultant force:  

Let’s say we have objects like this (draws) in which 20 N and 30 N forces are applied to the object in 
the same direction (draws a small rectangle with two arrows of different lengths, shorter one 20 N longer 
one 30 N facing same direction). What is the resultant force acting upon that block? 

The excerpts indicate that all three teachers explained concepts verbally and reinforced their explanation 
with illustrations, in the form of either a demonstration, diagram, or mathematically. Analysis of Mr. L’s lesson 
plans revealed that he had planned some of the illustrations he made to clarify his explanations. For instance, 
when planning to teach about weight, he had made a diagram in his lesson plan, illustrating how to measure 
weight with a spring balance as shown in Figure 2. 

 
Figure 2. Illustration of spring balance by Mr. L (Source: Author’s collected data) 
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Of importance to note is that the length and logic of the explanations of the three teachers differed. The 
excerpts report the explanations of the teachers: 

When you look at the surface area of contact of the duster and paper you will see that the paper 
has more surface area than the duster. But when you compare their weights, the paper is way too 
light. The surface area is small (duster) but the weight is large when you compare it with this one 
(paper). Since weight of paper is small, air resistance easily stops it from going down. Weight is 
small, as it falls through air, this is going to happen, right? (Mr. C). 

Inertia is the resistance of the object to change in motion, like that one of a car, when people are 
moving in a car, we said they gain the speed of the car. When the car suddenly stops, they resist 
the change in the motion, that is why they have that forward movement. So, inertia means 
resistance to change the state of motion (Mr. L). 

When rubber band is released, it returns to its original length. When elastic material is stretched or 
released the force that it returns with is called elastic force. For example, when you stretch a rubber 
band in a catapult, the rubber is going to push the stone. The force that the rubber is using to push 
the stone is called elastic force. But when that elastic material is stretched, it only possesses elastic 
potential energy, it has energy only (Mr. M).  

 Analysis of the excerpts indicate that Mr. C’s explanation was more logical; he explained step by step why 
a duster will reach the ground before a sheet of paper released from the same height. In contrast, Mr. L and 
Mr. M gave brief explanations, and did not provide justification for the claims they made. Furthermore, Mr. M 
provided a great deal of information that may end up confusing the students. It can, therefore, be concluded 
that Mr. C was clearer and more logical than the other two.  

Experiments and demonstrations 

Interestingly, all three teachers merely described how to perform experiments, even though materials that 
could be used to illustrate were available. When teaching about elastic deformation and, consequently, 
Hooke’s law, Mr. C explained the experiment and demonstrated it with diagrams (Figure 3). This is what he 
said and did: 

We are supposed to do this in the lab, but unfortunately, we don’t have the springs and the weights. 
We will just discuss whatever happens on the board (draws a spring and labels it lo). So, we have this 
spring with its length as lo, its normal length when there is no weight. The expectation is that if you 
hang an object on that spring, you are expecting it to extend. 

 
Figure 3. Illustration of extension of a spring (Source: Author’s collected data) 
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Similarly, Mr. L described the experiment to illustrate elastic deformation this way: 

Mr. L: What happens to the spring when stretched? Maybe you fix the spring on one end and 
suspend a weight on the other end, what happens? 

Student: It stretches. 

Mr. L: What happens when you remove the weight? 

Student: It goes back to its original shape. 

Mr. L: When you hang a load from the spring (draws a load at the end of the spring), this is the length 
of the spring, before we hang a load. 

Although the school science laboratory was equipped with springs and metal discs of different masses, 
Mr. M described how to perform the experiment to illustrate elastic deformation and, thereafter, asked 
students to perform the experiment. This is what transpired in the lesson: 

We are going to determine the extension caused by different forces applied on an elastic material; 
we are going to use a spring. We are going to attach a spring on a fixed point, a retort stand in our 
case, then hang the spring on the stand (shows with a diagram). Measure the original length of the 
spring. We measure the part of the spring which extends, not the hanger (demonstrates with a 
diagram), this is our original length. Afterwards I will supply you with objects of different masses 
which you are going to hang on the spring …  

As the excerpt shows, the teacher described how to perform the experiment. Mr. M did not have written 
lesson plan for this lesson, as a result, it could not be established whether he had planned for it to proceed 
in this way.  

After explaining how to conduct the experiment, Mr. M gave students the opportunity to conduct the 
experiment. However, he provided the procedure and the materials to be used.  

OK, a simple demonstration (suspends a spring on the retort stand and suspends a mass). So, this 
object pulls the spring and increases its lengths, the weight of this object hanging on the spring is 
the force which pulls the spring…after hanging this we measure the new length of the spring, then 
you increase the mass, say to 100 g, and then measure the length of the spring. So, this is the table 
on which you are going to record your results (draws the table). So, this is our table here you write 
these masses that I am going to give you, that is, 50 g, 100 g, 200 g, 300 g, 400, 750 g. 

Analysis of the excerpt reveals that Mr. M provided students with the procedure, explanations of why the 
spring stretches, and the variables to measure. In short, students’ task was to remember what the teacher 
told them and reproduce it by following the steps provided.  

Questioning techniques leading to class discussions 

All three teachers initiated whole-class discussions by asking questions–mostly low-order. For instance, 
Mr. C asked, “what is force?” and “what are the things that affect air resistance?” while Mr. M asked, “does force 
have any effect on the motion of object?” In contrast to Mr. M, Mr. C occasionally followed up with questions 
requiring deeper thinking, such as, “Is it in all cases that we have a push or pull when force is applied?”, after 
which he probed students’ answers and did demonstrations to clarify his questions. Mr. C, therefore, 
attempted to help students reach the level of thinking that he wanted them to attain. Similarly, Mr. L made 
deliberate efforts to ask thought-provoking questions, such as “What do you think causes people in the car 
moving at very high speed to move forward when the car suddenly stops?” 

The discussions in Mr. L’s class followed the following pattern: 

Mr. L: We are going to talk about the effects of force on an object (writes on the chalkboard). How do 
you think force can affect the object? 
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Student 1: I think it can change the speed of an object. 

Mr. L: Give me examples where force can change the speed of an object. 

Student 1: When the box is pushed across the room, frictional force is going to change the speed 
of that object. 

Mr. L: Very good, force of friction can change the speed of an object by decreasing it … How can 
force change the speed of an object? You said it can change the speed of an object; how else can it 
affect it? 

Analysis of the flow of Mr. L’s discussion reveals that he accepted a student’s response without giving 
others the opportunity to express themselves. He concluded the discussion by evaluating the correctness of 
the student’s responses.  

The pattern of Mr. M’s discussion resembles that of Mr. L, as shown by the following excerpt.  

Mr. M: What about direction, you need to explain how direction is an effect?  

Student 1: It changes direction of moving objects.  

Mr. M: Force changes the direction of moving object, even stationary object, it can still change 
direction. Since we are concentrating on motion, we say it can change the direction of motion of a 
moving object. Let us suppose that someone is kicking a soccer ball. That ball is in motion, it is 
moving towards me. As it moves towards me, I kick it in a different direction (demonstrates with a 
duster).  

Mr. M channeled the discussion as if he did not want students to come up with responses outside what 
he anticipated, by saying, for instance, “force has different effects on objects, but here we have to concentrate on 
motion.” When students grasped the direction they had to take, he then accepted one-word answers, and then 
provided the explanation. 

In contrast to his counterparts, whose discussions resembled a recitation of facts, there were many 
occasions when Mr. C’s students asked questions to seek clarification, such as, “when riding on a donkey my 
feet are not in contact with the floor, does inertia apply there?”. In addition, he created an environment for 
students to voice their views regarding what they were discussing. When they were distinguishing between 
mass and weight, one student asked, “Sir, I don’t understand, in hospitals, they usually say go and measure weight. 
That is why I was saying it [bathroom scale] measures weight”.  

Mr. C’s class discussions seemed to involve a mix of teacher-dominated and student-dominated 
discussions. He engaged his students in arguments during discussions of concepts they had learned 
previously, such as when he revised types of force. This was evident when he assisted students to construct 
a conceptual understanding of force. After students had claimed that the word “twist” should be included in 
the definition, he asked them to justify why that should be so: 

Mr. C: Should we add that force is a push, a pull and a twist, or those two are enough? 

Student 1: I think a twist is one type of force. 

Mr. C: Let’s get this straight, will this twist add to these two or is it on its own? 

Student 1: Sir, I think we should add twist because when we twist we apply force, that is when we 
twist the shape of the object is going to change because when we apply force on the object, shape 
changes so when we twist the shape of the object will change. 

Student 2: I think twist is still a push because by twisting you are pushing two parts of the same 
object in opposite directions. 
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Evidence of Pedagogical Approaches in Lesson Plans 

Only two teachers, Mr. L and Mr. M, had written lesson plans. However, both did not have lesson plans for 
all lessons. In some cases teachers had notes and diagrams. Table 4 is an example of Mr. L’s lesson plan, and 
Figure 4 is an extract of Mr. M’s lesson plan. 

A closer look at Table 4 shows that Mr. L planned the classroom activities and the assessment before 
going to class. The pedagogical approach that he seemed to plan, albeit not explicit, is discussion. He stated 
that he planned to ask students to differentiate between two concepts, without listing the actual questions 
he would use. Furthermore, Mr. L’s lesson plan book had areas where he had prepared notes. It was where 
he had prepared how to illustrate resultant forces. 

Figure 5 shows an extract of Mr. M’s lesson plan. The extract shows that Mr. M planned to use discussion, 
drill, and practice. However, Mr. M’s lesson plan was sketchy, and lacked a professional appearance, as there 
were cancelling and unfilled sections. 

In contrast to his counterparts, Mr. C did not have written lesson plans. When asked to explain how he 
planned, this is what he said:  

Preparing for classes, reflecting after class, I have done them and I have seen that it is very 
important for me to go to class knowing what I am going to do. But I don’t do preparations, the 
written ones. I plan I just don’t write this plan down. I read. 

Table 4. Sample of Mr. L’s lesson plan 

 Teacher activities Student activities 
Assessment criteria 

(what to assess) 
Assessment method  

(how to assess) 
1. Ask learners what elastic and 

plastic materials are 
Give their opinions to the 

teacher’s question 
Elastic and plastic material Discussion 

 

 
Figure 4. Illustration of resultant force by Mr. L (Source: Author’s collected data) 

 
Figure 5. Extract of Mr. M’s lesson plan (Source: Author’s collected data) 
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Mr. C agreed that it is important to have lesson plans before presenting the lesson. Nonetheless, he 
acknowledged that, as his career progressed, he stopped writing the plans down. He reported that his 
planning constituted reading through the subject matter he intended his students to learn. It is worth noting 
that Mr. C recognized the importance of planning, and that he admitted that it gave him the opportunity to 
reflect on previous lessons.  

Salient Aspects of Teachers’ pPCK 

This section presents the reservoir of the components of the knowledge bases teachers seemed to draw 
from when teaching. These make up four categories, which are knowledge of the curriculum, knowledge of 
learners, knowledge of instructional strategies, and knowledge of assessment. The study design did not 
include data on teacher content knowledge. 

Knowledge of the science curriculum 

Knowing the goals and purposes of teaching in the school science curriculum is an aspect of science 
teachers’ PCK, particularly their pPCK. The following are what the teachers said about the purposes of teaching 
force to grade 11 students. 

Mr. C: Students should know about friction and air resistance. When they see a parachute, they 
should know what is happening. We are teaching them to be pilots. They should know why the 
plane is like that, why it is designed that way. 

Mr. L: … most of the things that happen around us is because of force, like walking. So, when 
students know this, they are able to explain why we are able to walk. 

Mr. M: … to help students develop the concept of force which can help them even in tertiary 
education, even as they pursue science related careers, they need to have the foundation. 

The three teachers seemed to pursue the same purpose in teaching concepts of force, which was to help 
students understand natural phenomena. Additionally, Mr. M’s purpose was to help students acquire 
knowledge they will need when they continue with their education. In all cases, the teachers’ purposes 
seemed to align with the purposes of the physical science syllabus (Examinations Council of Lesotho, 2020, p. 
4), which is to enable candidates to acquire sufficient understanding and knowledge to  

(1) become confident citizens in a technological world and to take or develop an informed interest in 
scientific matters  

(2) be suitably prepared for studies beyond the LGCSE level in pure sciences or in science-dependent 
vocational courses.  

During teaching, an alignment was observed between the teachers’ purposes and their teaching, thus, 
revealing that they drew from their pPCK. This was evidenced when teachers referred to real-life examples 
and when providing explanations. 

Knowledge of how students understand science 

Teachers’ knowledge of the difficulties that students experience when learning concepts, such as force 
concepts, is indicative of teachers’ pPCK. The three teachers explained that students encounter difficulties in 
understanding force concepts. Mr. C said,  

“problem is with terminal velocity because when saying it is when the air resistance balances with 
the weight it’s not easy for them…”  

Mr. L highlighted that  

“most people believe that for force to occur, objects must be in contact physically,”  

similarly, Mr. M explained that  

“most of the learners have problems identifying the forces.” 
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The excerpts indicate that, although all three teachers were informed by the knowledge of how students 
understand force concepts, each of them had their own personal understanding of what students found 
difficult, hence, they had different pPCK. The teachers, therefore, drew from their pPCK and explained force 
by referring to real-life examples: behavior of passengers in a moving vehicle when it suddenly stops; the feel of 
upward force when one pushes hand in water. In this way, they assisted students to relate what they were 
learning to what they already knew. Moreover, teachers used different representations, such as diagrams, 
demonstrations, numbers and gestures. This was taken as an indication that the teachers knew that students 
differed intellectually. Moreover, Mr. L’s objectives reported that knowledge of students’ differences informed 
his planning.  

Knowledge of instructional and assessment strategies 

Knowledge of pedagogy itself, particularly knowledge of content-specific instructional and KA, is indicative 
of teachers’ pPCK. Mr. M’s lesson plans and notes, as well as the teaching and learning in the classrooms of 
all three teachers, revealed that they know representations of force concepts. The teachers’ knowledge of 
instructional strategies was evident in their various representations and demonstrations and their ways of 
describing experiments and concretizing abstract concepts. Moreover, they varied their pedagogical 
approaches, such as whole-class discussions, lecturing, questioning and experimentation. They coupled the 
different strategies with thought-provoking questions, as was the case in Mr. C’s classroom. 

DISCUSSION 

This study examined the nature of physics teachers’ approaches when teaching concepts of force, with the 
purpose of understanding their PCK. Unlike most studies that examine science teachers’ instructional 
approaches that focus on a particular approach (Hoffenberg & Saxton, 2015; Koma et al, 2021; Qhobela, 2012), 
this study explored, in totality, the approaches that physics teachers use when teaching concepts of force. 
Specifically, the study was guided by two research questions: what instructional approaches do teachers use 
when teaching force concepts in grade 11? and how do teachers use their personal PCK to teach force 
concepts in grade 11? It was found that teachers used a variety of pedagogical approaches such as providing 
explanations with illustrations as well as demonstrations and experiments and asking questions that led to 
class discussions. The results led to promising results which advance related literature. The key findings are 
discussed based on the two research questions. 

What Instructional Approaches Do Teachers Use to Teach Force Concepts in Grade 11 
Classrooms? 

The results show that all three teachers constructed explanations as a strategy to teach force concepts. 
The teachers helped students understand the concepts of force by constructing verbal explanations and 
reinforced them with illustrations in the form of diagrams and demonstrations. Constructing explanations is 
a scientific knowledge and skill that all students learning science should develop. However, the teachers did 
not teach students how to construct explanations. Teaching students to construct explanations comprises 
teachers; defining; making the rationale for scientific explanations; and modelling and connecting them to 
every-day explanations (McNeill & Krajcik, 2008). Given that there were no incidents where teachers explicitly 
taught students how to make explanations mean that they held traditional beliefs about physics and teaching. 
This is because Mulhall and Gunstone (2008) emphasize that teachers who hold traditional beliefs about 
physics focus on explanations using formulas while paying little or no attention to students’ conceptual 
understanding. While those who held conceptual views encourage students to make their reasoning explicit 
and create situations where students improve with input from other students’ not from teacher. Therefore, 
the three teachers in this study could be viewed as holding traditional beliefs, although they may not be on 
the same point on the continuum.  

Moreover, the nature of the explanations was consistent with the features of explanations as presented 
by Geelan (2020). Similarly to the findings of Cabello et al. (2019), the teachers’ explanations were clarified by 
demonstrations with readily available materials such as pieces of paper, duster and students’ desks. To 
further make the concepts more explicit, teachers referred to students’ real-life experiences such as riding in 
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a speeding car. The results support those of Irmak and Yılmaz Ergül (2024) who reviewed literature about 
instructional approaches used by physics teachers and found hands-on activities, think-pair-share, practical 
reasoning explanations and discussion as dominant instructional approaches to teaching physics. However, 
in this study, teachers were the ones who did most of the hands-on activities through demonstrations and 
illustrations with either pictures or mathematically. This suggests that teachers had limitations regarding how 
to actively engage students in constructing own understanding.  

All but one teacher did not do experiments. The teacher whose students did an experiment told students 
what to investigate, provided the materials they had to use, and told them how to conduct the experiment, 
and what variables to measure and manipulate. Thus, the experiment was meant to confirm what students 
had been taught (Tsakeni, 2019). Perhaps the unavailability or limited number of laboratory materials, as well 
as time constraints, could be the reason why the teachers’ pedagogical practices were not fully inquiry-based 
(Silm et al., 2017).  

Furthermore, the teacher never engaged his students in inquiry-based learning when constructing 
explanations, it can be concluded that the teacher’s PCK to implement inquiry was very limited. As explained 
by Tsakeni (2019), it is not fair to expect teachers who have not experienced inquiry to be able to teach through 
inquiry. To address this challenge, in-service science teachers should participate in professional development 
activities aimed at helping them teach through inquiry. To avert problems related to the availability of science 
materials and equipment, teachers should use technology, such as simulation, as a means of enhancing 
inquiry learning.  

Although all three teachers used similar strategies, there were differences in how they enacted them. The 
approaches represented the entire spectrum of practice, from traditional lecture-driven lessons to open-
ended inquiry (Clores & España, 2023; Crawford, 2007). In general, the teachers’ approaches can be 
characterized as inquiry, however, two of the three teachers used the strategies in a more traditional and 
lecture-driven manner. In agreement with Döş et al. (2016), two teachers mostly asked closed-ended 
questions that did not provoke thinking and to give detailed explanations to promote students’ 
understanding. As a result, the teachers were the ones who provided most of the information during 
explanations, instead of their students.  

How Do Teachers Use pPCK to Teach Force Concepts in Grade 11 Classrooms? 

Although the strategies that all three teachers used could be categorized as inquiry, the way teachers 
enacted them did not have aspects of inquiry. This is because in most of the activities, students were not 
actively engaged. They contributed minimally when developing explanations, designing and performing 
experiments as well as performing demonstrations. Teachers were more active than the students as they did 
almost all activities. That the teachers involved students minimally could be due to various factors, such as 
limited PCK to enact inquiry-based strategies, beliefs about teaching and learning science, personal choice, or 
limitations on time (Papaevripidou et al., 2017). This is because inquiry-based instruction requires teachers to 
design activities where students connect observations and theory (Wagner et al., 2020). 

Moreover, the teachers did not write lesson plans before teaching. One teacher explained that he planned 
by deciding on the concepts and/or subject matter to teach, and how to sequence it. The other teacher had 
written lesson plans for some of the lessons, although they were sketchy and did not reflect pedagogical 
reasoning they engaged in. The last teacher had notes and representations in the form of illustrations in the 
book that he referred to as lesson plan book. It was therefore concluded that the teachers did not plan the 
activities they did during the lessons, as there was no evidence of planning in the lesson plan books. Rather, 
what teachers did were a result of in-the-moment actions or responses to address classroom situations, an 
indication of well-established PCK (Carpendale & Hume, 2019). This was an interesting finding, because, on 
the one hand, it could mean that the teachers had rich PCK and pPCK because they were able to respond to 
students’ needs by easily drawing from a repertoire of demonstrations and examples without having had to 
plan what might be difficult for students and, thus, how they would help students should the problem come 
up during the lesson (Morris, 2024). But the teachers’ responsiveness to students’ needs was high yet 
enactment of strategies did not seem to indicate that they know how students learn is a point for concern. 
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Absence of lesson plans could mean that the teachers’ lesson planning competency level was low (Süral, 
2019); that is, the teachers lacked the skills and knowledge to develop lesson plans that incorporated 
important aspects of learning. When teachers do not take the time to reflect on instruction during lesson 
planning, they deprive themselves and students of opportunities to design interesting and thought-provoking 
activities that have the potential to advance learning and PCK. Furthermore, lack of planning of instructional 
activities may result in giving students activities that do not necessarily address the intended purpose thus 
resulting in students developing misconceptions (Lestari et al., 2019).  

As explained that the teachers’ lesson plans were not informative, it was not easy to approximate teachers’ 
pPCK for planning. During teaching, teachers drew from their pPCK and enacted it in response to classroom 
events (Carlson & Daehler, 2019). This finding suggests that by failing to allot time to plan, which is an 
opportunity for reflection-on the lesson and thus improve teaching, the teachers were deprived of the 
opportunity to develop pPCK. Carlson and Daehler (2019) explain that, during planning, teachers contextualize 
the collective PCK to align with their school, classroom and students’ contexts.  

CONCLUSION AND IMPLICATIONS/RECOMMENDATIONS 

This paper explored the pedagogical approaches that three physics teachers used when planning for and 
during teaching force concepts, to understand their pPCK. The paper reports that lesson plans did not provide 
information regarding knowledge bases that the teachers drew from, including their pPCK. However, during 
teaching, the teachers’ pedagogical approaches seemed to reveal some elements of inquiry-based teaching. 
Of importance to note is that, on the inquiry-based spectrum, their approaches were inclined more towards 
traditional lectures. It can, therefore, be concluded that teachers did not afford themselves opportunities to 
develop their pPCK, by not dedicating enough time and effort to reflect on teaching during the planning phase 
of professional practice. Consequently, even the teacher who seemed capable of enacting inquiry-based 
approaches did not do so, because he did not dedicate time and effort to thinking about the pedagogical 
approaches to use; instead, he focused on the content he had to deliver. For teachers to develop pPCK, they 
should reflect on their teaching practice by participating in completing research-based tools, such as CoRes, 
and engage in professional development activities, such as lesson study. Since writing lesson plans seems to 
be a daunting job for teachers, we, therefore, recommend that  

(1) future studies should ask teachers to articulate how they plan and map their pPCK and  

(2) that opportunities be created for teachers at different schools to interact, with the purpose of enabling 
knowledge transfer and developing pPCK. 

This study has potential limitations; however, the main one is the small sample size. The number of 
physical science teachers was very small as only three teachers participated in the study. Three teachers are 
not representative of the whole population of physical science teachers in Lesotho; therefore, the findings of 
this study cannot be generalized to other physical science teachers although they may apply to them. It is 
therefore recommended that a large study be done to establish if these results are applicable to the 
population of physical science teachers.  
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