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CHAPTER I

INTRODUCTION

This chapter introduces the significance, aims and anticipated outcomes, and 

delimitation of the study. At the end of this chapter, the important terms introduced in 

this study are operationally defined and an organization of the thesis is also presented.

Significance of the Study

In Thailand, teachers are widely accepted as ‘the heart of the learning reform’

because they are the most significant and indispensable component in the teaching

and learning processes occurring in classrooms (Office of Rajabhat Institute Council,

2002). Teachers additionally play an important role in facilitating learning and

development of students who are regarded as an indicator of success in economy,

society, politics, education, culture, science and technology development (Pornsrima,

2002) and an important resource of the nation in the future (Secretariat of the Teacher

Council, 1994).

To acquire competent teachers, teacher preparation programs are significantly

involved. The importance of teacher preparation and the responsibility of the

government in improving teacher preparation are enshrined in various Thai

governmental laws, that is, Section 52 of the National Education Act (1999), the

National Education, Religion and Culture Plan (2002-2006) and Chapter 3 of the

Ninth National Economic and Social Development Plan (2002). The improvement of

teacher preparation is presented, for example, as:
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… improving the teacher production process for acquiring a good and

competent person for the teaching profession by developing ethics and

morality along with academic and teaching skills within the standard quality

assurance in all aspects including supporting prospective teachers to develop

themselves continually in order to catch up with academic progress (National

Economic and Social Development Board, 2002: 41 italics added).

To cultivate science teachers in Thailand, generally, science teacher

preparation programs provide two main categories of courses in relation to content

and pedagogy. In the context of Rajabhat University, for example, the curriculum to

prepare physics teachers can be shown as Table 1.1.

Table 1.1  Rajabhat University Curriculum for Preparing Physics Teachers

Section Credit Total credits
1. General education

• Science, Mathematics and Technology
• Language and Communication
• Social Studies
• Humanities

9
9
6
9

33

2. Specialized education
• Physics Content
• Teaching Profession
• Teaching Practice

o Methods and Approaches in Teaching Physics

70
25
10
[3]

105

3. Free elective 10

Total credits 148
Source: Office of Rajabhat Institute Council (2002)

However, content and pedagogy courses in science teacher preparation

programs are holistically seen as disjointed because preservice science teachers often

learn pedagogy separately from content and are seldom provided with the integrated

and specific information about how to teach particular science concepts to specific
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types of students (Porter and Brophy, 1988). Preservice science teachers also derive

strong experiences in memorizing factual knowledge from both courses, which is

often not meaningful for them, and rarely applied, in their classrooms (Tuan and

Kaou, 1997). In addition, science teacher educators rely heavily on theory, lectures,

textbook reading and teacher-centered instruction rather than practice and experience

enhancement. They still emphasize to what extent prospective teachers acquire

knowledge rather than how they apply acquired knowledge to various instructional

purposes (Cochran, DeRiuter and King, 1991; Secretariat of the Teacher Council,

1993; Thailand Research Fund, 2000; Office of the National Education Commission

[ONEC], 2000; Pornsrima, 2002).

The separation between science content and pedagogy in combination with an

over-emphasis on teacher-centered instruction in science teacher preparation

programs cause several negative effects on preservice science teachers, that is, they

lack the ability to teach science in different contexts and to accomplish science

curricula, and confidence in teaching (ONEC, 2000). In addition, most importantly,

they lack an understanding about how to represent science content in ways that are

personally meaningful and potentially accessible to students; in other words, they lack

pedagogical content knowledge (PCK) (Tobin and McRobbie, 1999; Raizen and

Michelsohn, 1994 cited in Kelly, 2000). According to Shulman (1987: 8), PCK is

conceptualized as “an understanding of how particular topics, problems, or issues are

organized, represented, and adapted to the diverse interests and abilities of learners,

and presented for instruction.”

A lack or limitation of PCK in preservice science teachers may be regarded as 

a weakest point of science teacher preparation programs (Murray, 1998) and a 

primary constraint potentially affecting the quality of science teaching and learning 

(Abel and Roth, 1992). That is, even though a prospective science teacher, who lacks 

PCK, understands science content well, he/she may face difficulties in transforming 

content knowledge he/she possesses into meaningful units for instruction to facilitate 

student understanding of targeted science concepts (Veal, 1998; Bell, Veal and 

Tippins, 1998; Zembal-Saul, Starr and Krajcik, 1999). In contrast, prospective science 
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teachers, who have PCK, are able to transform their content knowledge into 

comprehensibly pedagogical forms, which are suitable to students’ abilities and 

backgrounds and focus on students’ thinking and understanding, and to respond to 

students with appropriately diverse explanations (Gudmundsdottir, 1987; Smith and 

Neale, 1989 cited in Rovegno, 1992). Undoubtedly, prospective science teachers’ 

PCK are positively linked to students’ understanding and achievement of science 

(Carpenter et al., 1989 cited in Rovegno, 1992).

Therefore, helping prospective science teachers be able to integrate their 

science content and pedagogical knowledge to become PCK for effective classroom 

practice is considered as a major role of, and a high priority for, science teacher 

preparation programs (Brown and Borko, 1992 cited in Manouchehri, 1997; Tuan and 

Kaou, 1997). For instance, the vision of Office of Rajabhat Institute Council (2002) 

aims at preparing prospective science teachers to:

… have strong subject matter knowledge; be able to create a learning process

to suit the needs and nature of learners; adapt teaching strategies to be

compatible with a rapidly changing society in the future; and be able to

motivate learners to develop themselves to their full potential. (italics added)

Grossman (1990 cited in van Driel, de Jong and Verloop, 2002) has identified 

four potential sources for PCK development: (a) disciplinary education, (b) 

observation of classes, both as a student and a preservice teacher, (c) classroom 

teaching experiences and (d) specific courses or workshops during teacher education. 

In particular, regarding the fourth source, among various courses in teacher education 

programs, the literature strongly suggests a subject-specific methods course as a 

potential place for studying and developing preservice teachers’ PCK because, during 

the teaching and learning processes in this course, preservice teachers are inspired and 

provided with opportunities to think about a subject matter in an instructional 

perspective, to integrate content and pedagogical knowledge, to practice teaching and 

to reflect on acquired knowledge and experiences (Grossman, 1989: 25; Lederman

and Gess-Newsome, 1999; Veal, van Driel and Hulshof, 2001).
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Because of the importance of the methods course as a potential place for 

developing preservice teachers’ PCK, the researcher is interested to understand the 

current situation of teaching and learning in a methods course in Thailand. Therefore, 

the researcher conducted a preliminary study of the Methods of Teaching Science and 

Technology for Elementary Level Course in the first semester of the 2002 academic 

year at one public university in Bangkok in order to gain in-depth information about 

the teaching and learning processes conducted, the preservice science teachers’ 

development of knowledge and skills, and problems associated with the course.

The Methods of Teaching Science and Technology Course is a 16-week

compulsory course for third-year preservice science teachers studying in the Bachelor

of Education degree. This course was taught by two female course instructors and

there were 30 third-year preservice science teachers (11 males, 19 females) enrolled.

The teaching and learning took normally four periods per week.

The researcher made approximately 40 hours of classroom observations by

presenting as a non-participant observer. At the end of the course, the course

instructors were individually interviewed about goals of teaching, learning theories,

expected learning outcomes, opinions about the preservice science teachers’

development, teaching problems, roles of a teacher and learners and suggestions for

further improvement of the course. In addition, the preservice science teachers were

asked to respond to an open-ended questionnaire concerning their expectations of the

course, aspects they have learned, roles of teacher and learners, characteristics of an

effective science teacher, learning problems and things that should be added to the

course.

The researcher analyzed the data derived from field notes and transcripts by

coding, categorizing and interpreting. Also, the preservice science teachers’ responses

to the open-ended questionnaire, with an 80% rate of response, were coded,

categorized, the frequency counted in each category and calculated for the percentage

and interpreted. Following are the findings of the preliminary study.
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Most preservice science teachers expected to learn methods of teaching

science in the methods course, while a few of them expected to learn methods of

teaching science combined with science content. At the end of the course, few of

preservice teachers expressed that they had learned science content in the course.

However, although few science concepts were introduced by the course instructors,

these concepts were not deeply illustrated. Oftentimes, the course instructors raised

daily-life examples and situations, but they were not clearly described in a scientific

manner. The course instructors additionally seldom reviewed preservice teachers’

prior knowledge and experience and linked them with targeted concepts taught.

Most preservice science teachers reflected that they wanted to learn a variety

of methods and techniques for teaching science and expected that this kind of

knowledge would help them succeed in their future teaching career. Nearly half of

them perceived that a science teacher should play a key role as a facilitator, who is

responsible for promoting effective science teaching and learning, and that

corresponded with the course instructors’ view. To be an effective science teacher,

nearly half of the preservice teachers stated that teachers should teach by raising a

variety of daily-life applications of topics intended to be taught followed by

emphasizing students receiving first-hand experiences.

Nearly half of the preservice science teachers indicated that they faced no

problems in learning in the method course. However, at the end of the course some of

them commented about teaching experience like: “I knew about the methods of

teaching, but I lacked teaching experiences.” This was contrasted with what the

course instructors emphasized: “I emphasized to the preservice science teachers both

theory and practice.”

In sum, most importantly, the preliminary study revealed that the methods

course instructors seldom provided the preservice science teachers knowledge

concerning how to teach specific science concepts to particular types of students. This

indicated a lack of linkage between content and pedagogical knowledge taught in the

science methods course. In other words, preservice science teachers’ development of
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PCK was not explicitly and strongly addressed in this course. Accordingly, in the

context of science teacher education, there is a need to revise the science methods

course to be a potential place for helping preservice science teachers integrate their

content and pedagogical knowledge or developing their PCK.

The learning to teach process does not only occur during university-based

courses such as the methods course, but it also takes place during field experiences

such as teaching practice in schools (Brickhouse and Bodner, 1992 cited in Bradford

and Dana, 1998; Geddis and Roberts, 1996 cited in Geddis and Wood, 1997).

Teaching practice appears as one of the indispensable parts of teacher preparation

programs, which give preservice teachers opportunities to practice teaching, develop

their understanding about teaching and learning and also PCK (Poster, 1996). Many

studies indicated that preservice teachers’ PCK can be constituted and influenced by

several factors in teaching practice: (a) school context and culture (Grossman, 1989;

Rovegno, 1994; Tuan, 1996; Adams and Crockover, 1997; Tuan and Kaou, 1997;

Amade-Escot, 2000); (b) experiences in practical setting including teacher-student

interactions in classrooms (Gimmett and MacKinnon, 1992; Kagan, 1992; Cochran et

al., 1993; Tuan, 1996; Veal, 1998; Bell et al., 1998; van Driel, Verloop and de Vos,

1998; Turner-Bisset, 1999; van Driel et al., 2002; Appleton, 2003); (c) discussions

with more knowledgeable and experienced colleagues (Branette and Hodson, 2001);

and (d) supervisory meetings with cooperating teachers and university supervisors

(van Driel et al., 2002; Appleton, 2003). Therefore, teaching practice appears as one

of potential places to study preservice teachers’ development and implementation of

PCK.

Although PCK appears as an important attribute needed for all preservice

teachers, little is known about how various aspects of PCK are activated, integrated

and transformed in real practice (Rovegno, 1994; van Driel et al., 1998). Particularly

in Thailand, there is no research to study how the preservice physics teachers develop

PCK from participating in the physics methods course and how they develop and

implement PCK during their teaching practice in secondary schools.
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Research Aims and Anticipated Outcomes

This research aims to study: (a) how, and to what extent, the preservice

physics teachers develop PCK from participating in the PCK-based Physics Methods

Course; and (b) how, and to what extent, they develop and implement their PCK

during teaching practice.

When finishing the study, the researcher expected the following outcomes:

- the guiding principles underpin the PCK-based Physics Methods Course and

teaching strategies, learning activities, teaching materials and assessment employed in

the course are useful for other methods course instructors in creating their own

methods course for developing their preservice teachers’ PCK;

- the findings that emerged during the preservice physics teachers’ teaching

practice are useful for science educators, university supervisors and cooperating

teachers in helping their preservice teachers develop and implement PCK during

teaching practice; and

- the findings of this study are useful for policy makers, university

administrators, physics and science educators and other stakeholders in improving the

teaching and learning processes of the science education program for enhancing

preservice science teachers’ development and implementation of PCK.

Delimitation of the Study

This study is divided into two main phases. The first phase, which was

conducted in the PCK-based Physics Methods Course in the second semester of the

2004 academic year at one Rajabhat University in Bangkok, aims to study how, and to

what extent, the preservice physics teachers develop their PCK from participating in

the course. The participants were four third-year preservice physics teachers, who had
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been studying in the four-year Rajabhat University Curriculum to become physics

teachers in the Bachelor of Education degree.

The follow-up second phase was conducted in the first semester of the 2005

academic year during teaching practice in secondary schools of four preservice

physics teachers, who had already completed the PCK-based Physics Methods Course

in the first phase of the study, to study how, and to what extent, they develop and

implement their PCK during teaching practice.

Operational Definition of Terms

Six important terms introduced in this study are operationally defined as

follows.

1. Pedagogical content knowledge

Pedagogical content knowledge (PCK) is defined as “an ability of a preservice

physics teacher to transform physics content knowledge he/she possess into forms that

are understandable to students with variations in understanding, abilities and

characteristics by using appropriate representations, instructional strategies and

assessment.” The preservice physics teachers’ PCK can be represented from their

understanding of: (a) overall conceptions or purposes of teaching physics; (b) key

ideas of structure, goals, learning standards and content of the physics curriculum; (c)

key ideas of constructivism and constructivist teaching strategies; (d) students’

prerequisite concepts, alternative concepts and learning difficulties; (e) key ideas of

formative, authentic and summative assessment methods and instruments; combined

with their ability to integrate all of this understanding into lesson plans and classroom

practice. Accordingly, PCK consists of five major knowledge components: (i)

orientations toward teaching physics; (ii) knowledge of science curriculum with

respect to physics; (iii) knowledge of students’ learning in physics; (iv) knowledge of

instructional strategies for teaching physics; and (v) knowledge of assessment in

physics.
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2. PCK-based Physics Methods Course

The PCK-based Physics Methods Course is the research intervention created

to help the preservice physics teachers, who participated in this study, develop their

PCK. It is a 3-credit, 16-week requirement course that substitutes the Methods and

Approaches in Teaching Physics Course (1023607) within the specialized education

courses in the four-year Rajabhat University Curriculum for preparing physics

teachers in the Bachelor of Education degree.

The guiding principles, which are derived from the literature review, underpin

the learning activities conducted in the PCK-based Physics Methods Course and were:

(i) using constructivism as an epistemological basis of the teaching and learning

processes conducted in the course; (ii) requiring the preservice physics teachers to

prepare pre- and post-lesson plans, discuss about written cases, derive experiences

from teaching and observing other teachers’ teaching, perform micro-teaching and

reflect on knowledge and experiences acquired from the course; (iii) using a course

instructor as a role model of PCK teaching of force and motion; and (iv) using

formative and authentic assessment in assessing the preservice physics teachers’

learning outcomes. Up to this, the learning activities conducted in the course can be

divided into four main periods: preparation for PCK development, classroom

observation and cases discussion, PCK modeling of force and motion and micro-

teaching. All of these periods aim not only at helping the preservice physics teachers

develop each knowledge components of PCK, but also at encouraging them to

integrate all knowledge components into PCK.

3. Teaching Practice Course

The Teaching Practice Course is a 5-credit, requirement course, within the

specialized education courses in the four-year Rajabhat University Curriculum for

preparing physics teachers in the Bachelor of Education degree. This course is

normally conducted in the first semester of the fourth-year of the study. In this course,

the preservice physics teachers are given the opportunity to practice physics teaching
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in secondary schools for one semester under supervision of cooperating teachers and

university supervisors. The preservice physics teachers have to complete the PCK-

based Physics Methods Course, which is conducted in the second semester of the third

year of the study, before subsequently taking the Teaching Practice Course.

4. Preservice physics teacher

The preservice physics teachers were the preservice teachers who have been

studying in the four-year Rajabhat University Curriculum for preparing physics

teachers in the Bachelor of Education degree. In the third year of their study, the

preservice physics teachers were require to participate in the PCK-based Physics

Methods Course, which was conducted in the second semester of 2004 academic year.

Subsequently, in the fourth year of the study, they were required to perform teaching

practice in secondary schools, which took place in the first semester of 2005 academic

year.

5. Cooperating teacher

The cooperating teachers are the inservice physics or science teachers who

were officially assigned from secondary schools to supervise the preservice physics

teachers during their teaching practice in those schools. Each school normally assigns

one cooperating teacher for each preservice teacher; however, this depends on an

agreement between Rajabhat University and the school. The general responsibilities

of cooperating teachers are: (a) giving the preservice physics teachers feedback,

comments and suggestions regarding teaching and working during their teaching

practice in schools; and (b) evaluating the preservice physics teachers’ teaching at

least four times a semester. Also, the cooperating teachers must work collaboratively

with the university supervisors to enhance the preservice physics teachers’ knowledge

and abilities in teaching.
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6. University supervisor

The university supervisors are the university lecturers who are officially

assigned from Rajabhat University to supervise the preservice physics teachers during

their teaching practice in secondary schools. Normally, Rajabhat University assigns

one university supervisor for a pair of preservice physics teachers. The general

responsibilities of university supervisors are: (a) giving the preservice physics

teachers feedback, comments and suggestions regarding teaching and working during

their teaching practice in schools; and (b) evaluating the preservice physics teachers’

teaching at least twice a semester. The university supervisors must also work

collaboratively with the cooperating teachers to enhance the preservice physics

teachers’ knowledge and abilities in teaching.

Organization of the Thesis

This thesis is divided into seven chapters. The first chapter introduces the

significance, aims and anticipated outcomes, delimitation, and operational definition

of terms related to this study. Chapter 2 is a review of the literature on PCK,

constructivist teaching and learning and force and motion concepts, which serve as

the theoretical and analytical foundations of the study.

The methodology employed and background information about research

participants and settings including the preservice physics teachers, the secondary

schools and students, the cooperating teachers and the university supervisors are

presented in Chapter 3.

Chapter 4 provides the details of research intervention, i.e., the PCK-based

Physics Methods Course, and its underpinning guiding principles. Chapter 5 to 6

presents the results of four preservice physics teachers’ development of PCK from

participating in the PCK-based Physics Methods Course and their development and

implementation of PCK during teaching practice, respectively.
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The findings of the preservice physics teachers’ development and

implementation of PCK from the PCK-based Physics Methods Course to teaching

practice are summarized and discussed in Chapter 7. Several recommendations that

emerged from the study are additionally proposed.



CHAPTER II

REVIEW OF LITERATURE

This chapter involves the review of research concerning pedagogical content

knowledge (PCK), constructivist teaching and learning, and force and motion

concepts that the researcher used as the theoretical and analytical frameworks in

illustrating and analyzing the preservice physics teachers’ development of PCK and

also as the guiding principles in creating the research intervention, namely, the PCK-

based Physics Methods Course blending constructivist teaching and learning and

force and motion concepts together with a major aim at helping the preservice physics

teachers develop their PCK.

Teacher Education and PCK

One of major goals of teacher education in Thailand is preparing preservice

teachers to have strong content knowledge and to be able to create the teaching and

learning processes to suit the needs and nature of learners (Office of Rajabhat

University Council, 2002). However, learning to teach is a complex process and

preservice teachers encounter various problems or difficulties along the process

(Zembal-Saul, Blumenfeld and Krajcik, 2000). One major difficulty for preservice

teachers is how to select the most appropriate ways to represent targeted concepts to

make students understand them; in other words, how to transform content knowledge

into comprehensible forms being suitable with students’ backgrounds and to respond

to them with appropriately diverse explanations (Gudmundsdottir, 1987; Roehler et

al., 1987; Roth, 1987; Wilson and Wineburg, 1988; Carpenter et al., 1989; Cochran et

al., 1993; Rovegno, 1994; Meredith, 1995; Halim and Meerah, 2002). This difficulty

is believed to have arisen from preservice teachers’ lack or limitation of PCK (Borko

and Putnam, 1996; Eick, 2000; Hulshof and Verloop, 2002).
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Thus, a crucial task of teacher education is helping preservice teachers to

acquire or develop PCK (Geddis, 1993; Borko and Putnam, 1996; Tuan, 1996),

because the development of PCK in preservice teachers strongly affects the quality of

their teaching (Turner-Bisset, 1999; Gess-Newsome, 1999) and also students’

understanding and achievement (Kinach, 2002). In particular to science teacher

education, an understanding of PCK and its influences on preservice science teachers’

practice are necessary for fostering the further improvement of science teaching as

well as science teacher education (Magnusson et al., 1999). However, most preservice

science teachers indicated that science teacher education does not usually bring a

major influence on their PCK (van Driel et al., 1998).

Conceptualization of PCK

1. Shulman’s original conceptualization of PCK

PCK was originally conceptualized by Shulman (1987) as “an understanding 

of how particular topics, problems, or issues are organised, represented, and adapted 

to the diverse interests and abilities of learners, and presented for instruction (p. 8).” 

In other words, PCK represents “the capacity of a teacher to transform the content 

knowledge he or she possesses into forms that are pedagogically powerful and yet 

adaptive to the variations in ability and background presented by the students (p. 15).”

To sum up, according to the original conceptualization of PCK proposed by

Shulman (1987), PCK consists of two distinctive knowledge components: (a)

knowledge of students’ preconceptions, alternative conceptions, learning difficulties

and characteristics with respect to specific topics; and (b) knowledge of

representations of specific topics to make them accessible to, or comprehensible for,

students with diverse abilities and backgrounds.
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2. Elaboration of Shulman’s conceptualization of PCK

Shulman’s (1987) original conceptualization of PCK have been subsequently

elaborated by many scholars including Grossman (1989), Tamir (1988), Marks

(1990), Cochran et al. (1993), Fernandez-Balboa and Stiehl (1995), Geddis and Wood

(1997) and Magnusson, Krajcik and Borko (1999).

In view of Grossman (1989: 25), PCK consists of four knowledge 

components: overarching conceptions of purposes for teaching a specific subject;

knowledge of curriculum and curricular materials in a particular field; knowledge of 

students’ understandings and potential misunderstandings of a specific subject; and

knowledge of instructional strategies and representations for teaching particular 

topics.

Tamir (1988 cited in de Jong, Ahlee, Goodwin, Hatzinikita and Koulaidis,

1999: 45) presented PCK as consisting of four knowledge components, that is,

knowledge of curriculum of specific topics, knowledge of pupils’ prior conceptions

and conceptual difficulties in specific topics, knowledge of appropriate teaching

activities, and knowledge of evaluation.

From the empirical study, Marks (1990) generated a complete picture of PCK

and argued that PCK is composed of four knowledge components: knowledge of the

subject matter for instructional purposes; knowledge of students’ understanding of the

subject matter; knowledge of media for instruction in the subject matter; and

knowledge of instructional processes for the subject matter. He additionally argued

that these knowledge components appear to be “highly integrated.”

Based on a constructivist point of view, Cochran et al. (1993) modified

Shulman’s conceptualization of PCK and renamed PCK as “pedagogical content

knowing” (PCKg) to acknowledge the dynamic nature and active processes of PCK

development. In their model, PCKg is conceptualized as “a teacher’s integrated

understanding of four components of pedagogy, subject matter content, student
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characteristic, and the environmental context of learning (p. 266).” These knowledge

components are integrated and interrelated and can no longer be considered as a

separate entity. To apply their idea to teacher education, Cochran et al. suggested that

“the four components should not be acquired first and then somehow put together, but

rather preparation programs should promote integration by having teachers

simultaneously experience the PCKg components (p. 268).”

The importance of the integration of knowledge components of PCK is also

emphasized in the work of Fernandez-Balboa and Stiehl (1995). In their view, PCK

consists of five knowledge components, that is, knowledge of subject matter,

knowledge of students, knowledge of instructional strategies, knowledge of the

teaching context, and the teaching purposes of the teacher. Teachers’ PCK is not

dependent solely on the development of each component; rather, it depends strongly

on the integration of all components. The appropriate integration of teacher’s

knowledge components of PCK may be the “most crucial ingredient to their success”

that does not seem to be a linear process.

Regarding the process of subject matter transformation, Geddis and Wood

(1997: 612) argued that PCK consists of five knowledge components: knowledge of a

range of subject matter representations; knowledge of learners’ typical

preconceptions; knowledge of effective instructional strategies; knowledge of

curriculum materials; and knowledge of curricular saliency of the particular subject

matter for the curriculum as a whole.

In the context of science education, Magnusson et al. (1999: 97) conceptualize

PCK for science teaching as consisting of five knowledge components: orientations

toward teaching science; knowledge of science curriculum; knowledge of students’

understanding of specific science topics; knowledge of assessment in science; and

knowledge of instructional strategies for teaching science. The relationship of these

components and their sub-components can be depicted as in Figure 2.1.
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Figure 2.1  Components of PCK for Science Teaching

Source: Magnusson et al. (1999: 99)
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of PCK are highly integrated and the interactions among them are highly complex.
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components can be problematic in developing and using PCK, and increased

knowledge of a single component may not be sufficient to effect change in practice

(p. 115).”

3. Summary of conceptualization of PCK

There are four main arguments that can be drawn from the review of

conceptualization of PCK.

Firstly, PCK is commonly seen as a result of integration of two knowledge

bases, that is, content and pedagogical knowledge. It represents a distinctive body of

knowledge for teachers in transforming their content knowledge into forms that are

comprehensible for students with variations in abilities and backgrounds.

Secondly, PCK is involved with teachers’ understanding about how to teach

specific topics effectively. Therefore, it can be distinguished from content and

pedagogical knowledge in general.

Thirdly, even though the conceptualization of PCK has been elaborated by

many scholars and “there is no universally accepted conceptualization of PCK” (van

Driel et al., 1998: 676), all scholars have agreed that PCK consists of at least two

major knowledge components: (a) knowledge of representations of specific topics to

make it comprehensible to students; and (b) knowledge of students’ preconceptions,

potential alternative conceptions and learning difficulties of specific topics.

Finally, knowledge components of PCK are believed to be highly intertwined,

interrelated and integrated and the interactions among them are highly complex. And

PCK is believed as being developed from the integration of all knowledge

components of PCK.



20

Development of PCK

 The development of PCK is identified as a multifaceted, complex and non-

linear process that does not occur suddenly. Rather, it is gradually and progressively

developed over time through the processes of planning, teaching and reflecting of a

particular subject matter (Bell, Veal and Tippins, 1998; Magnusson et al., 1999;

Clermont, Krajcik and Borko, 1994).

In addition, the development of PCK is seen as an individualized process. That

is, each teacher has his/her unique path of PCK development or unique process of

transformation of content knowledge (Tuan and Kaou, 1997). For example, teachers

who share the same major field may propose remarkably different ways to represent

content of the same topic they are required to teach (Chen and Ennis, 1995).

1. Factors influencing PCK development

There are several potential factors that influence teachers’ development of

PCK as the following.

1.1 Content and pedagogical knowledge

As mentioned earlier, PCK originates from the integration between two

knowledge bases—content and pedagogical knowledge. These knowledge bases,

therefore, influence teachers’ PCK development (Marks, 1990; Borko and Putnam,

1996; Magnusson et al., 1999; Gess- Newsome, 1999).

Teachers’ PCK is strongly influenced by their content knowledge (Marks,

1990; Rovegno, 1992; Even, 1993; van Driel et al., 2002). This can be evident from

the significant difference of PCK between teachers who teach out of the area of their

expertise (Schempp, Manross, Tan and Fincher, 1998). Up to this, Smith and Neale

(1989: 17) argued that PCK development is unlikely to occur, if teachers lack a

“deeply principled conceptual knowledge of the content.” Therefore, teachers’
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thorough and coherent understanding of the subject matter is regarded as a

prerequisite of their PCK development (van Driel et al., 1998; Magnusson et al.,

1999).

However, having only robust content knowledge is insufficient for

teachers in transferring central ideas or concepts of a particular subject matter to make

them comprehensible to students. Teaching for student understanding also requires

teachers’ deep pedagogical knowledge in order to ensure that core ideas or concepts

of a specific subject matter can be effectively represented to all students (Marks,

1990; van Driel et al., 1998; Zeidler, 2002).

As we have seen both content and pedagogical knowledge, therefore,

serve as an essential basis for teachers’ development of PCK and possessing either

content or pedagogical knowledge in isolation cannot efficiently influence teachers’

PCK development because the development of PCK requires the integration of both

knowledge domains (Zeidler, 2002: 31). The more teachers are able to integrate

content and pedagogical knowledge, the greater their PCK is developed (Tuan, 1996).

1.2 Teaching experience

PCK strongly affects teaching and, in turn, is heavily influenced by

experience in teaching (Loucks-Horsley and Mutsumoto, 1999). The teacher’s

development of PCK is seen as an integrative process rooted in classroom practice by

which he/she develops PCK from multiple opportunities to: (a) teach specific content

to specific students within specific contexts; and (b) observe and reflect on his/her

own teaching and others in a particular content area (Kagan, 1992; Cochran et al.,

1993; Gudmundsdottir, 1995; Tuan, 1996; van Driel et al., 1998; Veal, 1998). In

addition, teaching experience in combination with the familiarity with a specific topic

can positively contribute to teachers’ development of PCK (van Driel et al., 1998).

Therefore, teaching experience is generally accepted as one important

factor influencing teachers’ PCK development (Gimmet and MacKinnon, 1992;
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Cochran et al., 1993; Tuan, 1996; Veal, 1998; Veal et al., 1998; Bell et al., 1998; van

Driel et al., 1998; van Driel et al., 2002; Appleton, 2003). This explains why

preservice or novice teachers usually lack PCK or possess little PCK (van Driel et al.,

1998; van Driel, Beijaard and Verloop, 2001).

Up to this, in the context of teacher education, preservice teachers’ PCK

can be developed by giving them adequate teaching experiences over time (Halim and

Meerah, 2002) that include both authentic experiences from teaching by themselves

and from observing the course instructor’s and classmates’ teaching (van Driel et al.,

2002).

1.3 School context and culture

Many PCK studies revealed that school context and culture have a strong

impact on teachers’ development of PCK (Grossman, 1989; Cochran, et al., 1993;

Rovegno, 1994; Tuan, 1996; Tuan and Kaou, 1997; Adams and Crockover, 1997;

Amade-Escot, 2000). In turn, PCK leads teachers to understand school context in

particular to student learning and classroom setting (Carlsen, 1999). In the context of

teacher education, a cooperating teacher is indicated as one of the influential persons

in the school, who has a potential to influence preservice teachers’ development of

PCK during their field experiences in the school (Veal, 1998).

1.4 Meeting with university mentors

In the context of teacher education, meeting with university mentors can

improve preservice teachers’ PCK with respect to knowledge of students’ learning

difficulties and specific practical teaching strategies (van Driel et al., 2002). Up to

this, the role and experience of university mentors are very important and influence

preservice teachers’ development of PCK (Appleton, 2003).
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1.5 Internal constructs

The teacher’s internal constructs influence their PCK development and

include attitudes (Amade-Escot, 2000), perceptions (Tuan and Kaou, 1997) and

beliefs (Fennema and Carpenter, 1989; Meredith, 1995; Peterson, Veal, 1998)

concerning content, learners and learning, and teachers and teaching. From their

importance, Chen and Ennis (1998) labelled the teacher’s internal constructs as a

personalization that is a salient factor that influences his/her development of PCK.

1.6 Reflective ability

Teachers develop PCK over time through the process of reflections of

teaching experiences derived from classroom practice (Grimmett and MacKinnon,

1992; Fernandez-Balboa and Stiehl, 1995; Branett and Hodson, 2001; van Driel et al.,

2002). Hence, teachers’ reflective ability is being regarded as one of the important

factors influencing their PCK development (Gimmet and MacKinnon, 1992; Tuan,

1996; Loucks-Horsley and Mutsumoto, 1999).

2. Methods course as a place for PCK development

Courses in teacher education programs are proposed as one of potential places

for developing preservice teachers’ PCK (Grossman, 1990 cited in van Driel et al.,

2002). Among various courses in teacher education programs, a subject-specific

pedagogical coursework such as a methods course is prominent because it represents

the most logical and potential place for preservice teachers to acquire or develop their

PCK by thinking about the subject matter in the instructional perspective (Grossman,

1989).

Specifically, by employing various factors influencing PCK development as

previously noted into the science methods course, which aims to help preservice

science teachers develop their PCK, the teaching and learning processes conducted in

the course should provide preservice teachers with the opportunities to: (a) integrate
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science content knowledge learned from Faculty of Science and pedagogical

knowledge learned from Faculty of Education; (b) derive experiences in teaching by

themselves and observing the methods course instructor’s and peers’ teaching; (c)

develop attitudes, perceptions and beliefs concerning science content and science

teaching and learning that are essential for PCK development; and (d) develop

reflective ability.

In addition, discussion about cases, which contain specific dilemmas of

teaching and learning of particular topics, is presented as a tool for developing

teachers’ PCK. For example, Barnett (1991) found that subject-specific cases used in

the case-based curriculum play a critical role in expanding and deepening teachers’

PCK with respect to pedagogical thinking and reasoning. However, the development

of PCK cannot be accomplished by using only a single case—the use of a variety of

cases is needed. In their study, Daehler and Shinohara (2001) found that case

discussions help teachers not only expand their content knowledge, but also develop

PCK with respect to what makes content difficult or easy to students and what

instructional strategies potentially help students understand content. They additionally

suggested that cases should contain an appropriate amount of content necessary for

teachers to develop their PCK and the questions employed during case discussions

should be closely and appropriately linked with content presented in the cases.

Assessment of PCK

Assessment of PCK is neither simple nor obvious (Baxter and Lederman,

1999) because the teacher’s PCK is a highly complex construct including both

internal and external constructs that is constituted by three main aspects: what the

teacher knows, what he/she does and the reasons for his/her actions (Baxter and

Lederman, 1999). The assessment of PCK that focuses only on any single aspect of

PCK in isolation may lead to the distorted interpretation of PCK. To capture all

aspects of PCK, a combination of methods is required (Baxter and Lederman, 1999)

because there is no single method or straightforward process for assessing all aspects

of PCK (Loughran, Milroy, Berry, Gunstone and Mulhall, 2001). The collection of
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data from multiple sources is also very important for assessing PCK (Baxter and

Lederman, 1999). The combination of using multiple data collection methods and

collecting data from various sources for assessing teachers’ PCK is corresponded with

the “multi-method evaluation” termed by Baxter and Lederman (1999: 154). There

are three main features of the multi-method evaluation: (a) using the combination of

different tasks and instruments to collect data; (b) triangulating the data obtained from

multiple sources; and (c) inferring or interpreting the obtained data to generate a

general profile of the teacher’s PCK (Kagan, 1990). The multi-method evaluation

leads to methodological and data triangulation of the obtained data that are useful in

cross-validating and corroborating the convergence of interpretation of PCK.

In addition, because the teacher’s PCK is slowly developed over time through

the processes of planning, teaching and reflecting of a specific subject matter, his/her

PCK cannot be captured or assessed within only one single period or lesson. Instead,

the researcher must track the teacher’s development of PCK over a considerable

period of time (Magnusson et al., 1999; Loughran et al., 2001).

From the literature, various methods can be combined to become the multi-

method evaluation for assessing teachers’ PCK.

1. Classroom observation

Classroom observation is required in assessing the teacher’s PCK with respect

to what a teacher does or how the teacher transforms content knowledge into

classroom practice, which is a critical aspect of PCK (Baxter and Lederman, 1999).

However, the heavy reliance on the data from classroom observation may present a

distorted view of teachers’ PCK because: (a) a level of consistency between teachers’

observed actions and their knowledge is highly variable (Baxter and Lederman, 1999:

158); and (b) PCK is partly an internal construct that cannot be directly observed

(Kagan, 1990). Thus, the combination of classroom observation with other collection

methods is needed to generate the complete picture of teachers’ PCK.
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2. Interview

Interview is one of methods that is widely used to study PCK because of its

flexibility and ability to be employed with multiple data sources and combined with

various data collection methods. Interview can be used to assess teachers’ PCK with

respect to what they know and the reasons for their actions that cannot be captured by

classroom observation. The data derived from interview can serve as additional data

to triangulate and supplement the data from other methods such as classroom

observation.

3. Lesson preparation method

A lesson preparation method was proposed by van der Valk and Broekman

(1999) as a potential approach to assess preservice teachers’ PCK. Using this method,

preservice teachers are required to prepare a lesson about a specific topic for

particular students within the conditioned context, that is, preparing the lesson in an

equipped room with an absence of textbooks within limited time. Preservice teachers

are subsequently interviewed about their created lesson plans. Van der Valk and

Broekman found that the lesson preparation method potentially stimulates preservice

teachers to express their PCK and also prompts them for further development of PCK.

4. Case method

Case method can be employed to assess teachers’ PCK with respect to what

they know by requiring them to respond to the questions regarding the specific

dilemmas of teaching and learning situated in the case. For portraying insights into

PCK, cases should feature the classroom reality that include a complexity of authentic

teaching and learning situation involving specific concepts and teaching strategies.

The major components that should be included in each case are: (a) an introduction of

the classroom; (b) a description of participants such as the teacher and students; (c) an

explanation of problems or dillemmas; (d) a description of interactions that occurred

in the classroom such as a dialogue between participants; and (e) a possible major
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event or situation worthy of attention (Bell et al., 1998; Veal, 1998). However, using

only one case is insufficient to capture the complete picture of PCK; therefore, the

combination of cases is required (Loughran et al., 2001).

5. Portfolio

Teachers’ PCK is slowly and gradually developed over time; accordingly, the

summative portfolio can be used as a tool to track their development of PCK

(Lowery, 2002). Up to this, a variety of documents such as lesson plans, homeworks,

assignments, tasks, test, journals and so forth collected in teachers’ summative

portfolio can potentially show what and how aspects of their PCK are developed.

Teacher Education and Constructivism

The process of learning to teach in the teacher education program is regarded

as a constructivist process because along the process preservice teachers construct or

develop their understanding about meaningful and effective teaching and learning by

interpreting acquired knowledge and experiences on a basis of their existing

knowledge, beliefs and experiences (Cobb, Wood and Yackel, 1991; Tobin and

Tippins, 1993).

The influences of constructivism on teacher education potentially occur in two

major ways: (a) an application of the constructivist theory as a basis of teaching and

learning processes; and (b) the explicit use of the constructivist theory as the content

of study. In this instance, using only one of these two modes would probably reduce

the effectiveness of the teacher education program (Oxford, 1997).

In the Thai context, constructivist teaching and learning is strongly

emphasized. For instance, in Section 22 of the National Education Act (1999):
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Education shall be based on the principle that all learners are capable of

learning and self-development, and are regarded as being most important. The

teaching-learning process shall aim at enabling the learners to develop

themselves at their own pace and to the best of their potentiality (ONEC, 1999:

10)

Taking this into consideration, all teachers, including preservice teachers, are

expected to understand the constructivist theory and to be able to conduct

constructivist teaching and learning in their own classrooms.

Therefore, according to Oxford (1997), the constructivist theory should

address the content of study in the teacher education program. In addition, preservice

teachers should have direct experience as learners in the constructivist learning

environment, which would like them to re-create in their future teaching (Tatto,

1999), because the literature indicated that preservice teachers tend to teach in a way

they were being taught rather than in a way they were being told or required to teach

(Duit and Treagust, 1995). Learning in the constructivist environment not only

encourage preservice teachers to readily understand and practice the constructivist

theory and methodology, but it also helps them to become aware that a teacher’s role

is not transmitting knowledge to students, but facilitating students’ construction of

knowledge (Brooks and Brooks, 1999). Also, the teacher educator’s modeling of

constructivist teaching in specific courses in the teacher education program is

proposed as one of potential ways to enhance preservice teachers’ possibility to

implement constructivist teaching in their classrooms (Kroll and LaBosky, 1996 cited

in Abdal-Haqq, 1998).

To apply the constructivist theory in the teacher education program, teacher

educators should seek out preservice teachers’ existing knowledge, beliefs and

experiences and use them as the guidelines to select, design and employ the learning

activities that have a potential to help preservice teachers link their existing

knowledge, beliefs and experiences with those they are intended to acquire from the

program. Changes of preservice teachers’ knowledge structures require learning
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opportunities that support an in-depth examination of their existing and acquired

knowledge and experiences (Ashton, 1992 cited in Tatto, 1999). Subsequently,

preservice teachers should be encouraged to test, evaluate and re-organize their ideas

constructed from the program by applying them in various situations (Plourde and

Alawiye, 2003).

Social Constructivism

According to the constructivist perspective, knowledge is not passively

received; rather, it is actively constructed within an individual’s mind through the

interaction with the world on the basis of their existing knowledge and experiences

(Applefield, Huber and Moallem, 2000). Therefore, each individual has his/her own

path and outcome of knowledge construction depending on his/her existing

knowledge and experiences (Colburn, 2000). Knowledge, in the constructivist view, is

not seen as a set of universal or absolute truths; rather, it is seen as a set of working

hypotheses that tends to be tentative, subjective and personal (Airasian and Walsh,

1997).

Social constructivists place a locus of knowledge on the social factors and

interactions. Knowledge is seen as socially constructed and embedded in a particular

context or setting (Cobb and Browers, 1999 cited in Woolfolk, 2004). In other words,

knowledge is constructed when individuals are socialized and encultured. Social

factors (e.g., culture, language and community of practice) and social interactions

(e.g., sharing, debating and negotiating) are the crucial parts in the process of

knowledge construction (Silvan, 1986; Hendry, 1996; Phillips, 1997; Woolfolk,

2004). In the social constructivist view, separating an individual from social

influences and analyzing cognition separately from the social aspect are regarded as

impossible (John-Steiner and Mahn, 1996; Palincsar, 1998).

In Vygotsky’s view (1962; 1978), knowledge is socially constructed through

the process of socialization, internalization and scaffolding, and mediated by

language. The process of socialization consists of reciprocal interactions and joint
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construction of meaning between an individual and others in the sociocultural context

(Silvan, 1986). When an individual is socialized, the process of internalization occurs.

With respect to this process, an external activity that the individual has perceived is

reconstructed and begins to occur internally—an interpersonal process is converted

into an intrapersonal process (Vygotsky, 1978).

The process of scaffolding requires the active involvement of both a learner,

who would be socialized and assisted to acquire knowledge and skills, and a more

knowledgeable member of the culture, who supports the learner’s learning. A major

goal of scaffolding is leading the learner to reach the level of development or the zone

of proximal development (ZPD) that he/she could not achieve alone.

…[Zone of proximal development] is the distance between the actual

developmental level as determined by independent problem solving and the

level of potential development as determined through problem solving under

adult guidance or in collaboration with more capable peers (Vygotsky, 1978:

86 italics in original).

To reach the ZPD, the processes of interaction, negotiation and collaboration are

needed (Palincsar, 1998). When the learner reaches this zone, the assistance from the

more knowledgeable persons would be gradually reduced and the learner would

gradually become capable of full and autonomous participation, and take fully

responsibility in his/her learning (Silvan, 1986; Hodson, 1998).

Some social constructivists argued that the construction of knowledge takes

place and is situated within the context. Learning occurs when people participate, take

responsibility, and transform their understanding in the sociocultural activities of their

community (Rogoff, 1984; Lave, 1988; Oxford, 1997). To learn, a learner must

enculture in a community of practice, which is a set of relations between persons,

activities and the world (Lave and Wenger, 1991; John-Steiner and Mahn, 1996). To

enculture, the learner must penetrate the culture and participate in an authentic

activity, which is simply defined as the ordinary practices of the culture that enables
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the learner to act meaningfully and purposefully. In this way, learning is inseparable

from activities in which it is produced (Brown et al., 1989; Nyikos and Hashimoto,

1997).

Constructivist Learning, Teaching and Assessment

1. Constructivist learning and learners’ roles

In the constructivist view, a learner is not viewed as tabula rasa or a blank

slate. Instead, the learner comes to the classroom with a variety of existing

knowledge, beliefs and experiences. When interacting with new experiences, the

learner interprets those experiences and constructs new ideas by linking their derived

experiences with his/her knowledge, beliefs and experiences already possessed

(Driver and Oldham, 1986; Driver and Bell, 1986; Wheatley, 1991; Shapiro, 1994;

Driver and Scott, 1995; Olssen, 1996; Begg, 1996; Tynjala, 1999; Colburn, 2000;

Alesandrini and Larson, 2002). Therefore, learning is not seen as a transmission of

knowledge, but it is seen as an active construction of knowledge (Miller and Driver,

1987; Tobin and Tippins, 1993). Also, because learners’ construction of knowledge is

strongly influenced by their existing knowledge, beliefs and experiences, outcomes of

their learning in the constructivist point of view are varied (Alesandrini and Larson,

2002).

Because knowledge is not transferred from the teacher to learners, but it is

created within each individual mind. Therefore, the learner must change his/her role

from a passive learner, who passively receives information from the teacher, to an

active learner, who actively participates in the process of construction of new

meaning (Shapiro, 1994; Oxford, 1997; Sewell, 2002). In addition, active learners

must take the responsibility and effort for their own learning—the major

responsibilities for them are discussing, debating, hypothesizing, investigating,

altering existing ideas, constructing new meanings and evaluating those meanings

(Harlen and Osborne, 1985; Driver and Oldham, 1986; Driver and Bell, 1986; Taylor,

1993; Bottencourt, 1993; Matthews, 1995; Perkins, 1999; Fox, 2001).
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In the social constructivist classroom, learners are required to work

collaboratively in authentic, complex, meaningful activities, and communicate,

negotiate and share meaning with other members (Windschitl, 2002). Thus, group

learning appears as an essential part of the process of knowledge construction

(Vygotsky, 1962; Piaget, 1970; von Glasersfeld, 1993). Group learning benefits

learning in three main ways—fostering cognitive skills, promoting social skills and

imparting workplace skills. Mechanisms contributing to effective group learning are:

group members’ interpersonal skills; the motivation from group expectations; an

appropriation of group members’ ideas; an access to distributed knowledge; a

negotiation of understanding; the progress monitoring; group members’ hints or

feedback; and task division (Linn, and Burbules, 1993).

In addition, rather than exclusively focus on the acquisition of predetermined

right answers, constructivist learners are required to apply knowledge in diverse and

authentic contexts by explaining ideas, predicting phenomena and constructing

arguments based on existing evidence (Windschitl, 2002).

2. Constructivist teaching and the teacher’s roles

In the constructivist point of view, the teacher cannot put the knowledge they

are intended to teach directly into the learners’ mind; instead, learners must construct

knowledge by themselves. Therefore, learners’ construction of new ideas cannot be

fully promoted by listening solely to a teacher and remembering and repeating what

the teacher told. The teacher, in the constructivist view, is seen as a facilitator who has

the critical responsibility to support learners’ learning by: (a) identifying learners’

existing ideas and experiences; (b) judging which problems, situations and activities

would be most appropriate and useful in supporting students to generate a variety of

ideas; and (c) guiding and supporting learners to construct knowledge through

discussion, explanation and evaluation of their ideas within organized physical and

social classroom environment fully with essential information resources (Harlen and

Osborne, 1985; Tobin and Tippins, 1993; Shapiro, 1994; Driver, Asoko, Leach,
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Mortimer and Scott, 1994; (Begg, 1996;Matthews, 1997; Brooks and Brooks, 1999;

Windschitl, 2002).

In the constructivist view, learners’ existing ideas and experiences serve as a

basis for constructing new meanings. Hence, throughout the lesson the constructivist

teacher should provide learners with opportunities to represent their existing

knowledge in various ways and interact with learners to ascertain what they know and

what they think (Tobin and Tippins, 1993; Shapiro, 1994; Brooks and Brooks, 1999;

Windschitl, 2002). Social interactions are also important in the process of knowledge

construction; consequently, the constructivist teacher should encourage learners to

work socially and collaboratively—learners should have a chance to communicate,

negotiate and share their ideas with their classmates and teacher (Taylor, 1993; Begg,

1996; Brooks and Brooks, 1999). In addition, the teacher should provide learners with

the opportunity to apply constructed ideas in a range of contexts (Begg, 1996;

Windschitl, 2002) and also to reflect upon those constructed ideas (Harlen and

Osborne, 1985; Begg, 1996; Windschitl, 2002).

3. Constructivist assessment

From the constructivist point of view, knowledge constructions occur in

individual minds along the teaching and learning processes. Consequently, assessment

should not be viewed as an entity separated from the teaching and learning processes;

rather, it should be integrated into, and conducted along the teaching and learning

processes. Assessment should be focused on the processes as well as the products of

learning (Duit and Treagust, 1995). Up to this, the main purpose of assessment is not

to find out to what extent students can remember the information transferred from the

teacher, but to find out cognitive changes in their knowledge structures for promoting

meaningful learning (Tynjala, 1999).

The assessment methods employed in the constructivist classroom should be

complex and interpretive, and based primarily on student performances or artefacts,

which are generated as a result of substantial effort. Such assessment methods include
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clinical interviews, learning observations, journals, artefacts, peer reviews and

portfolios (Shepard, 2000 cited in Windschitl, 2002). In case of portfolio, it provides

three advantages for monitoring student construction of knowledge: (a) showing what

students know with respect to an on-going basis; (b) affording students the autonomy

in deciding what artefacts should be included into the portfolio; and (c) providing the

context for teacher-student discussion to negotiate the progress in learning to meet the

goals of the course. importantly, the use of portfolios is seen as one tangible way to

bridge the gap between teaching, learning and assessment (Tobin and Tippins, 1993).

Constructivist Teaching Approaches

Four constructivist teaching approaches are presented as the following.

1. Inquiry approach

An inquiry approach consists of five main phases, that is, engagement,

exploration, explanation, elaboration and evaluation (IPST, 2002: 148-149). The key

ideas of each phase can be summarized as Table 2.1.
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Table 2.1  Key Ideas of Phases of Inquiry Approach

Phase Key ideas
Engagement • Teacher introduces students to engage lesson within their

interesting topics
• Students ask questions and determine issue to study

Exploration • Students plan and determine methods to explore or investigate
their interesting topics

• Students set hypothesis, determine potential choices and use
various methods to collect data and information to test hypothesis

Explanation • Data and information are analyzed and interpreted to derive results
of study that may support or reject the hypothesis

Elaboration • Students elaborate and apply acquired knowledge by linking it
with existing knowledge and using it to explain situations or
events

Evaluation • Students evaluate learning with respect to both processes and
products of learning

2. Interactive teaching approach

An interactive teaching approach is the teaching strategy, which was evolved

from working in the Learning in Science Project (LISP). It was proposed by Biddulph

and Osborne in 1984 as:

… a sensitive way of interacting with children during a series of sciences

lessons. It also involves structuring a study in a way that enables teachers to

interact positively with children, and at the same time enables children to

begin to take responsibility for their own learning (Biddulph and Osborne,

1984: 12 italics added).

The interactive teaching approach consists of five phases: preparation,

exploration, children’s questions, specific investigations, and reflection. The key ideas

of each phase can be summarized as Table 2.2.
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Table 2.2  Key Ideas of Phases of Interactive Teaching Approach

Phase Key ideas
Preparation  • Teacher prepares teaching by studying background of topic he

intends to teach and seeks teaching materials or learning resources
related to the topic

Exploration  • Teacher discusses with students about the topic

Children’s
questions

• Students ask questions publicly about the topic
• Students select interesting questions for their investigation

Specific
investigations

• Students plan and conduct their investigations
• Teacher play active role interacting with students during their

investigations to help them reflect on their processes, ideas and
alternative explanations

Reflection • Students reflect critically on their findings, open their minds to
further possible explanations and investigations, and consider
alternative ways of communicating findings to others

• Students assess value of their acquired ideas from investigations

3. Generative learning model of teaching

Generative learning model of teaching is developed from the ideas of

generative model (Wittrock, 1977a; 1977b) and generative learning model (Osborne

and Wittrock, 1985). The fundamental premise of this model is “people tend to

generate perceptions and meanings that are consistent with their prior learning”

(Wittrock, 1977b: 623).

Generally, there are four phases of the generative learning model of teaching,

that is, preliminary, focus, challenge and application. The key ideas of each phase can

be shown as in Table 2.3.
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Table 2.3  Key Ideas of Phases of Generative Learning Model of Teaching

Phase Key ideas
Preliminary • Teacher ascertains and classifies learners’ ideas and considers the

process that can help students to change their non-scientific ideas

Focus • Students’ existing ideas concerning topic intended to study are
focused

• Teacher establishes learning context and provides motivating
experiences for students

Challenge • Teacher facilitates students to discuss their ideas
• Teacher checks whether learners’ ideas are changed to scientific

one by posing problems or performing demonstration that can be
solved or explained by accepted scientific concepts

Application • Teacher assists students to clarify new ideas
• Students apply their ideas to solve advanced problems

4. Constructivist teaching sequence

The constructivist teaching sequence (Driver and Oldham, 1986) consists of

five phases, that is, orientation, elicitation, restructuring, application and review. The

key ideas of each phase can be summarized as Table 2.4.
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Table 2.4 Key Ideas of Phases of Constructivist Teaching Sequence

Phase Key ideas
Orientation • Teacher provides students opportunity to develop a sense of

purpose and motivation for learning the topic of study

Elicitation • Teacher encourages students to explicitly express their existing
ideas on the topic

Restructuring • Students’ constructed ideas are sharpened up by comparing them
with alternative views of others—inadequacies of some ideas may
be pointed out

• Teacher promotes students’ conceptual conflict by using surprise
demonstration, dilemmas or problems

• Students perceive that there are a variety of ways to interpret
phenomena or evidence

• Students construct new ideas that are appropriate for explaining
phenomena

• Students’ constructed ideas are tested out or evaluated against
experience, experiment or their implications

Application • Students apply their constructed ideas in a variety of situations,
both familiar and novel—new ideas or conceptions are verified,
consolidated and reinforced by their usefulness

Review • Students reflect back on how their ideas have changed through the
comparison between their initial ideas and developed ideas

5. Summary of constructivist teaching approaches

In summary, the common phases of teaching by using constructivist teaching

approaches consist of: (a) a teacher’s preparation of teaching; (b) an expression of

students’ existing ideas; (c) students identifying the issue or topic to study; (d)

students conducting group-investigations; (e) students constructing new ideas and

explaining them to the class; (f) students applying negotiated, constructed ideas in a

variety of situations; and (g) students evaluating and reflecting on the value of

constructed ideas in terms of their intelligibly, plausibility and fruitfulness.
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Integration of Constructivism and Content: Origination of PCK

Preservice science teachers learn content from the Faculty of Science and

learn pedagogy from the Faculty of Education. However, possessing either content or

pedagy in isolation is not enough for preservice teachers to develop their PCK

because PCK is originated from their ability to integrate both content and pedagogical

knowledge. Therefore, the science teacher education program should provide

preservice science teachers with the opportunity to integrate their content and

pedagogical knowledge into PCK for effective teaching.

Among courses in the teacher education program, a subject-specific methods

course is widely proposed by the literature as a potential place to help preservice

teachers develop their PCK by thinking about the subject matter in the instructional

perspective (Grossman, 1989). Therefore, the integration between the constructivist

theory and a particular content in such a course is needed. The course blending

constructivist pedagogy with specific content provides several advantages for

preservice teachers. For example, in Kelly’s (2000) study, the revised science

methods course integrating constructivist pedagogical strategies and science content

that “focuses on the construction of knowledge and provides prospective science

teachers with the opportunity to learn science content while experiencing science

pedagogical practices that support and enhance PCK (p. 757)” was beneficial in

increasing the preservice teachers’ understandings about learning and teaching, more

positive attitudes toward science and science teaching, more confidence in teaching

and more inclination to utilize constructivist strategies in their future science

classrooms.

Because there is much content taught in the teacher education program that

can be blended with the constructivist teaching strategies, Clemont, Krajcik and

Borko (1994), to help preservice teachers develop their PCK, suggest that the teacher

preparation program should select some important concepts, which appear as difficult

for students to learn or are widely misunderstood by learners, and help preservice
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teachers acquire knowledge and skills needed to promote students’ learning of those

concepts.

Importance of Force and Motion Concepts

Force and motion are central concepts in mechanics, in particular to Newton’s

Laws of Motion that can serve as a basis for the learner to fully develop their

understanding in mechanics (Hellingman, 1989: 36; Hestenes, Wells and

Swackhamer, 1992: 150). Without an understanding about force and motion, the rest

of mechanics is seen as useless or meaningless (Hestenes, Wells and Swackhamer,

1992: 150).

In the Thai context, force and motion concepts appear as an important

component of the National Science Curriculum Standards because they are the

fundamental concepts situated in the fourth Learning Sub-strand, namely, Force and

Motion. There are two Learning Standards concerning the Force and Motion Sub-

strand that can be shown as in Table 2.5.

Table 2.5  Learning Standards Concerning Force and Motion Sub-strand

Learning Standard Description
Science Content Standard 4.1 Students are expected to:

• understand concepts of electromagnetic,
gravitational and nuclear forces

• develop inquiry skills
• communicate and apply knowledge
• have a good moral standard

Science Content Standard
4.1.1

Students are expected to:
• examine, analyze and explain relationships

between force and motion of particles in the
gravitational field and their application
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Table 2.5  (Continued)

Learning Standard Description
Science Content Standard 4.2 Students are expected to:

• understand kinds of motion of objects in the
natural world

• develop inquiry skills
• communicate and apply knowledge
• have scientific habits of mind

Science Content Standard
4.2.1

Students are expected to:
• do experiment with objects in linear motion
• explain relationships between displacement, time,

velocity and acceleration of objects
• calculate quantities related to linear motion

Science Content Standard
4.2.2

• Students are expected to investigate and explain
simple harmonics, circular and projectile motion
and their applications

Source: IPST (2001: 17-18)

Even though force and motion concepts are very important, they are widely

misunderstood by learners—learners’ ideas about force and motion are often

incompatible with the scientific ones. These ideas are labelled as “alternative

conceptions” (Gamble, 1989: 81; Wandersee, Mintzes and Novak, 1994; Shelley and

Marjan, 2000; Jimoyiannis and Komis, 2003: 375-376).

Alternative Conceptions about Force and Motion

Based on the constructivist theory, learners construct new meanings based on

knowledge, beliefs and experiences they already hold, in this sense, alternative

conceptions serve learners as an origin or input of the process of conceptual growth,

in which alternative conceptions are developed to become scientific ones (Smith,

diSessa and Roschelle, 1993). Force and motion conceptions are indicated as frequent

alternative concepts for learners including preservice teachers. By adapting the force

and motion taxonomy of Hestenes, Wells and Swackhamer (1992), alternative



42

conceptions about force and motion can be characterized into five groups: kinematics,

impetus, active force, action-reaction and other influences on motion.

 

1. Kinematics

The frequent alternative conception in this category is that the terms speed,

velocity and acceleration are undiscriminated—these terms are treated as

interchangeable terms (Shymansky et al., 1997)

2. Impetus

The impetus is conceived as an inanimate motive power or intrinsic force

within an object that keeps it moving after being released from an active agent. It is

the most told explanation when learners are being asked about motion in the case of

absence of the active agent (Fischbein, Stavy and Ma-Naim, 1989; Steinberg et al.,

1990; Kruger, Summers and Palacio, 1990b; Thijs, 1992; Viiri, 1996). Sometimes, the

terms momentum, energy, power, inertia, velocity or acceleration are used with the

same meaning as impetus (Halloun and Hestenes, 1985; Fischbein, Stavy and Ma-

Naim, 1989).

2.1 Impetus supplied by action of active agent

Many learners believe that the impetus, which is imparted from kinds of

action of an active agent such as hitting, throwing, pushing, moving, knocking, etc.,

resides in the object after it has been released (Brown, 1989; Twigger et al., 1994;

Palmer, 1997; Heywood and Parker, 2001; Jimoyiannis and Komis, 2003). Some

learners indicated that the impetus is proportional to mass and velocity of the object,

like momentum (Halloun and Hestenes, 1985).
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2.2 Impetus dissipation

A vast majority of learners believe that the impetus of the object is

consumed or dissipated during movement that causes it to slow down (Kass and

Lambert, 1983; Kruger, Summers and Palacio, 1990b: 92). When the impetus is used

up, the object stops (Clement, 1983a; Fischbein, Stavy and Ma-Naim, 1989; Galili

and Bar, 1992; Palmer, 1994; Whitley, 1996; Trumper and Gorsky, 1996; Shelley and

Marjan, 2000). Up to this, there are two kinds of impetus dissipation: the impetus is

self-expending or dissipates spontaneously; and the impetus is sapped by external

influences like friction, air resistance and gravity (McCloskey, 1983b; Thijs, 1992).

Some learners believe that the impetus starts wearing out at the same time

as the object is released from the active agent, while some argued that this impetus is

maintained until resistance such as friction or gravity starts its effect (Halloun and

Hestenes, 1985; Twigger et al., 1994). In the case of impetus dissipation due to

gravity, there are three main conceptions: gravity affects a moving object regardless

of how much impetus it has; gravity begins to affect the moving object when its

impetus becomes weaker than force of gravity; and gravity would not affect the

moving object until its impetus had been entirely expended (McCloskey, 1983b: 312-

313).

2.3 Impetus recovery

Some learners argued that the impetus of the object can be built up during

its motion by the effect of an applied force (Halloun and Hestenes, 1985).

2.4 Impetus transfer

This kind of alternative conception is that the impetus can be transferred

from one object to another (Halloun and Hestenes, 1985; Steinberg et al., 1990;

Shelley and Marjan, 2000).
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2.5 Circular impetus

Some learners believed that an object moving in a circular path acquires

circular impetus which acts to maintain the circular motion (McCloskey, 1983a: 114;

McCloskey, 1983b: 311).

3. Active force

This category of alternative conceptions involves learners’ beliefs about

motion caused by active force, which is applied by the active agent. Alternative

conceptions included in this category are presented as follows.

3.1 Only an active agent can exert force

An active agent is regarded as a causal agent, which has a potential to

cause motion (Hestenes, Wells and Swackhamer, 1992: 143). For some learners, only

living things are recognized as active agents (Halloun and Hestenes, 1985; Gunstone

and Watts, 1985). Other inanimate things are not regarded as having a potential to

exert the force, for example the ground (Kruger, Summers and Palacio, 1990a) and a

table (Clement, 1983b; Terry, Jones and Hurford, 1985; Finegold and Gorsky, 1991;

Brown, 1994). This is closely related to the view that if there is no obvious external

agency exerting force on the object, then there is no force exerted on the object

(Osborne, 1980: 4).

3.2 Every motion has a cause

Many learners have the Aristotelian conception—“every motion has a

cause.” This conception is the origin of two subsequent alternative conceptions:

motion-implies-force and no-motion-implies-no-force.
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3.2.1 Motion-implies-force

In this type of conception, learners conceive motion as a

necessary consequence of any force. That is, if there is motion, there must be force or

force when being applied to an object would produce motion (Champagne, Klopfer

and Anderson, 1980; Champagne, Gunstone and Klopfer, 1983; Watts, 1983; Halloun

and Hestenes, 1985; Dekkers and Thijs, 1998).

The alternative conception—“to keep the object moving, a force

is needed in the direction of motion”—is also held by a large majority of pupils

(Viennot, 1979; Watts and Zylbersztajn, 1981; Clement, 1983a; Kass and Lambert,

1983; Halloun and Hestenes, 1985; Gunstone and Watts, 1985; Gardner, 1986;

Gunstone, 1987; Salamand and Kess, 1990; Boeha, 1990; Finegold and Gorsky, 1991;

Galili and Bar, 1992; Palmer, 1994; Enderstein and Spango, 1996; Whitley, 1996;

Preece, 1997; Palmer and Flanagan, 1997; Shymansky et al., 1997; Shelley and

Marjan, 2000; Heywood and Parker, 2001; Jimoyiannis and Komis, 2003).

3.2.2 No-motion-implies-no-force

This alternative conception is implied from the motion-implies-

force alternative conception. That is, “if there is motion, there must be a force; in turn,

if there is no motion, there is no force” (Watts, 1983; Gunstone and Watts, 1985;

Shelley and Marjan, 2000).

3.3 Velocity proportional to applied force

Learners with this alternative conception believe that a magnitude of

velocity is proportional to a magnitude of force (Viennot, 1979; Champagne, Klopfer

and Anderson, 1980). Consequently, under constant force, an object moves at

constant velocity or increasing velocity requires increasing force in the direction of

motion (Champagne, Klopfer and Anderson, 1980; Champagne, Gunstone and
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Klopfer, 1983; Halloun and Hestenes, 1985; Gunstone and Watts, 1985; Salamand

and Kess, 1990; Thijs, 1992; Shelley and Marjan, 2000).

3.4 Acceleration-implies-increasing-force

For some learners, increasing force causes acceleration (Champagne,

Klopfer and Anderson, 1980; Halloun and Hestenes, 1985; Twigger et al., 1994;

Shelley and Marjan, 2000). However, for some intuitive physics learners, the link

between force and acceleration was not being made (Whitley, 1996: 310).

4. Action-reaction

This category of alternative conceptions relates to Newton’s Third Law that

includes these alternative conceptions: conflict metaphor, dominance principle,

greater mass implies greater force, and reaction less “real” than action.

4.1 Conflict metaphor

A conflict metaphor is widely used by learners to describe action-reaction,

that is, action acts in the opposite direction of reaction (Hestenes, Wells and

Swackhamer, 1992).

4.2 Dominance principle

For some learners, in an equilibrium state, action and reaction, which act

on the same object, are equal (Terry and Jones, 1986). But when the object moves,

action exceeds reaction or vice versa in the direction of motion (Viennot, 1979: 211).

This implies the dominance principle, which comes from the “victory belongs to the

stronger” metaphor (Halloun and Hestenes, 1985; Hestenes, Wells and Swackhamer,

1992; Viiri, 1996). This principle has a natural origin in everyday experience, for

example, to move an object, the one needs to push or pull harder and harder until a
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push or a pull overcomes the resistance (Clement, 1983a; Thijs, 1992; Whitley, 1996;

Palmer, 1997).

4.3 Greater mass implies greater force

In the case of two objects exerting forces on each other, learners

frequently argued that the object with the greater mass exerts greater force than the

lesser one (Halloun and Hestenes, 1985; Shelley and Marjan, 2000).

4.4 Reaction less “real” than action

For some learners, reaction is seen to be less “real” than action (Salamand

and Kess, 1990: 531). Subsequently, there is a lack of recognition of passive force

such as reaction (Salamand and Kess, 1990: 533). For example, when learners were

asked to explain force exerted on a book placed on a table, they, oftentimes, did not

indicate reaction from the table.

5. Other influence on motion

This kind of alternative conceptions is mainly involved with resistance.

5.1 Resistance

Alternative conceptions about the effects of resistance upon motion of an

object are: obstacles exert no force; resistance is opposed to force or impetus; and

motion when force overcomes resistance.

5.1.1 Obstacles exert no force

Some learners believe that obstacles such as stone and a wall can

redirect or stop motion, but they cannot be agents of applied force (Halloun and

Hestenes, 1985).
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5.1.2 Resistance opposed force or impetus or motion

Motion may be opposed by the intrinsic resistance of an object

(e.g., weight or mass); resistance of a medium surrounding the object (e.g., gravity or

friction); and obstacles that get in the way (Halloun and Hestenes, 1985). The effect

of force, for some learners, appears to be consumed or dissipated by external

resistance (Halloun and Hestenes, 1985; Kruger, Summers and Palacio, 1990a).

5.1.3 Motion when force overcomes resistance

The conception that “a force cannot move an object unless it is

greater than resistance” is accepted by a majority of learners (Halloun and Hestenes,

1985). In addition, some learners believe that if the exerted force equals resistance of

the object, the object would stop (Twigger et al., 1994: 227).

Sources of Alternative Conceptions about Force and Motion

There are four main sources of alternative conceptions about force and

motion; everyday experience, classroom experience, everyday language and induced

incorrect generalization.

1. Everyday experience

Alternative conceptions about force and motion originate naturally from

everyday experience with various kinds of motion within various situations where

friction is presented (McCloskey, 1983b; Shelley and Marjan, 2000; Tao and

Gunstone, 2000). For example, the motion-implies-force alternative conception arises

from everyday observation that, to keep an object moving, force in the direction of

motion is required (Clement, 1983a; Jimoyiannis and Komis, 2003). Alternative

conceptions serve learners satisfactorily in making sense of motion phenomena in the

world (Champagne, Gunstone and Klopfer, 1983: 177; Hestenes, Wells and

Swackhamer, 1992: 142), while scientific conceptions, for example the frictionless
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world, is hard to visualise and unfamiliar for learners (Champagne, Klopfer and

Anderson, 1980; Halloun and Hestenes, 1985).

2. Classroom experience

Many alternative conceptions arise from classroom experience that includes a

diverse set of peer interactions, teacher explanations, diagrams and terminology, and

instructional materials (Smith, diSessa and Roschelle, 1993; Wandersee, Mintzes and

Novak, 1994; Shelley and Marjan, 2000).

3. Everyday language

This is one of the frequent sources of learner alternative conceptions about

force and motion. The use of the word “force” in every life can be characterized into

three types: human-centred viewpoint; using force as an organized body of people;

and endowing an object with human or animal characteristics.

3.1 Human-centred viewpoint

The word “force” is commonly used by learners as verb rather than noun.

It is seen as an activity or action, in this case to force someone or something to act

(Watts, 1983; Kruger, Summers and Palacio, 1990a). The everyday use of the word

force is closely related to human experience and consists of two distinct types:

physical contact and mental coercion (Osborne, 1980: 3).

Another aspect of the human-centred viewpoint is the idea that physical

quantity that cannot be directly observed or felt by humans does not exist (Osborne,

1980: 4). To some learners, the physical quantity (e.g., friction or gravity) is not

present in a given situation unless the effects of that quantity are clearly or explicitly

observable (Osborne and Gilbert, 1980; Gilbert, Watts and Osborne, 1982).
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3.2 Using force as an organized body of people

In everyday life, sometimes, the term force is used as an organized body

of people such as the police force (Osborne, 1980; Halloun and Hestenes, 1985).

3.3 Endowing objects with human or animal characteristics

Learners, oftentimes, attribute the characteristics of humans or animals to

non-living things. In this case, objects are intentionally endowed with feeling, will or

purpose, for example an object tends to fall (Osborne, 1980: 5; Boeha, 1988: 305).

4. Induced Incorrect Generalization

Mohapatra and Bhattacharyya (1989) argued that Induced Incorrect

Generalization (IIG) generates alternative conceptions about force and motion. The

IIG is operative through three distinct processes: conceptual reversibility, continuity

and extrapolation. First, in conceptual reversibility, if the learner believes that “if a

body is at rest then no force is acting on it”; subsequently, he/she may believe, with

the process of conceptual reversibility, that “a force is needed to change the state of

rest of a body.” Second, in conceptual continuity, the learner may start with some

concepts and proceed to other concepts such as “the greater force acting on the same

mass, the greater is acceleration produced by force and then greater velocity.” Finally,

the process of conceptual extrapolation involves the generalization of incorrect

concepts from one context to another.

Assertions from Alternative Conception Research

There are five main assertions from the review of literature concerning

alternative conceptions.
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1. Alternative conceptions are tenacious and resistant to change

From the literature, alternative conceptions particularly regarding mechanics

concepts, including force and motion, are tenacious and resistant to change by

conventional or traditional teaching strategies (Clement, 1983a; Champagne,

Gunstone and Klopfer, 1983; Terry, Jones and Hurford, 1985; Gunstone, 1987; Van

Hise, 1988; Brown, 1989; Smith, diSessa and Roschelle, 1993; Enderstein and

Spango, 1996; Shymansky et al., 1997; Jimoyiannis and Komis, 2003). Most learners,

therefore, finish a mechanics course without an understanding of the Newtonian

framework (Dykstra, Boyle and Monarch, 1992). Hence, alternative conceptions

appear as a stumbling block in teaching and learning physics (Clement, 1983a: 326).

The resistance-to-change character of alternative conceptions comes from their

ability to provide satisfactory interpretations, predictions and explanations of motions

in the real world for learners (Jimoyiannis and Komis, 2003), while scientific

conceptions are regarded as explanations of the seemingly unreal world outside of

their experience (Kass and Lambert, 1983: 402). For example, in studying force and

motion, learners are often asked to ignore the effects of resistance and friction, while

the events they observe may be explicitly dominated by them (Salamand and Kess,

1990: 533).

2. Learners come to physics classroom with alternative conceptions

Learners do not come to physics classroom with blank slate or tabula rasa but

with a diverse set of existing conceptions, including alternative conceptions

(Champagne, Gunstone and Klopfer, 1983; Gunstone, 1987). For example, in

mechanics, most learners begin the course with a poor grasp of major concepts of

Newtonian mechanics, but with plenty of existing alternative conceptions

(Champagne, Klopfer and Anderson, 1980: 1077).
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3. Alternative conceptions cut across gender, age, ability and culture

From a vast variety of alternative conception studies, learners with a diversity

of age, ability, gender and culture possess analogous alternative conceptions with

respect to a particular phenomenon such as force and motion (Champagne, Gunstone

and Klopfer, 1983; Gunstone, 1987; Smith, diSessa and Roschelle, 1993).

4. Alternative conceptions interfere with learning

Alternative conceptions have a potential to interfere with physics learning in at

least three ways: observations of experiments and demonstrations; interpretations of

observed data; and the comprehension and remembrance of science content

(Champagne, Gunstone and Klopfer, 1983). This results in a diverse set of unintended

learning outcomes (Wandersee, Mintzes and Novak, 1994). For example, information

presented in the classroom may be misinterpreted or distorted to fit the learner’s

alternative framework (McCloskey, 1983b: 318; Hewson and Hewson, 1988: 604).

5. Learner alternative conceptions parallel with conceptions provided by 

previous generations of scientists and philosophers

Some learners’ alternative conceptions about force and motion are parallel

with explanations offered by previous generations of scientists and philosophers

(Viennot, 1979; Halloun and Hestenes, 1985; Wandersee, Mintzes and Novak, 1994).

For example, learners’ ideas of impetus are parallel with impetus theorists such as

Johannes Philoponus in the Sixth century (BC) and Jean Buridan in the Fourteenth

century (BC). This strong parallel suggests that alternative conceptions, in this case

the impetus theory, is a very natural outcome of experience with moving objects in

the real world (McCloskey, 1983a: 119; McCloskey, 1983b: 318).
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Teaching about Force and Motion Concepts

Physics learners cannot be considered as a blank slate or tabula rasa because

they come to the physics classroom with a wide variety of existing conceptions,

including alternative conceptions, about force and motion. Learners’ existing

conceptions strongly influence their learning because they actively construct their new

understanding about force and motion by linking acquired information with their

existing conceptions (Clement, 1982: 70; Thijs, 1992: 156). Therefore, physics

teachers should understand the constructivist theory and employ constructivist

teaching strategies in teaching about force and motion by paying strong attention to

the learners’ existing conceptions, especially their alternative conceptions (Viiri,

1996: 62).

Many studies revealed that most of learners leave the force and motion

learning unit without an understanding of the Newtonian framework. This indicates

that force and motion concepts are difficult to teach and learn (Osborne, 1980: 11;

Dykstra, Boyle and Monarch, 1992; Tao and Gunstone, 2000: 868). The difficulty in

learning about the Newtonian view of force and motion arises from the need for

abstract thinking (e.g., the frictionless world), which often has not been developed by

learners or are often in conflict with learners’ everyday experience (Heywood and

Parker, 2001: 1180).

From the literature, there are three main suggestions for teaching force and

motion concepts

1. Introducing momentum concept precedes force concept

It is worthwhile to start the first period of force and motion learning unit by

concentrating on the concept of momentum, which is similar to the concept of

impetus, and its differentiate it later from the concept of force (Twigger et al., 1994:

228; Viiri, 1996: 56) because most learners possess the frequent alternative

conception about impetus before they come to the physics classroom. The main
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purpose of this strategy is to encourage learners to distinguish between concepts of

impetus and force. The introduction of the momentum concept may encourage

learners to conceptualize impetus as the property of an object, which like momentum,

is different from the concept of force because force is not a property of the object, but

the interactions of objects.

However, physics teachers should encourage learners to be aware that the

concepts of impetus and momentum differ on two points. First, the impetus is

considered to be a cause of motion; whereas momentum is the physics property

employed to describe motion of the object. Second, in the impetus theory, the object

is viewed as having impetus in an absolute sense, which does not relate to a frame of

reference; whereas, in the Newtonian framework, momentum is relative to a frame of

reference (McCloskey, 1983b: 115).

2. Discussing qualitative aspects of force and motion precedes formulae

Learners should learn the qualitative aspects of force and motion (i.e.,

definition and formats) and be encouraged to accept the Newtonian perspective before

learning quantitative aspects of force and motion, such as formulae (Gunstone and

Watts, 1985: 102). To introduce the qualitative definition of force, it is reasonable to

introduce the Newton’s Third Law because it contains the core definition of force,

that is, forces are resulted from interactions between objects that always involve both

the agent and object (Viiri, 1996: 56; Shelley and Marjan, 2000). This qualitative

definition of force can be used to alter learners’ concepts about impetus. From this

definition, it can be implied that if there is no interaction between objects, there is no

force. In other words, the impetus, which is seen as force being transferred from the

active agent and embedded or resided in the object is non-existent. When introducing

the formats of force, learners should be encouraged to recognize that forces can

appear in both active (e.g., a push and a pull) and passive (e.g., reaction and friction)

formats because some learners cannot recognize force in a passive form (Minstrell,

1982: 14).
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3. Using word “force” as noun not verb

In the force and motion learning unit, physics teachers should use, and

encourage learners to use, the word “force” as noun not verb (Kibble and Parker,

1997). For example, in stead of saying that “when a man pushes or pulls an object, he

forces the object to move”, physics teachers or learners should say that “when the

man gives the object a push (or the act of pushing) or a pull (or the act of pulling), he

exerts force on that object.”

Conclusions from the Literature Review

The following are the conclusions that can be drawn from the literature

review.

1. Conceptualizing PCK as consisting of five major knowledge components

Based on Shulman’s (1987) conceptualization of PCK, in this study, PCK is

conceptualized as “an ability of a preservice physics teacher to transform physics

content knowledge he/she possesses into forms that are understandable to students

with variations in understanding, abilities and characteristics by using appropriate

representations, instructional strategies and assessment.” From this, the preservice

physics teacher’s PCK can be represented from his/her understandings of: (a) overall

conceptions or purposes of teaching physics; (b) key ideas of structure, goals, learning

standards and content of the physics curriculum; (c) key ideas of constructivism and

constructivist teaching strategies; (d) students’ prerequisite-prior concepts, alternative

concepts and learning difficulties; (e) key ideas of formative, authentic and

summative assessment methods and instruments; combined with their ability to

integrate all of these understandings into the lesson plans and classroom practice.

PCK, adapted from Magnusson et al. (1999), is seen as consisting of five

major knowledge components: (i) orientations toward teaching physics; (ii)

knowledge of science curriculum with respect to physics; (iii) knowledge of students’
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learning in physics; (iv) knowledge of instructional strategies for teaching physics;

and (v) knowledge of assessment in physics. These five major knowledge components

are important and needed for contributing to PCK for the following reasons.

Firstly, the orientations toward teaching physics have a strong impact on the

effectiveness of physics teaching because they serve the preservice physics teachers

as a conceptual map for making decisions about how to set the teaching objectives,

select and use the instructional strategies and teaching materials, and assess and

evaluate student learning outcomes.

Secondly, knowledge of curriculum with respect to physics represents

knowledge that distinguishes a teacher from a content specialist, which is one of the

important characteristics of PCK. In addition, this kind of knowledge potentially

influences the preservice physics teachers’ instructional decision-makings about

teaching purposes, emphases of content and students’ understanding, teaching

strategies and materials, and assessment and evaluation methods.

Thirdly, knowledge of students’ learning in physics and knowledge of

instructional strategies for teaching physics are commonly accepted by scholars as the

basic knowledge components of PCK.

Finally, knowledge of assessment in physics helps the preservice physics

teachers verify whether or not their instructional strategies or forms of content

representations are accessible or understandable to students.

In the holistic view, the five major knowledge components of PCK as

previously discussed provide a complete picture of the preservice physics teachers’

teaching with PCK with respect to how they perceive the physics curriculum, content

and students’ learning; set teaching objectives; select, design and employ teaching

strategies and materials; and assess students’ learning outcomes.
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The relationships between these five major knowledge components of PCK

can be depicted as in Figure 2.2.

Figure 2.2  Knowledge Components of PCK for Teaching Physics

Source: Adapted from Magnusson et al. (1999: 99)

The Figure 2.2 shows that, importantly, each knowledge component of PCK

does not exist separately from others. On the contrary, all of knowledge components

are related to, and influence on, one another. Because of this integrated and

interrelated nature, all those knowledge components should be simultaneously

acquired and developed, and integrated by the preservice physics teachers to become

PCK. Viewing these knowledge components in isolation is useless because effective
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physics teaching needs the integration of all components and its appropriate

application for the right students in the right circumstances. Anyway, although PCK

has the nature of an integrative construct, enhancing each knowledge component can

enhance PCK as a whole. The description of each knowledge component of PCK can

be described as follows.

1.1 Orientations toward teaching physics

Orientations toward teaching physics are similar to “the overarching

conceptions of the purposes of teaching a subject matter” mentioned by Grossman’s

(1989). In this study, the orientation toward teaching physics represents the preservice

physics teacher’s holistic framework of viewing or conceptualizing physics teaching

including the nature of physics and overall purposes for teaching physics. Two

examples of orientations toward teaching physics in the literature are the “didactic”

and “academic rigor” orientations (Magnusson et al., 1999: 100). Because the goal of

the didactic orientation is to transmit scientific facts to students, the teaching and

learning processes, therefore, is generally driven by lecture or discussion. The

didactic-orientation teacher tends to teach by presenting information and asking

questions in order to make students understand targeted scientific concepts. On the

one hand, the academic rigor orientation aims to represent a particular body of

scientific knowledge to students. Therefore, the academic-rigor-orientation teacher

tends to teach by challenging students with problems and requiring them to do various

activities in order to verify targeted scientific concepts.

1.2 Knowledge of science curriculum with respect to physics

This knowledge component of PCK consists of two sub-components.

1.2.1 Knowledge of goals and objectives in teaching physics

This sub-component involves the preservice physics teachers’

knowledge of goals and objectives in teaching physics to students at a specific grade
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level as mentioned in the National Science Curriculum in both horizontal and vertical

manners. That is, they should know: (a) goals and objectives in teaching physics to

students at a specific grade level across all physics topics during the school year; and

(b) what students learned in the previous year and what they are expected to learn in

the next year.

1.2.2 Knowledge of curricular materials in teaching physics

This sub-component represents the preservice physics teacher’s

understanding about various types of curricular materials (e.g., school curriculum,

teaching manuals, textbooks, laboratory materials, instructional media and so forth)

that are relevant and available to teaching specific physics topics to students at a

specific grade level.

1.3 Knowledge of students’ learning in physics

Knowledge of students’ learning in physics is very important for the

preservice physics teachers because in teaching specific physics topics they must

understand students’ prior conceptions, alternatives conceptions and learning

difficulties regarding those topics. This knowledge is useful for them in seeking,

selecting and employing appropriate teaching strategies and materials for helping

students learn targeted physics concepts. This component of PCK is comprised of two

sub-components.

1.3.1 Knowledge of requirements in learning physics

This sub-component includes the preservice physics teachers’

understanding about prior knowledge, abilities and skills essential or necessary for

students in learning specific physics topics, and also the variations in students’

learning styles with respect to those topics.
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1.3.2 Knowledge of areas of difficulties in learning physics

This sub-component refers to the preservice physics teachers’

knowledge of students’ likely learning difficulties, which may arise from: (a) an

abstraction of specific physics concepts; (b) a lack of linkage between those concepts

and students’ common experience; (c) an inconsistency between students’ knowledge

and abilities and instructional strategies employed; and (d) student alternative

conceptions (Magnusson et al., 1999: 105).

1.4 Knowledge of instructional strategies for teaching physics

Knowledge of instructional strategies for teaching physics includes “not

only conventional strategies such as lecture, demonstration, recitation or seatwork, but

also a variety of cooperative learning, reciprocal teaching, Socratic dialogue,

discovery learning, project-methods, and learning outside the classroom setting”

(Shulman, 1987: 17). This kind of knowledge consists of two sub-components.

1.4.1 Knowledge of subject-specific instructional strategies

Subject-specific instructional strategies are broader than topic-

specific instructional strategies because they are applicable for teaching physics in

general such as the learning cycle, conceptual change, discovery and inquiry.

1.4.2 Knowledge of topic-specific instructional strategies

This sub-component refers to the preservice physics teacher’s

understanding about specific instructional strategies (e.g., examples, situations,

problems, illustrations, demonstrations, simulations, models, analogies,

investigations, experiments, etc.) that are useful in helping students understand

specific targeted physics concepts. It also includes the understanding about the

strengths and weaknesses of those instructional strategies, and what and when they

should be used in a particular classroom setting.



61

1.5 Knowledge of assessment in physics

This knowledge component of PCK consists of two sub-components.

1.5.1 Knowledge of the dimensions of physics learning to assess

This sub-component represents the preservice physics teachers’

understanding about the aspects of student learning of specific physics topics that are

important to access according to the National Science Curriculum Standards such as

intellectual, physical, emotional and mental aspects. This kind of knowledge,

therefore, is closely linked with knowledge of curriculum with respect to physics.

1.5.2 Knowledge of the methods of assessment in physics

This sub-component refers to the preservice physics teachers’

understanding about a variety of methods for assessing students’ learning in specific

physics topics such as tests, worksheets, assignments, reports, groupwork evaluation

forms, portfolios and so on. It also includes the understanding about instruments and

procedures related to those assessment methods being employed in particular

classroom settings and their strength-weakness.

2. Enhancing teaching experience

The literature strongly indicates that teaching experience is a major factor

influencing preservice teachers’ development of PCK. In this study, the preservice

physics teachers’ teaching experiences are primarily stemmed from two main sources:

(a) experience from teaching by themselves; and (b) experience from observing other

teachers’ teaching, that is, the physics teachers, the course instructor and peers.
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3. Discussing about written cases

Cases are frequently proposed as a potential tool to help and assess preservice

teachers’ development of PCK. To use cases in this study, the preservice physics

teachers are required to read, analyze and discuss about two written cases namely

“Force and Inertia” and “Reaction Force”, which contain specific dilemmas of physics

teaching and learning such as students’ alternative conceptions and learning

difficulties, and ineffective pedagogical strategies related to these topics.

4. Integrating constructivist pedagogy and force and motion concepts

Possessing either content or pedagogy is not enough for preservice teachers in

developing PCK because PCK originates from the integration between both

knowledge domains. In this study, the preservice physics teachers are provided with

multiple opportunities to integrate their content (i.e., force and motion concepts) and

pedagogy (i.e., constructivist teaching strategies) through three main learning

activities conducted in the physics methods course: (a) planning the lesson plans of

force and motion concepts; (b) deriving direct experiences as a learner in the period of

PCK modeling of force and motion emphasizing the use of constructivist teaching

strategies to help learners understand force and motion concepts, which is modeled by

the course instructor; and (c) implementing the lesson plans of force and motion in

performing micro-teaching to peers.

5. Emphasizing constructivist teaching and learning

According to the Section 22 of the National Education Act (1999), the

preservice physics teachers are expected to understand and be able to employ the

constructivist teaching and learning process in their classrooms. To accomplish this

goal, the constructivist theory is employed in this study in two major ways.
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5.1 Employing constructivist theory as content of study

Preservice physics teachers are encouraged to develop more understanding

about the key ideas of the constructivist theory and constructivist teaching strategies.

In order to do this, they are given opportunities to study and analyze the key ideas of

the transmission and constructivist modes of learning and four constructivist teaching

strategies, i.e., the interactive teaching approach, the generative learning model of

teaching, the constructivist teaching sequence and cooperative learning.

5.2 Employing constructivist theory as basis of teaching and learning

Based on the constructivist theory, the preservice physics teachers

constructed or developed PCK on the basis of their existing knowledge, beliefs and

experiences concerning physics teaching and learning through the social interactions

within cooperative, group-work activities. The course instructor took a role as a

facilitator, who is responsible for encouraging, helping and guiding the preservice

physics teachers to develop PCK. The preservice physics teachers took a role as active

learners, who are responsible for their learning by actively participating in various

constructivist learning activities and constructing or developing PCK by themselves.

In addition, the surveys of the preservice physics teachers’ prior knowledge and

experiences concerning knowledge components of PCK were conducted at the

beginning of the course. The information derived from these surveys serve the course

instructor as the guidelines in selecting, designing an employing the constructivist

learning activities to suit their backgrounds in order to help them develop their PCK.

6. Enhancing reflective ability

Preservice teacher’s development of PCK occurs progressively over time

through the reflections of teaching experiences; thus, the reflective ability is seen as

one of the important factors influencing their development of PCK. In this study, the

reflective ability is prompted and promoted in the preservice physics teachers in two

major ways: the end-of-week reflection and journal writing. First, at the end of each
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week of the physics methods course, the preservice physics teachers were required to

verbally reflect on these aspects through the class discussion: (a) the development of

each knowledge components of PCK; (b) the integration of PCK into classroom

practice; (c) feelings and derived experiences; (d) problems encountered in learning

and potential solutions; and (e) suggestions for further improving the course. Second,

the preservice physics teachers were asked to reflect on these mentioned aspects in

their weekly journals.

7. Using multi-method evaluation to assess PCK

Because preservice teachers’ PCK is a highly complex construct including

both internal and external constructs, the multi-method evaluation (Baxter and

Lederman, 1994: 154) is employed to assess the preservice physics teachers’

development of PCK in this study. Various data collection methods were incorporated

into the multi-method evaluation including: pre- and post-lesson preparation (van der

Valk and Broekman, 1999); semistructured group interview about written cases;

observation of, and semistructured interview after, micro-teaching; and collection of

related documents such as journals, worksheets, assignments, portfolios and so forth.

8. Tracking PCK development over a considerable period of time

The process of development of PCK in preservice teacher is regarded as a

multifaceted, complex and non-linear process, which does not suddenly occur.

Instead, PCK is gradually and progressively developed over time through the

processes of planning, teaching and reflecting of a particular subject matter. Up to

this, two main methods were used to capture the preservice physics teachers’

development of PCK, that is, journals and portfolio.



CHAPTER III

METHODOLOGY

This chapter is divided into three main parts. The first part illustrates

interpretivism as a research paradigm of this study. The second part provides the

details of the first phase of this study with respect to the preservice physics teachers’

development of PCK from the PCK-based Physics Methods Course. In the final part,

the details of the second phase of this study concerning the preservice physics

teachers’ development and implementation of PCK during teaching practice are also

presented.

Interpretivism as Research Paradigm

For researchers, a paradigm is a systematic set of ontological, epistemological

and methodological beliefs which determine their criteria of defining problems and

selecting an approach to solve those problems theoretically and methodologically

(Husen, 1997: 16-17; Lincoln and Guba, 1985: 15; Denzin and Lincoln, 1998: 26).

Based on the constructivist theory, interpretivism is employed as the research

paradigm of this study. In the interpretivist paradigm, knowledge is seen as being

individually constructed through the social interactions and being bounded with the

contexts (Bryman, 2001: 20).

The major aim of interpretivist researchers is to understand how the research

participants interpret the social world, construct new meanings and act within a

socially bounded context. This aim can be accomplished by employing the inductive,

qualitative methodology that emphasizes the generation of theory and the researchers’

interpretation of participants’ words, meanings and actions in the natural setting from

their points of view (Bryman, 2001: 20; Denzin and Lincoln, 1998: 8, 29; Stake,

1995: 37; Behrens and Smith, 1996: 978; Husen, 1997). In doing so, the interpretivist

researchers must immerse themselves in the natural setting in which the participant is

involved and try to discover and understand how he/she constructs social meanings
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and actions in that setting by seeking through his/her lenses (Neuman, 2003: 76;

Husen, 1997: 17). This methodology is flexible because it often has no pre-

determined framework and enables the interpretivist researchers to reinterpret and

reshape their approaches at any time during the study (Husen, 1997: 19; Bryman,

2001). The strength of the interpretivist paradigm relies on its ability to provide the

thick description of feelings, experiences, meanings and actions that are related to

actual lives of people in specific contexts (Neuman, 2003: 77; Bryman, 2001; Stake,

1995: 39).

The ontological, epistemological and methodological bases of this study

strongly correspond to the interpretivist paradigm. That is, the researcher: (a)

immersed himself in the contexts of the PCK-based Physics Methods Course and

teaching practice in which the preservice physics teachers are involved; (b) employed

the qualitative data collection methods; (c) interpreted the preservice physics teachers’

development and implementation of PCK from their points of view through their

words, meanings and actions occurring from social interactions within those contexts;

and provided the thick description of their development and implementation of PCK.

Trustworthiness of the Study

Trustworthiness, which is related to internal and external validity, reliability

and objectivity of the study, is the major concern for the interpretivist research

employed the inductive, qualitative methodology. To establish trustworthiness of the

interpretivist research, Lincoln and Guba (1985) propose these four criteria, that is,

credibility, transferability, dependability and confirmability.

1. Credibility of the study

The interpretivist study emphasizes credibility rather than internal validity.

Credibility of the study refers to the extent to which the findings of the interpretivist

study can be approved to be credible. Several methods, such as prolonged
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engagement, persistent observation and triangulation, are proposed to enhance

credibility of the interpretivist research (Lincoln and Guba, 1985:301-316).

First, prolonged engagement involves the interpretivist researchers’

investment of sufficient time to immerse themselves in the natural setting, in which

participants are involved, to build trust, learn participants’ meanings, actions and

culture, and test the distorted information introduced by themselves or by the

participants (Lincoln and Guba, 1985: 304). From the researcher immersion for a

substantial period of time, the salient features and holistic views of the situation

emerge. This provides the thick description of the situation that leads the researcher to

the accurate explanation and interpretation of the data (Morrison, 1993 cited in

Cohen, Manion and Morrison, 2000: 311). Second, persistent observation aims to

provide focused, in-depth details of participants’ meanings and actions in specific

natural settings (Lincoln and Guba, 1985: 304). Third, triangulation involves the

researchers’ attempt to explain the richness and complexity of human meanings and

actions by studying them from more than one data source, data collection method,

investigator and theory (Cohen, Manion and Morrison, 2000: 112; Neuman, 2003:

137; Denzin, 1978).

Employing those three methods to enhance the credibility of this study, firstly,

according to prolonged engagement, the researcher immersed himself into two

settings in which the participants were involved for two semesters. The first setting

was the PCK-based Physics Methods Course, in which the researcher took a role as a

methods course instructor for one semester. In the other setting, the researcher

followed the participants’ teaching practice in secondary schools for one semester.

Secondly, during those two semesters, the researcher conducted persistent observation

for deriving specific, focused details of the preservice physics teachers’ development

of PCK during the PCK-based Physics Methods Course, and their development and

implementation of PCK during teaching practice. Thirdly, both data and

methodological triangulation were employed in this study. That is, the data was

collected from different sources (i.e., the preservice physics teachers, the cooperating

teachers and the university supervisors) by using different data collection methods
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(e.g., classroom observation, interview and collection of related documents). The

combination of data and methodological triangulation corresponds to the multi-

method evaluation proposed by Baxter and Lederman (1999: 154), which is proposed

as an effective way to assess PCK because it enables the researcher to assess three

aspects that constitute the teacher’s PCK: what the teacher knows; what he/she does;

and the reasons for his/her actions (Baxter and Lederman, 1999: 158).

2. Transferability of the study

Interpretivist researchers emphasize transferability of the study rather than

external validity. The degree of transferability is determined by the similarity or

fittingness between two research contexts, i.e., sending and receiving contexts

(Lincoln and Guba, 1985: 124). The crucial task of interpretivist researchers is to

provide sufficient information or the “thick description” (Geertz, 1973: 6) of the

context of the study to the persons who want to transfer research findings or make

judgment of transferability (Lincoln and Guba, 1985). Regarding this, Dey (1993: 31-

38) argues that a thick description should include the context of actions, the intentions

of participants, and the process wherein actions are embedded.

For this study, due to the small sample and the use of inductive, qualitative

methodology, the transferability of the study is emphasized instead of traditional

generalization. That is, the researcher tried to provide the thick description of the

study to the readers in order to enable them to compare the similarity or fittingness

between their contexts and the context of this study and judge the degree of

transferability.

3. Dependability of the study

Reliability is not emphasized in the interpretivist study because the natural

occurrence of phenomenon cannot be replicated (Cohen, Manion and Morrison, 2000:

119). Instead, dependability of the study, which is related to a fit between what the



69

researcher records as data and what is being researched, is emphasized (Cohen,

Manion and Morrison, 2000: 119).

To establish the dependability of this study, the process of conducting

research, which covers the research designs, the selection of participants, data

collection methods, data analyses, the interpretations of data and the researcher’s

biases, were monitored and audited within the continuous supervisory meetings with

the thesis committees.

4. Confirmability of the study

Objectivity of the interpretivist study is shifted from investigator-emphasis to

data-emphasis that can be depicted by its confirmability (Lincoln and Guba, 1985:

300-301). Up to this, the major technique for establishing confirmability is

confirmability audit (Lincoln and Guba, 1985: 318).

Confirmability of this study was represented from the researcher’s six

categories of audit trail: raw data; data reduction and analysis products; data

reconstruction and synthesis products; process notes; materials relating to intentions

and dispositions; and instrument development information (Halpern, 1983 cited in

Lincoln and Guba, 1985: 319-320). The audit conducted strongly emphasized the

verification of the correspondence between the results and the interpretations, and the

logic of inferences. This process did not occur only at the end of the study; rather, it

was conducted simultaneously with the processes of data collection and analysis.

Phase 1: Preservice Physics Teachers’ Development of PCK

from the PCK-based Physics Methods Course

1. Research design

To study the preservice physics teachers’ development of PCK during the

PCK-based Physics Methods Course, the interpretive study was employed as the
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research design. This research design enables the researcher to capture and reflect

how, and to what extent, the preservice physics teachers develop their PCK from

participating in the teaching and learning processes conducted in the course, which

the researcher is immersed and engaged by taking a role as the course instructor.

According to this research design, the researcher interpreted the preservice physics

teachers’ words, meanings and actions that emerged or occurred during the course

from their points of view in terms of the development of PCK (Erickson, 1986;

Neuman, 2003: 76; Husen, 1997: 17).

2. Research participants

The participants in this phase were four third-year preservice physics teachers

who enrolled in the 16-week PCK-based Physics Methods Course, which was

conducted in the second semester of the 2004 academic year at one Rajabhat

University in Bangkok. All preservice physics teachers are studying in the four-year

Rajabhat University Curriculum to become physics teachers in a Bachelor in

Education (B.Ed.) degree.

3. Backgrounds of participants

Pseudonyms were used to represent the preservice physics teachers’ names,

that is, Julie, Mark, Cathy and Sam.

3.1 Background of Julie

Julie was a female, 22 years old, preservice physics teacher who came 

from Buri Rum Province located in the northeastern region of Thailand. She had 

completed both primary and secondary education in her hometown. At the primary 

level, she was regarded as a high-achiever student. However, at the secondary level, 

her Grade Point Average (GPA) dropped because she paid less attention to her 

studies. This may be the factor why she failed the university entrance examination. 

Luckily, she qualified to study both nursing education and physics education. Then, 
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Julie decided to further her studies in physics education because she liked the way her 

physics teacher taught, loved physics and expects to be a good and beloved physics 

teacher. In the third year of the study, she had completed many courses on physics 

content (e.g. General Physics, Mechanics, Physics Laboratory, etc.), education (e.g. 

Basic Education Curriculum, Teacher and Education, Educational Technology, 

Principles of Teaching, Assessment and Evaluation, etc.) and teaching experience (i.e. 

Classroom Observation and Participation) and got a cumulative GPA at 3.48.

3.2 Background of Mark

Mark was a male, 22 years old, preservice physics teacher who was born 

and lives in a large-size, agricultural family in the rural area of Chaiyaphum province 

located in the northeastern region of Thailand. He stated that although he lives in an 

average income family, he is very proud and happy. Mark had completed both 

primary and secondary education from the schools in his hometown. In Mark’s view, 

the physics methods course was perceived as a boring subject like Psychology. 

Consequently, he was looking forward to interesting learning activities that would 

occur in the course and that would make him learn while having fun. He stated that: “I 

would learn better, if I had fun in learning.” The aspects that Mark expected to learn 

from the physics methods course are: (a) what a physics teacher should teach; (b) how 

to understand and communicate with students; and (c) how to behave appropriately as 

a physics teacher such as setting a good example for students. In the third year of the 

study, Mark had completed many required courses related to physics, education and 

teaching experience. He got good grades (A and B+) in education courses, except 

Principles of Assessment and Evaluation Course, but got lower grades (C, C+ and 

D+) in most of the physics courses he attended. His cumulative GPA in the third year 

of the study was 2.44.

3.3 Background of Cathy

Cathy was a female, 23 years old, preservice physics teacher who came 

from Nakhonratchasima Province located in the northeastern region of Thailand. Her 
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GPA at secondary level was 2.56. After finishing secondary education, she qualified 

to study in the physics teacher education program. Cathy stated that she wanted to be 

a teacher teaching in her hometown; however, she did not intend to be a physics 

teacher. In the third year of the study, Cathy had completed many courses on physics 

content (e.g., General Physics, Mechanics, Physics Laboratory, etc.), education (e.g., 

Basic Education Curriculum, Teacher and Education, Educational Technology, 

Principles of Teaching, Assessment and Evaluation, etc.) and teaching experience 

(i.e., Classroom Observation and Participation). She got good grades in the 

educational courses, but lower grades (B and C+) in the physics courses. Her 

cumulative GPA at the third of the study was 2.49.

3.4 Background of Sam

Sam was a male, 21 years old, preservice physics teacher who came from 

Chonburi Province located in the eastern region of Thailand. He had completed both 

primary and secondary education in his hometown. At the lower secondary level, he 

was regarded as a high-achiever student. Sam expressed his leadership through 

participating in lots of school activities. In the third year of the study, he was elected 

to be president of the Faculty of Education Student Club. In addition, Sam had 

completed many courses on physics content (e.g., General Physics, Mechanics, 

Physics Laboratory, etc.), education (e.g., Basic Education Curriculum, Teacher and 

Education, Educational Technology, Principles of Teaching, Assessment and 

Evaluation, etc.) and teaching experience (i.e., Classroom Observation and 

Participation). He studied well in the educational courses, but got lower grades in the 

physics courses. His GPA in the third year of the study was 2.45.

4. Research intervention: PCK-based Physics Methods Course

The research intervention employed in this phase was the PCK-based Physics

Methods Course, which was designed and developed by the researcher. The details of

the course are presented in the next chapter.
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5. Data collection methods

In the first phase of the study, the following methods were employed to collect

the data with respect to the preservice physics teachers’ development of PCK from

participating in the PCK-based Physics Methods Course. Indeed, these data collection

methods were integrated with the learning activities conducted in the course.

5.1 Pre- and post-lesson preparation

The lesson preparation is the method used to assess the preservice physics 

teachers’ PCK, which has been adapted from the lesson preparation method of van der 

Valk and Broekman (1999). In the second week of the PCK-based Physics Methods 

Course, the preservice physics teachers were required to prepare the pre-lesson plan 

of force and motion. They were subsequently required to revise their created pre-

lesson plan and prepare the post-lesson plan of force and motion before performing 

their micro-teaching. After they had finished their lesson plans of force and motion, 

the researcher conducted the follow-up semistructured interview with each of them 

about his/her created lesson plans.

The description and instruction of lesson preparation and the questions 

used in the follow-up interview were validated by a panel of four experts—one 

physicist from the Faculty of Science and one experienced physics teacher from the 

Demonstration School of one public university, Bangkok; and two physics methods 

course instructors from the Faculty of Education and the Faculty of Science and 

Technology, Rajabhat University, Bangkok. The panel of experts was asked to 

validate these aspects: (a) the clarity of the description and instruction of lesson 

preparation; and (b) the clarity of questions used in the follow-up interview and their 

correspondence with the conceptualization of PCK. All the experts considered and 

suggested minor changes concerning the questions for probing the preservice physics 

teacher’s knowledge of students’ learning in physics with respect to student 

alternative conceptions and learning difficulties.
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5.2 Semistructured group interview about written cases

Group interview or “the systematic questioning of several individuals 

simultaneously in formal or informal settings” (Denzin & Lincoln, 1998: 54) is the 

format of interview that was conducted during the fifth to sixth week of the PCK-

based Physics Methods Course for assessing the preservice physics teachers’ PCK. 

This type of interview is appropriate for this study because of three reasons. First, it 

could be integrated in the teaching and learning processes of the course. Second, with 

carefully and thoroughly distributed questions to every preservice physics teacher in 

the group, it could equally serve the purpose of multiple individual interviews. Third, 

within the group of peers, a non-threatening environment was created so that the 

preservice physics teachers were stimulated to give more useful responses (Denzin & 

Lincoln, 1998: 55).

In this study, the semistructured group interview that was conducted 

incorporated the use of two written cases, namely, Force and Inertia and Reaction 

Force, which were developed from the Goroff and Wilkinson (1993) study and the 

Mintrell (1982) study, respectively. The questions used in the semistructured group 

interview about cases are open-ended questions; they are sequenced, but flexible and 

can be changed during the interview process depending on the situation. The 

researcher started the interview with guiding questions to survey the preservice 

physics teachers’ thinking about the cases in general and, then, used probing questions 

to seek for more details particular to PCK. The interview was also audiotape recorded 

for further analysis.

The two written cases and the interview questions were validated by the 

panel of experts as stated earlier. There were two aspects for the experts to validate: 

(a) the correspondence between the teaching and learning situations in the cases and 

the conceptualization of PCK; and (b) the clarity, bias (e.g., leading questions) and 

ability of the interview questions in probing PCK. The experts commented that both 

written cases were linked with specific concepts of force and Newton’s third law, 

specific knowledge components of PCK (especially knowledge of students’ learning 
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in physics), and presented the complexity of, problems associated with, classroom 

setting. Also, they accepted the interview questions according to their clarity and 

coverage of the conceptualization of PCK.

5.3 Observation of, and semistructured interview after, micro-teaching

The period of micro-teaching was conducted during the twelfth to fifteenth 

weeks of the PCK-based Physics Methods Course. During this period, the observation 

of each preservice physics teacher’s micro-teaching was conducted by using the 

guideline of classroom observation. In the observation, the researcher took a role as 

the “participant-as-observer” (Bryman, 2001: 299) because this role can reduce the 

reactivity effects—the effects of the researcher on participants’ behaviors—and 

provide the salient features and holistic view of the observed situations (Cohen, 

Manion and Morrison, 2000: 311). Each micro-teaching was also videotape recorded 

and viewed afterwards by the researcher for the coverage of observation and further 

analysis.

After finishing each micro-teaching, the semistructured interview was 

conducted. The aims of the interview are: to clarify the ambiguities found from the 

observation that may lead to misinterpretations; and to acquire more details about 

development and implementation of PCK. The interview was also audiotape recorded 

for further analysis.

The guidelines of observation of, and semistructured interview after, 

micro-teaching were validated by the panel of experts as stated earlier. With respect to 

the guideline of observation, the experts were asked to validate these aspects: (a) the 

clarity of aspects to be observed; (b) the coverage correspondence between those 

aspects and the conceptualization of PCK; and (c) the practicality of the guideline of 

observation. The experts were also asked to validate the clarity and ability of the 

questions used in the guideline of semistructured interview after micro-teaching in 

probing the preservice physics teachers’ PCK. The panel of experts accepted the 

guidelines of observation of, and semistructured interview after, micro-teaching and 
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stated that they covered the conceptualization of PCK and could be practically used in 

classroom setting.

5.4 Collection of related documents

The researcher collected all documents that the preservice physics teachers

created from participating in the PCK-based Physics Methods Course such as lesson

plans, worksheets, assignments, journals and portfolios. These documents are

expected to provide an additional data that, when being incorporated with data from

other sources, can provide the completed picture of the preservice physics teachers’

development of PCK in the course.

6. Data analysis

The process of data analysis for answering the research question in this

phase—how, and to what extent, the preservice physics teachers develop PCK from

participating in the PCK-based Physics Methods Course—was simultaneously

conducted with the process of data collection by using the constant comparative

method (Glaser and Strauss, 1967). This method consists of four main stages: (a)

comparing incidents applicable to each category; (b) integrating categories and their

properties; (c) delimiting the theory; and (d) writing the theory. These stages were

adapted to this study and can be illustrated as the following.

6.1 Comparing incidents applicable to each category

In the first stage, the incident, which is the smallest piece of information

that can be interpreted without additional information (Lincoln and Guba, 1985: 344-

346), derived at the beginning of the PCK-based Physics Methods Course was

compared with each other and coded into provisional categories (such as knowledge

components of PCK; the relation of knowledge components of PCK; and other

aspects) by depending on their “look-alikeness” or “feel-alikeness” basis (Glaser and

Strauss, 1967: 105-106). When there was an incident that could not coded into any
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existing provisional categories, a new provisional category was created. The

successive incidents, which subsequently emerged when the course was progressing,

were constantly compared with other existing incidents, which had already been

coded into the provisional categories, until all incidents were coded into a set of

provisional categories.

During the process of constant comparison of incidents, new provisional

categories rapidly emerged at first, but the rate of category emergence decreased

when more incidents were coded. At this time, the task of assigning incidents into

categories was more difficult due to incompletely and imperfectly defined properties

of categories. Then, the researcher stopped coding and started writing a “memo”,

which is “a theoretical write-up of ideas about codes and their relationships as they

strike the analyst while coding” (Glaser and Strauss, 1967: 107; Glaser, 1978: 83-84

cited in Miles and Huberman, 1994: 72). Writing a memo or “memoing” helped the

researcher to tap the initial freshness of thoughts, relieve conflicts and stimulate

thinking about the meaning of a category, its properties and relationships with others

(Miles and Huberman, 1994: 72-74; Strauss, 1987: 127). From these properties, it was

possible for the researcher to write a rule for assigning incidents into the category or

“rule for inclusion”, which eventually replaces the intuitive judgment with “look-

alikeness” or “feel-alikeness” basis (Lincoln & Guba, 1985: 347).

Keeping comparing incidents and memoing provided the researcher with

the properties of provisional categories of PCK that may include their types,

dimensions (frequency, extent, duration and intensity), conditions, consequences and

relations to other categories.

6.2 Integrating categories and their properties

The second stage shifts from comparing incidents to comparing incidents

in each category and the properties of that category. This comparison gradually

contributes the strength of the content of properties and the rule for inclusion of each

category. For instance, if one incident fails to exhibit some of properties of the
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category, perhaps those properties may not be suitable for defining the category or a

subcategory is needed or the category needs to be redefined. If revision of the rule is

needed, incidents assigned to the category on the basis of the earlier rule must be

reviewed again in order to ensure that they still “belong” (Lincoln & Guba, 1985:

347).

The first two stages as stated earlier aim to establish the defined, internally

consistent categories of PCK that fit the data from which they were abstracted and

saturated. Theoretical saturation or the saturation of categories is achieved when an

additional analysis no longer contributes to discover anything new about a category

(Glaser and Strauss, 1967: 61).

When the data collection is finished and the pile of incidents has been

exhausted from the process of constant comparison, the entire set of categories of

PCK is reviewed again in terms of their ambiguities, overlapping and possible

relationships. From this, the relationships between categories became more evident

and the category set became more coherent and encouraged the researcher to develop

the theory of PCK (Lincoln and Guba, 1985: 342-343; Glaser and Strauss, 1967: 109).

6.3 Delimiting the theory

In the third stage, delimiting occurs at two levels: the theory and the

categories. At the first level, as the researcher constantly compared incidents and

properties of the category, the theory of PCK was strengthened. Major modifications

of properties of the category became fewer and fewer. Later modifications were

mainly about: clarifying the logic; taking out non-relevant properties; integrating

elaborated details of properties into the major outline of interrelated categories; and

reduction. By reduction, the researcher discovered underlying uniformities in the

original set of categories or its properties, and formulated the theory of PCK.

Reduction enabled the researcher to achieve two major requirements of theory: the

parsimony of variables and formulation; and the scope to apply the theory to a wide

range of situations (Glaser and Strauss, 1967: 110-111).
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The second level of delimiting the theory was a reduction in the original

list of categories of PCK for coding. As the theory of PCK grew, became reduced, and

worked effectively with data, the researcher became committed to it. This

commitment enabled the researcher to cut down the original list of categories for

collecting and coding data within the boundaries of present theory. The consideration,

coding and analyzing of incidents became more selective and focused. When there

was no point in adding further exemplars to categories, they became “theoretically

saturated” (Glaser and Strauss, 1967: 111).

6.4 Writing the theory

In the fourth stage, when the researcher was convinced that the analytic

framework formed a systematic substantive theory of PCK, the process of writing

theory began. It was necessary to collate the memos on each category of PCK. These

series of memos provided the researcher with the content behind the categories, which

became the major themes of the theory for writing (Glaser and Strauss, 1967: 113).

7. Triangulation

To enhance the validity of the first phase, the researcher employed the

methodological triangulation (Cohen, Manion and Morrison, 2000: 113) by using

various data collection methods: (a) pre- and post-lesson preparation; (b)

semistructured group interview about written cases; (c) observation of, and

semistructured interview after, micro-teaching; and (d) collection of related

documents such as assignments, worksheets, journals, portfolios and so forth. The

qualitative data derived from these data collection methods was cross-validated in

order to verify the sufficiency, convergence and confirmability of the study.
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Phase 2: Preservice Physics Teachers’ Development and

Implementation of PCK during Teaching Practice

1. Research design

Case study is suitable for studying the development and implementation of the

complex structure as PCK because it enables the researcher to concentrate on complex

behaviors, capture unique features and close-up realities, and portray thick

descriptions of cases being studied in specific contexts (Cohen, Manion and Morrison,

2000: 181-182). However, one of the crucial critics of the case study methodology is

related to its transferability (Lincoln and Guba, 1985: 124). Consequently, to enhance

the transferability of this phase, the multisite case study (Sturman, 1997: 63) was

conducted with four preservice physics teachers in order to study how, and to what

extent, they developed and implemented PCK during their teaching practice.

2. Research participants

The participants in this phase were four preservice physics teachers, who have

completed the PCK-based Methods Course in the first phase and subsequently

performed teaching practice in secondary schools in the first semester of the 2005

academic year.

3. The context of teaching practice

The Teaching Practice Course is a 5-credit, required course, which is normally 

conducted in the first semester of the fourth year of the study in the physics education 

program. This course aims at providing a preservice physics teacher with authentic 

experience in teaching physics in the secondary school. In doing so, the preservice 

physics teacher was required to practice physics teaching in a secondary school for 

one semester under the supervision of a cooperating teacher and an university 

supervisor.
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In this study, in the first semester of 2005 academic year, all preservice 

physics teachers were asked to pair and select and contact the secondary schools in 

which they would perform their teaching practice. Two secondary schools in 

Thonburi, Bangkok, responded to them. Generally, during teaching practice, each 

preservice physics teacher was supervised by one cooperating teacher, while each pair 

of them was supervised by one university supervisor. The context of teaching practice 

can be shown as in Table 3.1. Pseudonyms were used to represent names of the 

secondary schools, the cooperating teachers and the university supervisors.

Table 3.1 Context of Teaching Practice

Name School University supervisor Cooperating teacher
Julie Cooperating Teacher A

Mark
School A University Supervisor A

Cooperating Teacher B

Sam Cooperating Teacher C

Cathy
School B University Supervisor B

Cooperating Teacher D

3.1 Context of School A

3.1.1 Cooperating Teacher A

Cooperating Teacher A is a male, experienced physics teacher,

who had 27 years of teaching experience, and was officially assigned by School A to

supervise Julie during teaching practice. He had started his teaching career as a

physics teacher in School A in 1978 and had graduated a Master of Education degree

majoring in physics education in 1988. He realized that training a preservice physics

teacher to be an effective physics teacher is a hard and time-consuming job.

Nevertheless, he accepted to be a cooperating teacher for Julie the first time it was

requested from him because “training a preservice physics teacher to be able to teach

effectively gives enormous long-term advantages for our society.” Although

Cooperating Teacher A had long-term experience in teaching physics, he had never
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been trained in any school/university workshops or programs on how to be an

effective cooperating teacher.

3.1.2 Cooperating Teacher B

Cooperating Teacher B is a male, experienced teacher, who had

21 years of experience in teaching physics and science, and was officially assigned by

School A to supervise Mark during teaching practice. He had graduated a Bachelor

Degree majoring in Science Teaching in 1974. He had no experience in training a

preservice physics teacher; he only had ever trained four preservice science teachers

in the period, ten years ago. In addition, even though Cooperating Teacher B had

long-term experience in teaching science and physics, he stated that he had never been

trained in any school/university workshops or programs on how to be an effective

cooperating teacher.

3.2 Context of School B

3.2.1 Cooperating Teacher C

Cooperating Teacher C is a female, experienced biology teacher,

who had 20 years of experience in teaching science to lower secondary students and

was officially assigned by School B to supervise Sam during teaching practice. She

graduated a Bachelor of Education degree majoring in Biology. Although she had

long-term experience in teaching science, she had little experience as a cooperating

teacher because throughout her teaching career, she had ever supervised only three

preservice science teachers and had never supervised any preservice physics teachers.

Also, she had not been trained in any school/university workshops or programs on

how to be an effective cooperating teacher.
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3.2.2 Cooperating Teacher D

Cooperating Teacher D is a male, experienced physics teacher,

who had 34 years of experience in teaching physics and was officially assigned by

School B to supervise Cathy during teaching practice. He graduated a master degree

in physics education. He had little experience as a cooperating teacher because,

throughout his teaching career, he had trained only three preservice physics teachers.

Also, although Cooperating Teacher D had long-term experience in teaching physics,

he had never been trained in any school/university workshops or programs on how to

be an effective cooperating teacher.

3.3 University Supervisor A

University Supervisor A is a male, lecturer, who was assigned by the

Faculty of Education, Rajabhat University, to supervise Julie and Mark during their

teaching practice at School A. He maybe regarded as a novice university supervisor

because he had just changed his career from a lecturer in a Vocational Institute to that

of a lecturer at Faculty of Education, Rajabhat University. He completed Master of

Science in Technical Education (Electrical Engineering).

3.4 University Supervisor B

University Supervisor B is a male, lecturer, who was assigned by the

Faculty of Education, Rajabhat University, to supervise Cathy and Sam during their

teaching practice at School B. Similarly to University Supervisor A, he maybe

regarded as a novice university because this was the first time for him in training

preservice physics teachers during teaching practice. He completed Master of

Education in Educational Technology.
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4. Data collection methods

During teaching experience, the researcher employed the following methods to

collect data concerning the preservice physics teachers’ development and

implementation of PCK.

4.1 Classroom observation and semistructured interview after teaching

The researcher observed each preservice physics teacher’s teaching two

times per month or six times in total by using the guideline of classroom observation

by taking a role as a non-participant observer which covers knowledge components of

PCK. The classroom teaching was videotape recorded and viewed afterwards by the

researcher for the coverage of observation and further analysis.

After finishing each class, the researcher conducted the semistructured

interview with each preservice physics teacher. The major aims of the interview are:

(a) to clarify the ambiguities found from the observation that may lead to

misinterpretations; and (b) to acquire more details about the development and

implementation of PCK. The interview was also audiotape recorded for further

analysis.

The guideline for classroom observation was validated by the panel of

experts—one physicist from the Faculty of Science and one experienced physics

teacher from the Demonstration School of one public university, Bangkok; and two

physics methods course instructors from the Faculty of Education and the Faculty of

Science and Technology, Rajabhat University, Bangkok. The aspects of validation

were: (a) the clarity of aspects to be observed; (b) the coverage correspondence

between those aspects and the conceptualization of PCK; and (c) the practicality of

the guideline of classroom observation. Also, the guideline of semistructured

interview after teaching was validated with respect to its clarity and ability in probing

PCK. The panel of experts approved the guideline of observation and interview after
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teaching about their clarity, practicality and coverage correspondence with the

conceptualization of PCK.

4.2 Semistructured interview with cooperating teacher and university 

supervisor

The cooperating teachers and university supervisors were individually

interviewed two times, at the middle and the end of teaching practice. These

interviews aimed at deriving additional data from the influential persons with respect

to how, and to what extent, the preservice physics teachers develop and implement

their PCK during teaching practice. The interview was also audiotape recorded for

further analysis.

The questions used in the guideline of semistructured interview of the

cooperating teachers and the university supervisors were validated by the panel of

experts as stated earlier. The aspects of validation were the clarity and ability of

interview questions in stimulating the cooperating teachers and the university

supervisors to reflect on the preservice physics teachers’ development and

implementation of PCK. The panel of experts accepted the guideline of interview with

respect to those aspects.

4.3 Collection of related documents

The researcher collected all documents that the preservice physics

teachers created during teaching practice such as the lesson plans, worksheets,

assignments, tests, journals and portfolios. These documents were expected to provide

additional data, which when being incorporated with the data from other sources,

could provide the complete picture of the preservice physics teachers’ development

and implementation of PCK during teaching practice.
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5. Data analysis

To answer the research question of the second phase—how, and to what

extent, the preservice physics teachers develop and implement their PCK during

teaching practice, the data derived from various data collection methods and sources

were analyzed in two ways: the within-case analysis and the cross-case analysis. The

within-case analysis is conducted by using the constant comparative method (Glaser

and Strauss, 1967) as described previously in the first phase of the study. In addition,

after finishing the within-case analysis, the cross-case analysis was conducted through

the variable-oriented analysis and the case-oriented analysis (Miles and Huberman,

1994; Moje and Wade, 1997: 695). The combination of variable-oriented and case-

oriented analyses was useful for finding patterns, relationships and themes of the

development and implementation of PCK across the cases of four preservice physics

teachers (Ragin, 1987 cited in Miles and Huberman, 1994: 174).

6. Triangulation

To enhance the validity of the second phase, the researcher employed both

methodological and data triangulation. According to the methodological triangulation,

various data collection methods were used: (a) classroom observation of the

preservice physics teachers and semistructured interview after teaching; (b)

semistructured interview with the cooperating teachers and the university supervisors;

and (c) collection of related documents. In addition, according to the data

triangulation, the data was collected from different sources, i.e., the preservice physics

teachers, the cooperating teachers and the university supervisors. The aim of both

methodological and data triangulation was to cross-validate the data derived from

various data collection methods and sources in order to verify the sufficiency,

convergence and confirmability of the study.



CHAPTER IV

RESEARCH INTERVENTION

The research intervention employed in the first phase of the study was the

PCK-based Physics Methods Course, which is a 3-credit, 16-week course that was

conducted in the second semester of the 2004 academic year at one Rajabhat

University in Bangkok. It is a required course that all preservice physics teachers must

complete before performing teaching practice in secondary schools in the subsequent

semester. This course was developed to substitute the Methods and Approaches in

Teaching Physics Course (1023607) within the specialized education courses of the

four-year Rajabhat University Curriculum for preparing physics teachers to a

Bachelor in Education degree with the major goal at helping the preservice physics

teachers develop their PCK. The teaching and learning processes in the course took

normally four periods per week.

Guiding Principles underpin the PCK-based Physics Methods Course

Eight guiding principles derived from the literature review underpin the

learning activities conducted in the PCK-based Physics Methods Course and can be

illustrated as follows.

1. Using constructivism as an epistemological basis of teaching and learning

An epistemological basis of the PCK-based Physics Methods Course is

constructivism because: (a) the process of learning to teach itself is constructivist—

the preservice physics teachers derive new experiences through social interactions

within cooperative, group-work activities conducted in the course and interpret them

based on their prior knowledge and experiences; and (b) constructivism is required in

the process of PCK development concerning the interaction of content and

pedagogical knowledge. The course instructor took a role as a facilitator, who is
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responsible for encouraging, helping and guiding the preservice physics teachers to

develop PCK. The preservice physics teachers, on the one hand, took a role as active

learners, who are responsible for their learning by actively participating in various

constructivist learning activities and constructing or developing PCK themselves. In

addition, the surveys of the preservice physics teachers’ prior knowledge and

experiences concerning knowledge components of PCK were conducted at the

beginning of the course. The information derived from these surveys served the

course instructor as the guidelines in selecting, designing and employing the

constructivist learning activities to suit the preservice physics teachers’ backgrounds

in order to help them develop their PCK.

Additionally, to develop more understanding about the key ideas of the

constructivist theory and constructivist teaching strategies, the preservice physics

teachers were required to study and analyze the key ideas of the constructivist mode

of learning and four types of constructivist teaching strategies—the interactive

teaching approach, the generative learning model of teaching, the constructivist

teaching sequence and cooperative learning.

2. Preparing lesson plans

Preparing lesson plans potentially help the preservice physics teachers develop

their PCK because it stimulates them to think analytically and critically about

particular content in the teaching perspective—how to transform specific concepts

into forms that are accessible or understandable to students with variations in abilities

and backgrounds. Therefore, in the second week of the PCK-based Physics Methods

Course, all preservice physics teachers were required to prepare the pre-lesson plans

of force and motion concepts such as force, net force, friction and Newton’s laws. In

addition, before performing micro-teaching, they were required to revise their created

pre-lesson plan and prepare the post-lesson plan of force and motion concepts.
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3. Discussing about cases

Case discussion appeared as one potential way to help the preservice physics

teachers develop their PCK because it encourages them to think analytically about

specific dilemmas of physics teaching and learning in the cases and seek out various

ways to solve those dilemmas by integrating their content and pedagogical

knowledge. Thus, during the fourth and fifth weeks of the PCK-based Physics

Methods Course, the preservice physics teachers were required to read, analyze and

discuss about two written cases, namely, “Force and Inertia” and “Reaction Force”,

which contain specific dilemmas of teaching and learning stemmed from student

alternative conceptions and inappropriate use of teaching strategies.

4. Deriving experiences from teaching and observing other teachers’ teaching

The literature strongly indicates teaching experience is a major factor

influencing preservice teachers’ development of PCK. Thus, in the PCK-based

Physics Methods Course, the preservice physics teachers are encouraged to derive

teaching experiences in two major ways: (a) experience from teaching by themselves

through micro-teaching; and (b) experience from observing other teachers’ teaching,

that is, the physics teachers’ teaching in secondary schools, the course instructor’s

teaching throughout the course and their peers’ micro-teaching.

5. Using the course instructor as a role model of PCK teaching

According to the literature, preservice teachers tend to teach in a way they are

taught rather than in a way they are being told or required to teach. Consequently,

preservice teachers should have opportunities to engage in a desirable learning

environment similar to what they are expected to create in their own classrooms.

Therefore, the period of PCK modeling of force and motion was conducted during the

seventh to eleventh weeks of the PCK-based Physics Methods Course with the major

aim at encouraging the preservice physics teachers to become aware that effective

physics teaching requires the teacher’s ability to integrate constructivist teaching
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strategies with the specific concepts they intend to teach. During this period, the

course instructor, who took a role as a secondary physics teacher, conducted a variety

of constructivist learning activities to help the preservice physics teachers, who took a

role as secondary science students, to understand force and motion concepts.

6. Performing micro-teaching

Teaching experience is seen as an important factor influencing preservice

teachers’ PCK development; accordingly, a period of micro-teaching was conducted

during the twelfth to fifteenth weeks of the PCK-based Physics Methods Course in

order to provide the preservice physics teachers with direct-experiences in teaching.

During this period, each preservice physics teacher was required to perform micro-

teaching by taking a role as a secondary physics teacher, while their peers attended

the class by taking a role as secondary science students. After finishing each micro-

teaching, all preservice physics teachers were required to reflect on their derived

knowledge and experiences concerning performed micro-teaching.

7. Reflecting acquired knowledge and experiences

The reflection ability is regarded as one of factors that most influences

preservice teachers’ PCK development. Consequently, throughout the PCK-based

Physics Methods Course, the preservice physics teachers were provided with

opportunities to reflect on their derived knowledge and experiences in two major

ways. First, at the end of each week, they were required to verbally reflect on these

aspects through the class discussion: (a) the development of each knowledge

components of PCK; (b) the integration of PCK into classroom practice; (c) feelings

and derived experiences; (d) problems encountered in learning and potential solutions;

and (e) suggestions for further improving the course. Second, they were asked to

personally reflect on these mentioned aspects in their weekly journals.
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8. Using formative and authentic assessment

Because preservice teacher’s PCK progressively develops over time through

the processes of planning, teaching and reflecting of a particular subject matter,

assessment of preservice teachers’ development of PCK should be continuous along,

or integrated in the teaching and learning processes conducted in courses of the

teacher education program. Therefore, formative and authentic assessment were

employed throughout the PCK-based Physics Methods Course through these forms:

(a) observation of the preservice physics teachers’ participation in the class such as

questioning, answering, presenting and discussing; (b) examining their artefacts such

as assignments, worksheets, journals and so forth; (c) informal interview; and (d)

tracking their portfolios.

Features of the PCK-based Physics Methods Course

The researcher designed and developed the PCK-based Physics Methods

Course by integrating the conceptualization of PCK and eight guiding principles as

stated in the literature review. The overview of the PCK-based Physics Methods

Course can be shown as Figure 4.1.
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Figure 4.1  Overview of the PCK-based Physics Methods Course

The learning activities included in the 16 week PCK-based Physics Methods

Course can be divided into four main periods—(a) weeks 1-3: the preparation for

PCK development; (b) weeks 4-6: the period of classroom observation and written

cases discussion; (c) weeks 7-11: the period of PCK modeling of force and motion;

and (d) weeks 12-15: the period of micro-teaching. Those activities can be

summarized as shown in Table 4.1.

PCK-based Physics
Methods Course

Content Pedagogy Assessment Curriculum
development

Lesson plan
of force and

motion

Field
experiences

Observation
of physics
classrooms

Interview
physics
teachers

Concepts of
force and
motion

Constructivist
teaching
strategies

Assessment
methods

includes
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Table 4.1  Learning Activities in the PCK-based Physics Method Course

Period Week Activity
1st • Introduction of PCK-based Physics Methods Course

• Reviewing knowledge of curriculum
• Participants studying, doing worksheet and discussing

about three national documents concerning education and
curriculum – the National Education Act (1999), Basic
Education Curriculum (2001) and National Science
Curriculum Standards (2002)

• Assigning each participant to prepare lesson plan of force
and motion

2nd • Reviewing knowledge of teaching strategies
• Participants studying, doing worksheet and discussing

about constructivist and transmission modes of learning
• Participants studying, presenting and discussing about

constructivist teaching strategies

Preparation
for PCK

development

3rd • Reviewing knowledge of assessment
• Participants studying, doing worksheet and discussing

about formative, authentic and summative assessment

4th • Participants observing physics teaching in secondary
schools and interviewing physics teachers

• Participants presenting results of analyses of observed
physics teaching and interview followed by class
discussion

Period of
classroom

observation
and written

cases
discussion

5th

6th

• Participants reading, analyzing and discussing about first
written case: “Force and Inertia”

• Participants reading, analyzing and discussing about second
written case: “Reaction Force”

Period of
PCK

modeling on
force and
motion

7th

8th

9th

10th

11th

• PCK modeling of force and net force followed by class
discussion

• PCK modeling of Newton’s first law followed by class
discussion

• PCK modeling of Newton’s second law followed by class
discussion

• PCK modeling of Newton’s third law followed by class
discussion

• PCK modeling of change of momentum and force followed
by class discussion
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Table 4.1  (Continued)

Period Week Activity

Period of
micro-

teaching

12th

13th

14th

15th

• First participant performing micro-teaching followed by
class discussion

• Second participant performing micro-teaching followed by
class discussion

• Third participant performing micro-teaching followed by
class discussion

• Fourth participant performing micro-teaching followed by
class discussion

Overall
summary

16th • Participants reflecting overall knowledge and experiences
acquired from participating in the PCK-based Physics
Methods Course

The following are the details of learning activities conducted in each period.

1. Period of preparation for PCK development

The preservice physics teachers came to the PCK-based Physics Methods

Course with a variety of prior knowledge and experiences concerning curriculum,

teaching and learning, and assessment. Therefore, based on the constructivist theory

being employed as a basis of teaching and learning in the course, during the first three

weeks of the course the researcher, who took the role of the course instructor,

reviewed the preservice physics teachers’ prior knowledge and experiences regarding

curriculum, instructional strategies and assessment. The derived information served

the course instructor as the guidelines in preparing them for further developing PCK.

That is, the preservice physics teachers’ knowledge components of PCK (i.e.,

orientations towards teaching and knowledge of science curriculum, instructional

strategies, students’ learning and assessment) were further developed through various

learning activities conducted during this period including the analysis of curriculum,

the study of constructivist and transmission modes of learning and constructivist

teaching strategies (i.e., the interactive teaching approach, the generative learning
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model of teaching, the constructivist teaching sequence and cooperative learning), and

the study of formative, authentic and summative assessment.

In addition, in the second week of the course the preservice physics teachers

were assigned to prepare the lesson plan of force and motion. The aim of this activity

was to encourage them to think critically about how to teach force and motion

concepts in order to make secondary science students understand. The reflections

about the created lesson plans are also very important. Accordingly, the preservice

physics teachers were additionally given opportunities to discuss about their created

lesson plans with their peers and course instructor, and reflect on what they had

learned from this activity.

2. Period of classroom observation and written cases discussion

In the fourth week of the PCK-based Physics Methods Course, the preservice

physics teachers were required to observe and interview physics teachers in secondary

schools, and subsequently discuss and reflect on knowledge and experience acquired.

This activity aims to encourage the preservice physics teachers to be aware of the

complexity of classroom practice and gain teaching experience from observing other

teachers’ teaching. It also potentially promotes the preservice physics teachers’ PCK

development by stimulating them to think about how to integrate knowledge of

physics content and constructivist teaching strategies.

In addition, in the fifth to sixth weeks of the PCK-based Physics Methods

Course, the preservice physics teachers were required to read, analyze and discuss two

written cases. The first written case, Force and Inertia, was developed from the Goroff

and Wilkinson (1993) study, while the second written case, Reaction Force, was

developed from the Mintrell (1982) study. Both cases contain specific dilemmas of

teaching and learning force, net force and Newton’s laws of motion. The case

discussion activities aim at: (a) stimulating the preservice physics teachers to be able

to notice the dilemmas of teaching and learning situated in the cases and seek out
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various strategies to cope with them; and (b) helping them to be aware of integrating

all knowledge components of PCK for effective physics teaching.

3. Period of PCK-modeling of force and motion

The period of PCK-modeling of force and motion was conducted during the

seventh to eleventh weeks of the PCK-based Physics Methods Course. It aims at

encouraging the preservice physics teachers to: (a) see examples of effective physics

teaching and learning of force and motion; (b) get direct experience as a learner in the

constructivist learning environment, which is the one they are expected to create in

their future teaching; and (c) realize the importance of integrating physics content

with constructivist teaching strategies and develop PCK for effective physics

teaching. In the modeling, the course instructor took a role as a secondary physics

teacher and conducted the constructivist learning activities to help the preservice

physics teachers, who took a role as secondary science students, understand force and

motion concepts, i.e., force and net force, Newton’s laws and the change of

momentum.

At the end of each week during the period of PCK modeling, the preservice

physics teachers were required to analyze and discuss about the teaching and learning

processes that occurred with respect to these aspects: teaching objectives;

introduction, teaching and conclusion stages; teaching materials and assessment;

physics content; and integration between physics content and constructivist teaching

strategies. The discussion about students’ likely alternative conceptions and learning

difficulties of force and motion and the constructivist teaching strategies for coping

with those alternative conceptions and learning difficulties were also conducted

because this kind of discussion potentially promotes the preservice physics teachers’

development of PCK. In addition, they were required to reflect on: (a) derived

knowledge and experiences with respect to those mentioned aspects; (b) conceptual

growth of force and motion; and (c) PCK development concerning how to integrate

physics content with constructivist teaching strategies. The end-of-week discussion

and reflection aim to encourage the preservice physics teachers to integrate five major
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knowledge components of PCK—orientations toward teaching physics; knowledge of

science curriculum with respect to physics; knowledge of students’ understanding in

physics; knowledge of instructional strategies for teaching physics; and knowledge of

assessment in physics—to become PCK for effective physics teaching.

Because the PCK-based Physics Methods Course based on the constructivist

theory emphasizes learners’ existing conceptions, before the period of PCK modeling

the course instructor investigated the preservice physics teachers’ prior conceptions

about force and motion. In doing so, the interview-about-instance (IAI) technique

(Osborne and Gilbert, 1980) was employed. By using this technique, the interviewee

is shown instances, that is, a set of simple line-drawings of objects in various

situations, and asked questions related to force(s) acting on objects in those situations.

During the period of PCK modeling, the information about the preservice

physics teachers’ prior and alternative conceptions about force and motion derived

from the IAI technique served the course instructor as the guidelines in selecting and

conducting the constructivist teaching strategies appropriate to their existing

conceptions in order to help them understand the scientific conceptions of force and

motion or modify their alternative conceptions into scientific ones.

4. Period of micro-teaching

During the twelfth to fifteenth weeks of the PCK-based Methods Course, each

preservice physics teacher was required to perform micro-teaching. In doing so, the

preservice physics teacher must: select specific concepts of force and motion; prepare

the lesson including the teaching objectives, learning activities, teaching materials and

assessment methods and instrument; and, subsequently, perform micro-teaching of

selected concepts to his/her peers. When one preservice physics teacher performed

his/her micro-teaching, the others must participate in micro-teaching by taking a role

as secondary science students. The period of micro-teaching aims at encouraging the

preservice physics teachers to: (a) derive teaching experience from teaching by

himself/herself and observing others’ teaching; and (b) be aware of the complexity of
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physics teaching and learning and integrating knowledge components of PCK for

effective physics teaching.

After finishing each micro-teaching, the preservice physics teachers were

required to analyze and discuss the teaching and learning processes that occurred

regarding these aspects: teaching objectives; introduction, teaching and conclusion

stages; teaching materials and assessment; physics content; integration between

physics content and constructivist teaching strategies; and problems of teaching and

learning and suggestions for solving those problems. In addition, they were required

to reflect on what they had learned and experienced from participating in micro-

teaching concerning these mentioned aspects.

5. Overall summary

In the final week of the PCK-based Physics Methods Course, all preservice

physics teachers were required to holistically reflect on knowledge and experiences

acquired from participating in the course concerning teaching objectives; introduction,

teaching and conclusion stages; teaching materials and assessment; physics content;

integration between physics content and constructivist teaching strategies; and

problems of teaching and learning encountered during the course and suggestions for

further improving the course. This activity aims to encourage them to realize how,

and to what extent, they develop each knowledge component of PCK and integrate all

knowledge components to become PCK.

Validation of the PCK-based Physics Methods Course

All of learning activities and instruments included in the PCK-based Physics

Methods Course (that is, the 16-week lesson plans, worksheets, lesson preparation,

written cases, and guidelines of classroom observation, and interview after, micro-

teaching) were validated by the panel of experts concerning their clarity and

practicability in terms of appropriateness and usefulness for helping the preservice

physics teachers develop their PCK. The panel of experts consists of one physicist
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from the Faculty of Science and one experienced physics teacher from the

Demonstration School of one public university, Bangkok; and two physics methods

course instructors from the Faculty of Education and the Faculty of Science and

Technology, Rajabhat University, Bangkok.

The researcher set the meeting with all experts and presented and explained all

learning activities and instruments included in the course. At the end of the meeting,

the experts were asked to give feedback and suggestions for improving the course.

Almost all of learning activities and instruments included in the course were approved

by the experts. There were only few changes suggested for the course. In this case, the

main suggestions involved the appropriateness of learning activities included in the

period of PCK modeling of force and motion such as the demonstration and

experiment of Newton’s third law which should be changed and more clarification of

unclear force and motion concepts appeared in the lesson plans of Newton’s second

and third laws.



CHAPTER V

RESULTS OF PHASE I OF THE STUDY

This chapter is divided into two main parts. The first part presents the results

of the first phase of the study addressing this research question: how, and to what

extent the preservice physics teachers develop PCK from participating in the PCK-

based Physics Methods Course. In this part, the results of the study are presented

according to the four main periods of the course: (a) the period of preparation for

PCK development; (b) the period of classroom observation and case discussions; (c)

the period of PCK modeling of force and motion; and (d) the period of micro-

teaching. In the second part, the common findings that emerged from the cross-case

analysis of all preservice physics teachers’ development of PCK participating in the

course are also presented. Throughout this chapter, pseudonyms were used to

represent the preservice physics teachers’ names, that is, Julie, Mark, Cathy and Sam.

The Case of Julie

1. Julie’s development of PCK in PCK-based Physics Methods Course

1.1 Period of preparation for PCK development

At the beginning of the course, Julie was asked to complete the Survey of

Prior Knowledge and Learning Goals, which aims to explore her prior knowledge,

experience and expectations about the teaching and learning processes in the course.

This survey revealed that although Julie had completed many courses on curriculum,

teaching and learning, and assessment, she knew little about them and had little

teaching experience as quote:
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I knew the Thai Science Curriculum is divided into four levels and consists of

eight substances. I had experience in creating lesson plans and teaching

materials, and teaching science for Grade 6 students for two-hours periods. I

had experience in creating a test and a questionnaire and knew that teachers

should assess students’ learning before, during and after teaching. (1st week

Survey of Prior Knowledge and Learning Goals)

In addition, Julie perceived the methods course instructor as a role model of good

physics teaching, and the teaching and learning processes expected to occur in the

course as a transmission mode of learning (i.e., a preservice teacher has a major role

in receiving knowledge transferred from an instructor) and as a way to accomplish her

goal—“being a good and beloved physics teacher.” In the course, she expected to

learn “various teaching methods to apply in future teaching and how to create lessons,

learning activities and environment to stimulate students’ eagerness to learn” (Letter

at the beginning of the course).

The first task in this period was analyzing key ideas about learning goals,

teaching guidelines, teaching materials and assessment mentioned in the National

Education Act (1999), the Basic Education Curriculum (2001) and the National

Science Curriculum Standards (2002), and identifying the relationships among these

documents. This task helped Julie’s understanding about curriculum regarding those

aspects. That is, she could correctly identify key ideas about learning goals (i.e.,

developing the student to be a competent, virtuous and happy person) teaching

guidelines (i.e., regarding students as being most important and encouraging them to

develop with their best potentials), and assessment (i.e., assessing students’

intellectual, emotional and mental development). She could also identify various

kinds of teaching materials (e.g., textbooks, VDO, experiment materials, etc.), but

could not identify their common desirable characteristics. Importantly, this task

stimulated Julie to realize the importance of student-centered teaching and learning

(i.e., helping students learn with direct-experience, thinking and practice, and

emphasizing students as being most important) and the core idea of PCK—“setting

learning activities to suit students’ interests and skills.”
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Although teaching and learning in the first week went well, Julie felt

uncomfortable with constructivist learning activities because they demanded more

thinking skills, unlike the transmission mode of learning (i.e., lecture) with which she

was familiar. She complained that: “There are many tasks and worksheets to

complete” (1st week journal).

The Survey of Favourite Teaching Strategy in the second week showed

that Julie’s favourite teaching strategies were teaching using games, demonstrations

and field trips because: “These teaching strategies stimulate students’ interest and

attention in learning by seeing and touching.” This showed that student interest and

attention in learning are the main consideration for Julie when teaching.

Julie was then required to analyze the key ideas, teaching and learning

processes, and strengths and weaknesses of the transmission and constructivist modes

of learning. From this task, Julie gained more understanding about both modes,

especially their differences. That is, in the transmission mode, a teacher pays little

attention to students’ prior knowledge; students are not active in learning. On the

contrary, students, in the constructivist mode, develop new ideas based on their prior

knowledge and experience; so, their construction of knowledge may be varied. She

additionally stated that the constructivist mode corresponds to, and is strongly

emphasized in, the National Education Act (1999), the Basic Education Curriculum

(2001) and the National Science Curriculum Standards (2002).

At the end of the second week, Julie reflected that she gradually adapted

herself to constructivist learning activities and she developed positive attitudes toward

them. The following changes in Julie were observed: (a) greater understanding about

the constructivist theory; and (b) direct experience as a learner in the constructivist

learning environment.
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  I had experience in presenting my study in front of the class that made me 

more self-confident. It’s so good! I was not sleepy. All of us discussed and 

shared ideas all the period. I did enjoy myself while learning. (2nd week 

journal)

In the third week of the course, each preservice physics teacher was

required to select one constructivist teaching strategy, and study and apply it in

writing a pre-lesson plan of selected concepts of force and motion, and, finally,

present it to the class. There were four constructivist teaching strategies from which to

select, i.e., the constructivist teaching sequence, the interactive teaching approach, the

generative learning model of teaching and cooperative learning.

Julie selected to study the constructivist teaching sequence and apply it in

writing the pre-lesson plan of Newton’s third law. Her teaching sequence according to

the constructivist teaching sequence consisted of: (i) investigating students’ prior

knowledge through the “dropping a table tennis ball” demonstration, the “tug-of-war”

activity and the concept survey; (ii) students designing their own investigations; (iii)

students applying acquired knowledge on the worksheet; and (iv) students concluding

the lesson. Even though she could well summarize and apply the constructivist

teaching sequence, there still were several weak points in her pre-lesson plan of

Newton’s third law. Firstly, in the teaching objectives, Julie only emphasized students

getting first-hand experience, understanding of Newton’s third law and applying it in

real life situations, but neglected students’ development in the affective domain.

Secondly, details of questions used and expected answers were not provided. Thirdly,

although the tug-of-war activity, as she proposed, may help students to experience

action-reaction, using this activity alone is unlikely to lead students to understand two

key concepts of action-reaction: (i) action equals reaction; and (ii) action-reaction can

act at a distance. Finally, students might not be able to design their own investigations

about Newton’s third law if there is no strong support from the teacher.

The Survey of Favourite Assessment Method in the third week of the

course revealed that Julie was familiar with and appreciate the summative assessment
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method as test because “test is an assessment tool that is fair.” The aim of assessment

in her view was just for grading rather than improving subsequent teaching and

learning processes.

After Julie read, completed the worksheet and discussed about formative,

summative and authentic assessment, she reflected on more understanding about these

kinds of assessment, especially formative assessment. That is, she recognized the use

of classroom observation, students’ questions and answers, journals, worksheets,

tasks, experiments, pre- and post-tests and portfolio in assessing students’ learning

outcomes.

To sum up, the learning activities conducted during the period of

preparation for PCK development helped Julie to: (a) develop positive attitudes

toward constructivist teaching and learning; (b) develop each knowledge component

of PCK; and (c) express the core idea about PCK. Particularly, the summary of her

development of each knowledge component of PCK can be summarized as Table 5.1.

Table 5.1  Summary of Julie’s Development of Knowledge Components of PCK

Knowledge
component of PCK

Development

Orientations toward
teaching

• Emphasize student-centered orientation
• Emphasize students’ first-hand experience, understanding

of scientific concepts and their application in real life
situations

Knowledge of
curriculum

• Understand key ideas about learning goals, teaching
guidelines, teaching material and assessment mentioned in
National Education Act (1999), Basic Education
Curriculum (2001) and National Science Curriculum
Standards (2002) and their relationships

• Aim at developing students to be competent, virtuous and
happy people

• Regard students as being most important
• Encouraging students to develop themselves to their best

potentials
• Identify various curricular materials
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Table 5.1  (Continued)

Knowledge
component of PCK

Development

Knowledge of
students’ learning

• Understand what students are required to learn in each level
mentioned in National Science Curriculum Standards

Knowledge of
instructional

strategies

• Understand key ideas, teaching and learning process,
strengths and weaknesses, and differences between
transmission and constructivist modes of learning

• Regard constructivist mode as corresponding to National
Education Act, Basic Education Curriculum and National
Science Curriculum Standards

• Understand key ideas of constructivist teaching strategies,
especially constructivist teaching sequence

• Be able to arrange learning activities according to
constructivist teaching sequence

Knowledge of
assessment

• Aim at assessing students’ intellectual, emotional and
mental development

• Understand key ideas of formative, authentic and
summative assessment

1.2 Period of classroom observation and case discussions

In the fourth week, the preservice physics teachers were required to work

in pair observing and interviewing a physics teacher at a secondary school in

Nonthaburi Province. These are the focuses of classroom observation: introduction,

teaching and conclusion stages, teaching materials and assessment methods, content

and classroom behaviors. After finishing the class, they interviewed the physics

teacher about his/her preparation, teaching objectives, sequence of content, selections

of teaching strategies, teaching materials and assessment methods, views of teaching

and learning, and problems in teaching. After that, they analyzed what derived from

this task into these aspects—introduction of lesson, teaching strategies, classroom

management, teaching materials, conclusion of lesson, assessment, physics content,

strengths and weaknesses of teaching and aspects learned—and presented it to the

class.
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From the classroom observation, Julie mentioned several strengths of the

physics teacher’s teaching, that is, giving correct explanations, good self-control,

speaking in an appropriate voice and tone, and using series of questions to probe

students’ understanding. In contrast, she also noticed several weaknesses in his

teaching that stemmed from himself (i.e., using few teaching materials that could not

motivate students’ interest in learning and paying little attention to the misbehaved

students) and his students (i.e., having weak prior knowledge and paying little

attention to learning). To cope with these weak points, Julie suggested that the teacher

should: (a) use more interesting teaching materials such as real objects to motivate

students’ interest in learning; (b) pay equal attention to all students; (c) regard

students as being most important; and (d) encourage students to construct knowledge

by themselves. This reflected Julie’ ability to think analytically and critically about

observed teaching and the ways to further improve teaching emphasizing

constructivism and the student-centered approach. In addition, she reflected that

observation of, and interview with, the physics teacher gave her valuable experiences

because she learned a lot from the strengths and weaknesses of the physics teacher’s

teaching and planned to apply them to her future teaching. This task also enhanced

Julie’s inclination to employ constructivist activities in her future teaching: “I will not

stick to the traditional strategy as lecture. On the contrary, I will apply constructivist

teaching strategies in my future teaching to encourage students to construct

knowledge by themselves.”

The aspects Julie learned from classroom observation and interview with

the physics teacher can be illustrated as in Table 5.2.
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Table 5.2  Aspects Julie Learned from Classroom Observation and Interview with

Physics Teacher

Aspect What Julie had learned
Introduction

of lesson
• Introduction stage is very important
• Teacher should review students’ prior knowledge
• Activities used (e.g., experiment or questions) link with content

intended to teach

Teaching
strategies

• View students as center of teaching and learning
• Use constructivist learning activities to stimulate students’ interest

in learning and encourage them to construct knowledge by
themselves

• Student has a responsibility to discuss and make argument
• Teacher has a responsibility to guide and promote students’

learning by using a variety of teaching strategies suitable with
content taught

Classroom
management

• Pay attention to all students
• Stimulate students’ intention in learning by using interesting

learning activities (e.g., game, experiment, discussion, etc.)

Conclusion
of lesson

• Give chance to students to conclude lesson with teacher
• Check students’ learning or constructed knowledge

Teaching
materials

• Be real and varied
• Involve the students so that content is easier to learn

Assessment • Use assessment methods suitable with content taught
• Use a variety of assessment methods (e.g., observation, test,

evaluation form, etc.)

Physics
content

• Teacher should have strong content knowledge
• Teacher should teach content suitable with students’ ages—content

taught should not be too easy, nor too difficult

The underlines in Table 5.2 show that the classroom observation and interview with

the physics teacher activity encouraged Julie to realize the importance of relating

various knowledge components of PCK (i.e., orientations towards teaching and

knowledge of instructional strategies, teaching materials, assessment, students’

learning) together.
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During the fifth to sixth weeks of the course, the preservice physics

teachers were required to read, analyze and discuss about two written cases. The first

written case, “Force and Inertia”, portrays the dilemmas of teaching Newton’s first

law, which stem from two main sources: (a) the teacher’s anxiety, inappropriate use

of teaching strategy and questions, and inability to link Newton’s first law with the

real world; and (b) students’ alternative concepts and familiarity with memorizing

physics equations rather than deep understanding of their meanings. After finishing

reading the case, the preservice physics teachers analyzed it into these aspects:

teaching objectives, introduction of lesson, survey of students’ prior knowledge,

teaching and learning processes, teaching materials, students’ thinking, assessment

and evaluation, and the teacher’s understanding. Finally, they were required to discuss

their analyses with the class.

For Julie, she could notice the dilemmas of teaching and learning situated

in the Force and Inertia case, which originated from the teacher (i.e., anxiety, using

too difficult questions; using few teaching materials; and misunderstanding about

Newton’s first law) and students (i.e., alternative concept about Newton’s first law—

no force acting on an at rest object). In her suggestions for improving teaching, Julie

expressed various ideas relating knowledge components of PCK together, for

example, “using simple questions that are familiar to students, then gradually adding

more difficult questions” and “using an experiment linking with content and making

students learn by themselves easily.” This expressed Julie’s increased concern about

students’ learning. In addition, the teacher’s misunderstanding about the concept

taught in the case made Julie realize the importance of strong content knowledge for

teachers.

In the sixth week, the preservice physics teachers were assigned to read,

analyze and discuss the written case entitled “Reaction Force.” This case portrays the

teaching and learning dilemmas that stem from different ideas expressed by two

groups of students, one related to a scientific concept, and the other not.
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From the Reaction Force case discussion, although Julie could notice the

differences of students’ ideas about reaction, she could not notice the students’

alternative conception about reaction—no reaction acting on an at-rest object. She

realized the importance of introducing the lesson with interesting learning activities

and materials. In addition, she developed more understanding about: (a) using

teaching materials that are real, easy to prepare, raise students’ participation and help

them understand content easier; (b) conducting constructivist teaching and learning

that enhance students’ participation and promote student self-construction of

knowledge; and (c) how to use the demonstration technique in teaching reaction and

series of questions for encouraging students’ constructive discussions. Most

importantly, Julie reflected on her understanding about PCK by stating that: “The

teacher should conduct the learning activity to suit the content that the student must

learn.”

To sum up, Julie derived several advantages from the period of classroom

observation and case discussions: (a) realizing the authentic problems of physics

teaching and learning in the secondary school; (b) developing analytical and critical

thinking about specific teaching and learning situations; (c) more inclination to

employ constructivist teaching strategies in future teaching; (d) developing each

knowledge component of PCK; (e) realizing the importance of strong content

knowledge for teachers; and (f) realizing the importance of relating knowledge

components of PCK for effective physics teaching and expressing the core idea about

PCK. Anyway, she could not notice student alternative concept about reaction. This

showed her weak point in the understanding about student alternative conceptions,

which is one important component of PCK.

1.3 Period of PCK modeling of force and motion

The period of PCK modeling of force and motion was conducted during

the seventh to eleventh weeks of the course. The teaching sequence of this period

started with PCK modeling followed by class discussion and reflection. In PCK

modeling, the course instructor took the role of a secondary physics teacher teaching
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force and motion by using a variety of constructivist learning activities and

assessment that best suit the students’ backgrounds, while the preservice physics

teachers took the role of secondary science students. After finishing PCK modeling

each week, the preservice physics teachers analyzed and discussed about the teaching

and learning processes of PCK modeling particular to these aspects: teaching

objectives; introduction, teaching and conclusion stages; teaching materials and

assessment methods; physics content; and integration between physics content and

constructivist teaching strategies. Also, they were required to reflect on their derived

knowledge and experiences regarding these aspects.

Throughout the period of PCK modeling, Julie reflected more

understanding about teaching and learning force and motion as summarized in Table

5.3.

Table 5.3  Aspects Julie Learned from Period of PCK Modeling of Force and Motion

Aspect What Julie learned
Teaching
objective

• Cover all desirable aspects of learning – physical, intellectual,
emotional and mental development

• Be appropriate to content intended to teach

Introduction
stage

• This is important as a starting point of lesson
• Teacher should review students’ prior knowledge by using

appropriate probing questions and use this information as
guidelines to plan lesson which aims at helping students link their
existing ideas with new ideas

• Teacher should set good introduction stage by using a variety of
teaching strategies (e.g., demonstration, questioning-answering and
game) and materials to increase student interest and eagerness to
learn

Teaching
stage

• Emphasize students as being most important
• Teacher should use various constructivist learning activities to

encourage students’ self-construction of knowledge
• Students should derive first-hand experience from doing

experiments and hands-on activities
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Table 5.3  (Continued)

Aspect What Julie learned
Conclusion

stage
• Teacher and students should conclude lesson together
• Teacher should check students’ understanding and help them

transform alternative concepts into scientific ones
• Be suitable with content taught and teaching objectives

Teaching
materials

• Be varied, real and easy to prepare
• Help students learn by themselves

Assessment • Be varied and appropriate for checking whether students learned as
indicated in teaching objectives

• Be conducted along teaching and learning processes
• Assess all desirable aspects (i.e., skills, attitudes and content)
• Assess both teaching (the teacher) and learning (students)
• Use results of assessment for adjusting subsequent teaching and

learning

Physics
content

• Reflect more understanding about Newton’s laws
• Realize importance of strong content knowledge for teachers

Nature of
physics

• Teaching physics is difficult task
• Physics content is difficult by nature

Table 5.3 shows that Julie strongly realized the importance of student prior learning

and constructivist and student-centered approaches. She developed each knowledge

component of PCK in detail, particularly assessment (i.e., emphasizing the use of

formative assessment, assessing both teaching and learning and using assessment

results to improve subsequent teaching and learning processes), and also related

knowledge components of PCK to one another as the underlines in the Table.

Noticeably, Julie’s thinking and understanding about teaching and learning

physics was more complex because, throughout the period of PCK modeling, she

gradually developed more complex relationships among knowledge components of

PCK. For example, she related knowledge of teaching objectives to knowledge of

instructional strategies, students’ learning, curriculum and content:
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Teaching objectives must correspond to content intended to be taught and 

emphasize students’ application of knowledge. They must also be in line with 

the National Science Curriculum Standards, National Education Act and Basic 

Education Curriculum. (7th week worksheet on PCK modeling of force and net 

force)

Knowledge of instructional strategies was also related to knowledge of students’

learning, teaching materials and content.

Learning activities should be suitable with content intended to be taught, e.g., 

games, experiments and demonstrations. The teacher should select learning 

activities to suit students. Learning activities selected should raise students’ 

participation and encourage students to learn the lesson. (8th week worksheet 

on PCK modeling of Newton’s first law of motion)

Knowledge of teaching materials to knowledge of instructional strategies, students’

learning, teaching objectives and content.

Teaching materials should be suitable with content and learning activities. The 

teacher must be able to use teaching materials well. Teaching materials should 

be varied and must be able to explain difficult concepts to become easier ones. 

(8th week worksheet on PCK modeling of Newton’s first law of motion)

In addition, knowledge of assessment was related to knowledge of instructional

strategies, teaching objectives, students’ learning and content:

A variety of assessment methods should be employed and should match 

content and learning activities used (8th week worksheet on PCK modeling of 

Newton’s first law of motion).
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1.4 Period of micro-teaching

During the twelfth to fifteenth weeks of the course, each preservice

physics teachers was assigned to perform micro-teaching. In doing so, he/she must

select specific concepts of force and motion, prepare the lesson plan and teaching

materials, and, then, teach that concept to their peers. When one preservice physics

teacher performed micro-teaching, the others had to participate by taking the role of

secondary science students. After finishing each micro-teaching, all of them analyzed

and discussed about the teaching and learning processes that occurred concerning

these aspects: teaching objectives; introduction, teaching and conclusion stages;

teaching materials and assessment methods; physics content; integration between

physics content and constructivist teaching strategies; and problems of teaching and

learning and suggestions for solving those problems. In addition, they were required

to reflect on their derived knowledge and experiences concerning those aspects. Table

5.4 shows the topics that each preservice physics teacher selected to perform in

his/her micro-teaching.

Table 5.4  Selected Topics for Micro-Teaching

Week Name Selected topic for micro-teaching
12th Sam Force and net force

13th Julie Newton’s third law

14th Mark Friction

15th Cathy* Newton’s second law

Note: Initially, the order of micro-teaching was Sam, Cathy, Julie and Mark; however,

it was changed as shown in the Table because Cathy was sick.

For Julie, throughout the period of micro-teaching, she could analyze the

strengths and weaknesses of her peers’ micro-teaching and propose several

suggestions for improving their teaching. Her analyses of peers’ micro-teaching can

be shown as in Table 5.5.
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Table 5.5  Julie’s Analyses of Peers’ Micro-teaching

Name Strength Weakness Suggestion
Sam • Use student-centered

activities
• Emphasize students’

learning with
understanding, not
memorizing

• Poor content
preparation

• Could not explain
some concepts to
students

• Insufficient wait-time

• Prepare content more
• Try out teaching

beforehand
• Use more teaching

materials to stimulate
students’ interest

• Increase wait-time

Mark • Use a variety of
teaching materials that
make students
understand content

• Apply things available
as teaching materials

• Emphasize student
most participation

• Did not try out some
teaching materials
beforehand

• Be too serious

• Prepare teaching more
• Be yourself and have

self-confidence
• Be relax

Cathy • Students had
opportunity to
conduct experiments

• Lack preparation of
experiment

• Lack understanding in
using teaching
materials

• Practice experiment
and try out teaching
materials beforehand

• Prepare content until
have firm
understanding

Up to this, Julie mentioned many aspects learned from her peers’ micro-teaching as

Table 5.6 shows.
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Table 5.6  Julie’s Learning from Participating in Peers’ Micro-teaching

Aspect Detail of learning
Teaching objective • Cover all desirable aspects of learning – physical, intellectual

and emotional and mental development

Introduction stage • Important, at the heart of teaching
• Investigate students’ prior knowledge
• Use a variety of interesting activities and teaching materials

that can motivate students’ interest
• Link students’ prior ideas with new ideas

Teaching stage • Emphasize participation from students
• Use student-centered activities

Conclusion stage • Teacher and students should conclude lesson together
• Teacher should check whether students understand key

concepts as indicated in teaching objectives
• Help students change their alternative concepts into scientific

ones

Teaching material • Be varied, simple and easy for preparation
• Try out teaching materials beforehand
• Help students to  make learning easier

Assessment • Be varied and correspond to teaching objectives
• Be integrated in teaching and learning processes

In addition, Julie expressed her good feeling about the period of micro-teaching.

I like this way of learning because I joined and then observed strengths and 

weaknesses of my friend’s micro-teaching. After that, I discussed with them 

about micro-teaching and we came up with proposals for improving our future 

teaching. (12th week journal)

In the thirteenth week, Julie herself performed micro-teaching of Newton’

third law. Before micro-teaching, she had revised her pre-lesson plan of Newton’s

third law and her post-lesson plan improved remarkably. First, the teaching objectives

covered all key concepts and all desirable aspects of learning, emphasized students’
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hands-on experience, knowledge application and cooperative learning. Second, in the

introduction stage, there were series of questions for reviewing students’ prior

knowledge of force, net force and Newton’ first and second laws, and the details of

students’ expected answers. Third, in the teaching stage, these activities—the tug-of-

war activity, pulling a rope tied to a table and dropping a table tennis ball—potentially

helped students to recognize the existence of reaction. Fourth, assessment methods

corresponded with all teaching objectives and emphasized formative assessment.

However, some weak points were still noticed. Firstly, the details of tug-of-war

activity were not provided. Secondly, two problems assigned to students at the end of

class did not link well with action-reaction concepts. Finally, there was no activity to

show students that action-reaction can act at a distance.

The teaching sequence of Julie’s micro-teaching can be briefly shown as in

Table 5.7.

Table 5.7 Teaching Sequence of Julie’s Micro-teaching

Stages of teaching Detail of activity
Introduction stage • Ask questions to review students’ prior knowledge of force,

net force and Newton’s first and second laws

Teaching stage • Students do ‘tug-of-war activity’ and answer questions
• Demonstration of ‘dropping a table tennis ball’ followed by

student explanation
• Students do ‘experiment of action-reaction’ and present

results
• Students solve two problems of action-reaction

Conclusion stage • Conclude lesson with students by using teaching materials,
i.e., rope, table tennis ball and spring balances

Although this teaching sequence incorporated various learning activities

and materials that had a potential to lead Julie’s students to understand key concepts

of action-reaction, many weak points were observed. Firstly, she did not provide

enough wait-time for students’ answers and conclusions. Secondly, she could not
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notice and correct students’ alternative concepts: (a) reaction less than action; and (b)

action equals reaction at rest condition. Finally, she could not answer the student

question relating to action-reaction in case of non-contact objects. Julie was aware of

her weaknesses and proposed these suggestions: preparing content more; increasing

wait-time; employing good series of probing questions; and not overlooking the

concept about action-reaction in case of non-contact objects. This shows Julie’s

analytical thinking about her own teaching and the ways to further improve teaching.

After micro-teaching, Julie stated that she expected two difficult parts of

action-reaction concepts for students: (a) action-reaction act on different objects; and

(b) action-reaction can act in both contact and non-contact objects. This showed that

experience from teaching a particular topic encouraged her to start to think about

students’ learning difficulties. In addition, Julie gave the reason why she did not select

the use of lecture in her micro-teaching: “Lecture alone cannot make students

understand action-reaction.” This expressed her strong intention to employ the

constructivist activities in her teaching.

Most importantly, the period of micro-teaching enhanced Julie’s more

complex thinking about effective physics teaching and learning by relating various

knowledge components of PCK together. For example, knowledge of teaching

objectives was related to knowledge of curriculum and content.

Teaching objectives must fit with content and curriculum, cover all desirable

aspects and emphasize students as being most important (14th week reflection).

Knowledge of instructional strategies was related to knowledge of teaching

objectives, teaching materials and content.

Teaching strategies used must suit content intended to be taught, correspond

with teaching objectives and encourage students to construct knowledge by

themselves (12th week reflection).



118

Knowledge of teaching materials was related to knowledge of content.

Teaching materials should be varied, economical, easy to prepare, fit for

content and make content easier for students (14th week reflection).

In addition, knowledge of assessment was related to knowledge of teaching objectives

and content.

Assessment methods should cover all desirable aspects of learning and

correspond with and teaching objectives (13th week reflection).

In the final week, Julie reflected holistically on what aspects she had

learned from the course. These aspects are illustrated in Table 5.8.

Table 5.8  Summary of Julie’s Learning from PCK-based Physics Methods Course

Aspect Detail of learning or development
Orientation

towards teaching
• Help students love to learn physics and understand physics 

content

Knowledge of
teaching

objectives

• Teaching objectives must emphasize:
• all desirable aspects of learning
• students as being most important
• students’ self-construction of knowledge
• students’ application of acquired knowledge
• students’ cooperative learning

Knowledge of
curricular
materials

• Teaching materials should:
• be well prepared and easy to prepare
• enhance students’ first-hand experience and most 

participation
• be interesting and make content easier for students

Knowledge of
subject-specific

instructional
strategies

• Understand four constructivist teaching strategies—
constructivist teaching sequence, interactive teaching 
approach and generative learning model of teaching and 
cooperative learning
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Table 5.8  (Continued)

Aspect Detail of learning or development
Knowledge of
topic-specific
instructional

strategies

• Understand using demonstration in teaching reaction
• Use constructivist teaching sequence in teaching reaction
• Understand use of specific activities in teaching force and 

motion (e.g., discussion, questioning-answering, etc.)

Knowledge of
assessment

• Assessment should:
• cover all desirable aspects of learning
• be simple, varied and integrated into teaching and learning 

processed
• be done with both teaching (teacher) and learning (students)

Knowledge of
physics content

• Understand and be able to explain force and motion concepts
• Be able to identify key concepts of topic taught

Most importantly, for effective physics teaching, Julie expressed her 

awareness of relating various knowledge components of PCK together. For example, 

knowledge of teaching objectives was related to knowledge of instructional strategies, 

students’ learning and content: “Teaching objectives must match learning activities 

and content, and emphasize students as most important and students’ self-construction 

of knowledge” (16th week reflection). Knowledge of instructional strategies to 

knowledge of students’ learning, assessment and content: “In the introduction stage, 

the teacher has to prepare questions, which are easy, short and clear. He/she must seek 

the learning activities, which match content and motivate students’ interest to learn” 

(16th week reflection). Also, knowledge of teaching materials was related to 

knowledge of teaching objectives and content: “Teaching materials should be varied, 

easy to find, fit to content and teaching objectives, and make content easier for 

students” (16th week reflection).
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2. Summary of Julie’s Development of PCK from PCK-based Physics Methods 

Course

Julie came to the PCK-based Physics Methods Course with the expectation to 

be a good and beloved physics teacher. At the beginning of the course, she had little 

knowledge about curriculum, constructivist teaching strategies and assessment, and 

little experience in teaching learned and derived from the previous courses. In 

addition, being used to the transmission mode of learning employed in those courses, 

she initially felt uncomfortable with constructivist learning activities conducted in the 

course because they demanded more thinking skills and required her to do lots of 

work. However, from more understanding about the constructivist theory and direct 

experience as a learner in the constructivist learning environment, Julie subsequently 

and progressively developed positive attitudes toward constructivist teaching and 

learning along the course.

The learning activities conducted during the period of preparation for PCK 

development helped Julie develop more understanding about each knowledge 

component of PCK including: (a) teaching goals and guidelines, and assessment 

mentioned in curriculum; (b) key ideas of the constructivist theory and teaching 

strategies; and (c) key ideas of formative and authentic assessment. These 

understandings were useful for Julie to the further development of PCK in the later 

periods in the course. This period also encouraged her to become aware of the 

importance of integrating knowledge components of PCK for physics teaching.

Julie regarded experiences from observing of, and interview with, the physics 

teacher in the secondary school as a valuable experience. From this experience, she 

realized the authentic problems of physics teaching and learning in real context and 

expressed analytical and critical thinking about observed teaching and more 

inclination to use constructivist teaching strategies in her future teaching. The written 

case discussions also encouraged Julie to connect various knowledge components of 

PCK when critically analyzing specific teaching and learning dilemmas situated in the 

cases and proposing practical ways to solve them. From this activity, she had more 
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concern about students’ learning and expressed more understanding about students’ 

alternative conceptions and learning difficulties with respect to Newton’s first law and 

reaction. Also, she learned how to use specific activities in teaching particular 

concepts such as using demonstration technique in teaching action-reaction concepts. 

Julie was additionally aware of the importance of strong content knowledge for 

teachers from the teacher’s misunderstanding about Newton’s first law that appeared 

in the Force and Inertia case.

From direct experience as a learner participating in the constructivist learning 

activities conducted during the period of PCK modeling of force and motion, Julie 

adopted more positive attitudes toward constructivist teaching and learning and 

developed more understanding about force and motion concepts. She additionally 

realized the importance of students’ prior knowledge and experiences, constructivism 

and student-centered teaching and learning. Julie developed each knowledge 

component of PCK—orientations toward teaching physics; knowledge of science 

curriculum with respect to physics; knowledge of students’ learning physics; 

knowledge of instructional strategies for teaching physics; and knowledge of 

assessment in physics—in more depth and breadth details. Also, she constantly 

related various knowledge components of PCK into more complex thinking about 

physics teaching and learning, in other words, into more complete topic-specific PCK 

for teaching force and motion.

During the period of micro-teaching, Julie learned several aspects concerning 

knowledge components of PCK from analyzing her own micro-teaching, and 

observing and analyzing her peers’ micro-teaching, which were beneficial for her 

development of PCK by encouraging her to blend various knowledge components of 

PCK together into forms of content representations. Her post-lesson plan of Newton’s 

third law was remarkably improved by blending specific constructivist learning 

activities with targeted concepts into the coherent teaching sequence. From direct 

experience in micro-teaching, importantly, Julie started to realize students’ difficulties 

in learning reaction, the practicality of planned lessons and her content knowledge, 

especially when she could not answer the student question about action-reaction in 
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case of non-contacted objects. Also, Julie’s inability to identify students’ alternative 

conception about reaction showed her weak point in the understanding about students’ 

alternative conceptions that is one essential component of PCK.

Holistically, from participating in the PCK-based Physics Methods Course 

Julie gradually and progressively developed the depth and breadth understandings 

about each knowledge component of PCK, and more complete PCK by developing 

more complex relationships among those components. In addition, she developed 

topic-specific PCK for teaching force and motion during the period of PCK modeling, 

and developed and implemented topic-specific PCK for teaching Newton’s third law 

in her own micro-teaching. However, she still had a weakness in identifying students’ 

misunderstanding, which is one important attribute of PCK.

The Case of Mark

1. Mark’s development of PCK in PCK-based Physics Methods Course

1.1 Period of preparation for PCK development

At the beginning of the course, Mark responded to the Survey of Prior

Knowledge and Learning Goals that, from the previous courses, he had learned the

Basic Education Curriculum, principles of assessment and evaluation, principles of

being a teacher and writing lesson plans. In addition, he stated that “a teacher must

integrate content to interesting teaching techniques,” which is the core idea of PCK.

From the curriculum analysis task conducted in the first week, Mark could

correctly analyze key ideas about teaching goals and materials, and assessment

mentioned in the curriculum documents. For example, he stated that teaching and

learning should aim at encouraging students’ physical, emotional and mental

development to become desirable persons who live with their potential, creativity, and

benefit society. The teacher should emphasize students as being most important and

they should learn up their highest potential. However, even though he could identify
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various kinds of teaching materials and local resources, he could not identify common

desirable characteristics of teaching materials. Mark also stated that he planned to

apply knowledge acquired in this week as “the guidelines for writing lesson plans to

suit local contexts and creating teaching and learning activities to promote students’

ability to think, practice and learn happily.”

In the second week, according to the Survey of Favourite Teaching

Strategy, Mark stated that his favourite teaching strategies were teaching using games

and cookbook experiment and teaching outdoors because these encourage “student

first-hand experience and learning with fun.” This expressed that his main

consideration, and appreciation, in teaching is emphasizing student practical

experiences and learning with happiness.

From the analysis of the transmission and constructivist modes of learning,

Mark could distinguish the differences between both modes as:

The transmission mode of learning emphasizes the student as being a good

listener and someone who must remember things well only, but the

constructivist mode of learning emphasizes students developing and changing

ideas that cause diverse learning processes and outcomes. (2nd week worksheet

on transmission and constructivist modes of learning)

He additionally mentioned that the constructivist mode corresponded to the National

Education Act (1999).

Although at the end of the first week, Mark reflected that he rather did not

like constructivist learning activities conducted in the course because “there was too

much content or it was too academic”, at the end of second week, he adopted a more

positive attitude toward them.
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I felt good! After I learned science curriculum, I think I can apply them for

effective teaching and learning … It’s new to me! I had the opportunity to

express and exchange ideas with my friends … I felt more confident to make a

presentation in front of the class, to talk and to express my opinions. It had

never been like this before. (2nd week journal).

In the third week, Mark selected to study cooperative learning from four

constructivist teaching strategies assigned and present it to the class. He could

summarize the key ideas about cooperative learning and learned the remaining

constructivist teaching strategies from his peers’ presentations. From the Survey of

Prior Knowledge of Assessment, Mark perceived assessment and evaluation as

“surveying students’ ideas in order to know the degree of students’ understanding.

The classroom observation, test and questionnaire may be used as assessment

methods. The results of assessment are scores and grades.” For him, the most

impressive assessment method was testing because: “I can know students’

understanding and ability immediately and help them further improve their weak

points.” This showed that the aim of assessment for Mark was not just for grading but

for helping students improve their weaknesses, though he was still familiar with the

summative assessment method like test that is widely used in the secondary and

university levels. After Mark had read, completed the worksheet and discussed about

formative, summative and authentic assessment, he had more understanding about

these kinds of assessment, especially formative assessment, by mentioning the use of

classroom observation, students’ questions and answers, tasks and worksheets in

assessing student learning outcomes.

To sum up, the period of preparation for PCK development enhanced

Mark’ positive attitudes toward constructivist teaching and learning, and helped him

develop more understanding about each knowledge component of PCK, as can be

summarized in Table 5.9.
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Table 5.9  Summary of Mark’s Development of Knowledge Components of PCK

Knowledge
component of PCK

Development

Orientations toward
teaching

• Promote students’ ability to think, practice and learn
happily

Knowledge of
curriculum

• Recognize relationships between National Education Act
(1999), Basic Education Curriculum (2001) and National
Science Curriculum Standards (2002)

• Emphasize students as being most important
• Emphasize students learning to their highest potential
• Encourage physical, emotional and mental development

Knowledge of
students’ learning

• Students’ understanding comes from learning with fun and
happiness

Knowledge of
instructional

strategies

• Understand key ideas, teaching and learning processes,
strengths and weaknesses, and differences between
transmission and constructivist modes of learning

• Regard constructivist mode of learning as corresponding to
National Education Act

• Understand key ideas of constructivist teaching strategies,
especially cooperative learning

Knowledge of
assessment

• Understand key ideas of formative, authentic and
summative assessment

1.2 Period of classroom observation and case discussions

From classroom observation and interview with a physics teacher, Mark

stated several strengths of the teacher’s teaching, that is, “having confidence with

content, speaking in a clear voice, being able to control classroom situations and using

good questioning techniques for stimulating students’ answers.” In contrast, he

noticed these weaknesses: “The teacher used few teaching materials and they could

not stimulate students’ interest well and he did not pay equal attention to all students.”

Mark suggested that the teacher should prepare more, use more interesting learning

activities and materials to stimulate students’ interest and pay equal attention to all

students.
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From this activity, Mark reflected that he realized the authentic problems

of physics teaching in the secondary school and learned several aspects as shown in

Table 5.10.

Table 5.10  Aspects Mark Learned from Classroom Observation and Interview with

Physics Teacher

Aspect What Mark learned
Teaching
objective

• Teacher should emphasize key concepts or “must-learn” concepts
of topics taught

Introduction
stage

• Teacher should review students’ prior knowledge
• Various activities should be used to raise students’ interest in

learning

Teaching
stage

• Activities used must motivate students to learn
• Activities must be suitable with content
• Teach according to constructivism—teacher is a facilitator

emphasizing students doing and thinking by themselves
• Teaching and management techniques are individual differences

Conclusion
stage

• Students must participate actively in concluding lesson

Teaching
materials

• Interesting teaching materials can raise students’ attention to
learning

Assessment
and

evaluation

• Assessment and evaluation must be varied and correspond to
content

• Assessment and evaluation are a continuous process

Nature of
physics

teaching and
learning

• Teaching physics is difficult because students do not want to learn
physics

• Teacher must let students do activities in every period to make
them want to learn physics

Table 5.10 shows that experiences from classroom observation and interview with the

physics teacher encouraged Mark’s development of each knowledge component of

PCK. In addition, most importantly, the underlines in the Table showed that from

such experiences Mark realized the importance of relating knowledge components of
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PCK (i.e., knowledge of instructional strategies, assessment, students’ learning and

content) together.

In the fifth week, Mark read, analyzed and discussed about the Force and

Inertia written case. He noticed several dilemmas situated in the case that originated

from the teacher’s lack of content preparation, use of too difficult questions and use of

teaching methods not suited to content taught. From this, he proposed many

suggestions for improving teaching that include: (a) the teacher’s thorough

understanding of content taught; (b) the use of clear examples and simple questions,

experiments and teaching materials that make students understand content; and (c) the

use of post-test to check students’ understanding. Interestingly, the difficulties that

appeared in the Force and Inertia case being originated from the abstraction of

concepts taught and from difficulties in raising examples and asking questions to

make students understand. This made Mark worried and he tended to use lecture in

teaching such a difficult topic.

In the sixth week, the discussion about the Reaction Force written case

encouraged Mark to emphasize the “students learn with fun” orientation and the

application of teaching materials being available around in teaching. To improve

teaching in the case, he suggested specific learning activities, such as demonstrations

and the tug-of-war activity, to help students perceive and understand the existence of

reaction. He also stated his idea, which is related to the core idea of PCK, that:

“Teaching strategies must be selected to suit the content intended to be taught and

students.” However, he could not notice the student alternative conception about

reaction (i.e., no reaction acting on an at rest object) because he also held this

conception. This showed his weak point in identifying students’ alternative

conceptions about reaction, which is one important component of PCK. This may

have originated from his weak content knowledge about reaction.

To sum up, the period of classroom observation and case discussions

encouraged Mark to think analytically and critically about strengths, weaknesses and

dilemmas of teaching and learning situated in the cases, and ways to cope with them.
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During this period, Mark emphasized his “students learning with fun” orientation. He

also developed more concern about student alternative conceptions, though he still

had a weakness concerning identifying the student alternative conception about

reaction. Anyway, he developed more understanding about each knowledge

component of PCK and became more aware of relating knowledge components of

PCK together through his suggestions regarding specific learning activities for

teaching force, Newton’s first law and reaction. However, Mark still felt comfortable

with the teacher-centered activity (i.e., lecture) in teaching difficult, abstract concepts

like reaction.

1.3 Period of PCK modeling of force and motion

The period of PCK modeling conducted during the seventh to eleventh

week of the course enhanced Mark’ understanding about teaching and learning force

and motion as presented in Table 5.11.

Table 5.11  Aspects Mark Learned from Period of PCK Modeling of Force and

Motion

Aspect What Mark learned
Teaching
objective

• Cover all desirable aspects mentioned in National Education Act
(1999), Basic Education Curriculum (2001) and National Science
Curriculum Standards (2002)

• Emphasize students’ cooperative-working abilities, constructing
knowledge by themselves and applying it in real life situations

Preparation
stage

• Prepare teaching materials and learning activities

Introduction
stage

• As a warm-up stage to attract student interests through situations,
experiments, games, etc.

• Review student prior knowledge
• Link students’ previous learning with the topic intended to be

taught
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Table 5.11  (Continued)

Aspect What Mark learned
Teaching

stage
• Students must have fun and want to learn
• Emphasize constructivism—students do activities, express ideas

and construct knowledge by themselves
• Emphasize students as being most important
• Teach from simple to complex and step-by-step

Conclusion
stage

• Students conclude lesson by themselves
• Teacher corrects or remedies student misunderstandings

Teaching
materials

• Make students understand content more easily
• Be varied, clear, visible, touchable, safe, easy to use and prepare
• Teacher should explain to students how to use teaching materials

properly and safely

Assessment • Be varied
• Cover all desirable aspects of learning
• Use formative assessment
• Assess both (a teacher’s) teaching and (students’) learning
• Use results of assessment for planning subsequent teaching

Physics
content

• Gain more understanding about force and Newton’s laws
• Realized importance of strong content knowledge for teachers

Nature of
physics

• Physics is a difficult subject

In Mark’s view, PCK modeling was seen as a good example of physics

teaching. Thus, he planned to apply knowledge and experiences gained from this

period in his future teaching. Throughout the period of PCK modeling, most

importantly, Mark’s  understanding about teaching physics was more complex

because he constantly related knowledge components of PCK together; in other

words, he tended to develop a more complete PCK.

For example, he related knowledge of teaching objectives to knowledge

of instructional strategies, students’ learning, curriculum and content.
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Teaching objectives must correspond to learning standards, content intended to

be taught and students (11th week worksheet on change of momentum and net

force).

Knowledge of instructional strategies was related to knowledge of curriculum,

teaching objective, students’ learning and content.

Teaching and learning should emphasize students constructing knowledge by

themselves. Teaching strategies should correspond to teaching objectives and

curriculum and cover contents and students (11th week reflection).

Knowledge of teaching materials was related to knowledge of teaching objectives,

students’ learning and content.

Teaching materials must make the content easier for students. They must be

suitable with and cover the lesson taught (9th week worksheet of Newton’s

second law).

In addition, knowledge of assessment was related to knowledge of teaching objectives

and content.

Assessment and evaluation must be varied and suitable with the content taught

and teaching objectives (9th week worksheet of Newton’s second law).

1.4 Period of micro-teaching

Mark mentioned several aspects learned from the period of micro-teaching

conducted during the twelfth to fifteenth weeks of the course that can be summarized

as in Table 5.12.
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Table 5.12  Aspects Mark Learned from Period of Micro-teaching

Aspect Detail of learning
Teaching objective • Be suitable with content, learning standards, teaching time

and students
• Emphasize students’ understanding and ability to apply

acquired knowledge in daily lives

Introduction stage • Be suitable with content
• Use a variety of interesting situations and activities (e.g.,

demonstrations and group activities) and teaching materials
to encourage students’ eagerness and fun in learning

Teaching stage • Be suitable with content, teaching objectives, students and
teaching materials

• Emphasize students constructing knowledge by
themselves—requiring students to ask questions, discuss in
group and do activities by themselves

• Emphasize students as being most important—students
participate actively in learning

• Pay equal attention to all students

Conclusion stage • Students conclude lesson by themselves
• Teacher adds some parts missing in students’ conclusions

Teaching material • Be suitable with content and time
• Be varied, real, available around and safe for students
• Teacher tries out teaching materials beforehand
• Teacher uses teaching materials skillfully
• Teacher monitors students’ use of teaching materials

Assessment • Be varied (e.g., observing students’ participation and
checking students’ , exercises and worksheets)

• Cover all aspects of learning—understanding, abilities, skills
and attitudes

• Assess students’ learning the whole process of teaching and
learning

• Use results of assessment to reflect on weak points of
teaching for further improvements

Content • Teachers must understand content they intend to teach
deeply
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From Table 5.12, Mark not only developed depth and breadth understandings about

each knowledge component of PCK, but he also related knowledge components of

PCK as the underlines in the Table show.

In the fourteenth week of the course, Mark himself performed micro-

teaching of friction. Before micro-teaching, he revised the pre-lesson plan written in

the first week and his post-lesson plan of friction was improved remarkably in

particular to these aspects. First, the teaching objectives covered all desirable aspects

of learning. Second, in the introduction stage, he emphasized reviewing the students’

prior knowledge related to friction. Third, he emphasized the use, and provided the

details, of constructivist learning activities—students were given opportunities to do

activities, discuss with peers and evaluate their ideas—such as “placing and pushing a

sand bag and a ball on a table” that potentially linked to static and kinetic frictions.

Fourth, he encouraged students to apply acquired knowledge of friction in their real-

life situations. Finally, a variety of teaching materials and assessment methods were

employed.

In micro-teaching, Mark conducted the teaching sequence as Table 5.13.

Table 5.13  Teaching Sequence of Mark’s Micro-teaching

Stages of teaching Detail of activity
Introduction stage • Review students’ prior knowledge related to Newton’s laws

• Ask volunteers to push sand bag and box placed on table and
require others to observe and explain forces

Teaching stage • Place ball on table and ask students about force
• Lead students to concept of static friction
• Students raise everyday-life examples of static friction
• Push ball on table, then students observe and explain force
• Lead students to the concept of kinetic friction
• Students raise everyday-life examples of kinetic friction
• Students do experiments of friction and exercises

Conclusion stage • Students and teacher conclude key concepts of friction
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In the holistic view, Mark tended to emphasize the student’s verification of scientific

knowledge rather than scientific process: “Initially, I would describe thinhgs to

students. Then, they would do the experiment and verify what I had said, is it real?”

(14th week interview after micro-teaching).

Mark faced several problems in his micro-teaching. In the introduction

stage, he faced a problem when he shifted from the review of students’ prior

knowledge concerning Newton’s laws of motion to the targeted concepts, that is,

friction. This problem came from students’ unexpected answers with which he could

not cope. Questioning-answering appeared as his big problem.

I faced problems with questioning. I felt confused when…amm…how should I

ask students without any confusion. If I ask them to recite from textbooks, it is

not good. It’s the same with answering, I try to make it most natural, to answer

is not to recite words from textbooks. (14th week interview after micro-

teaching)

This problem may have originated from his weak content knowledge with respect to

friction. When he could not answer students’ questions, he thought that: “my

confidence is lower. This also links with a decrease in students’ respect” (14th week

interview after micro-teaching).

Another problem for Mark was the feeling of anxiety and excitement that

may have arisen from his lack of teaching experience and his high expectations.

I was excited and anxious … The first time teaching I was scared. I was afraid

that it would not be good as expected because I expected high results and had

to complete the lesson well. (14th week journal)

His anxiety and excitement had two main negative consequences, that is, facing the

problem in communicating with students and creating a serious learning environment.
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I had problems in communicating with students. I spoke unclearly. I was very

excited … I taught dully. Good teaching cannot originate from serious or

anxious teachers. (14th week interview after micro-teaching)

Even though there were many weak points in Mark’s teaching, the biggest

strength of his teaching was that he could utilize materials available around, such as a

box placed on a table, in his teaching. Mark was also aware of his weaknesses and

proposed various ways to improve his future teaching, i.e., studying content more,

decreasing anxiety and practicing questioning technique. This showed his analytical

thinking about micro-teaching and ways to improve subsequent teaching. In addition,

he held the view of teacher-as-learner (i.e., a teacher is learning with students) and

realized the importance of writing the lesson plan before teaching because: “The

lesson plan reflects a teacher’s understanding.”

In the final week, Mark reflected holistically on aspects he had learned

from the course, and this can be summarized as in Table 5.14.

Table 5.14  Summary of Mark’s Learning from PCK-based Physics Methods Course

Aspect Detail of learning or development
Orientation

towards teaching
• Encourage students to construct knowledge by themselves
• Emphasize students learning with happiness and to their

highest potentials
• Emphasize students being most important

Knowledge of
teaching

objectives

• Teach to cover all desirable aspects of learning
• Emphasize key concepts of topics taught
• Teaching objectives must suit content and students’

backgrounds

Knowledge of
curricular
materials

• Teaching materials must suit lesson
• Teaching materials must be varied, easy to prepare and safe
• Teacher must prepare interesting teaching materials

beforehand and be able to use them skillfully and properly
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Table 5.14  (Continued)

Aspect Detail of learning or development
Knowledge of

subject-specific
instructional

strategies

• Review students’ prior knowledg is important and needed
• Teaching and learning must encourage students to construct

knowledge by themselves
• Teaching and learning must be suitable with lesson and

teaching objectives
• Teacher must understand strengths of each teaching strategy
• Students should be given opportunities to conclude lesson by

themselves

Knowledge of
topic-specific
instructional

strategies

• Use specific questions, examples, situations, demonstrations
and experiments in teaching friction

• Propose specific situations and activities for teaching
Newton’s first law and reaction

Knowledge of
students’ learning

• Students’ understanding comes from learning with fun and
happiness

• Student prior knowledge and experience influence physics
teaching and learning

Knowledge of
assessment

• Assessment and evaluation must be varied and must
correspond to lesson taught

• Use both formative and summative assessments to seek out
weak points of teaching for further improvements

• Assessment and evaluation should be conducted continuously

Knowledge of
physics content

• Developing more understanding about force, Newton’s laws
and momentum

He also expressed a positive attitude toward the course instructor and teaching and

learning in the course.

The course instructor taught well. He taught me to think, prepare well and

have thirst for learning. He taught step-by-step and conducted lots of activities

for me to do and express my opinions and ideas. He asked me to reflect on

problems and find ways to solve those problems. He has a good attitude

toward teaching. I noticed this from his attention, friendship and advice he

gave to all students. He is a good physics teacher model. (16th week reflection)
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This course helped me felt more confident to talk and think when compared to

the past…I felt more confident to express my ideas, make a presentation in

front of the class, think and do. (16th week reflection)

Most importantly, Mark expressed his awareness of relating various

knowledge components of PCK for effective physics teaching. He related knowledge

of teaching objectives to knowledge of students’ learning and content: “Teaching

objectives should be set to suit content and students.” Knowledge of instructional

strategies was related to knowledge of content.

A teacher must understand the strengths of each learning activity. Activities

conducted by individual teachers may be different, but they should be suitable

with content. (16th week reflection)

Knowledge of teaching materials was related to knowledge of content.

Teaching materials should be suitable with the lesson and safe for students.

The teacher must be able to use them properly and prepare them well. (16th

week reflection)

In addition, knowledge of assessment was related to knowledge of content.

Assessment and evaluation must correspond to the lesson taught. The teacher

should employ both formative and summative assessments in order to seek out

weak points of teaching and learning for improving future teaching. (16th week

reflection)
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2. Summary of Mark’s development of PCK in PCK-based Physics Methods    

Course

Mark came to the PCK-based Physics Methods Course with prior 

understandings about curriculum, assessment and principles of a teacher, and little 

experience in writing lesson plans and teaching. When he participated in the course, 

initially, he felt uncomfortable with the constructivist learning activities conducted 

because they were seen as having too much content or being too academic. However, 

at the end of the second week, he could adapt himself and developed more positive 

attitudes toward them. The period of preparation for PCK development had a potential 

to help Mark develop more understanding about: (a) teaching and learning, teaching 

materials and assessment mentioned in the National Science Curriculum Standards; 

the constructivist theory and constructivist teaching strategies, especially cooperative 

learning; and (c) formative and authentic assessment. These understandings served 

him as a basis for developing PCK in the subsequent periods in the course.

The period of classroom observation and case discussions encouraged Mark to

think analytically about the strengths, weaknesses and teaching and learning

dilemmas situated in the cases, and he critically proposed practical ways to cope with

those dilemmas. During this period, Mark expressed increased concern about student

learning with respect to student alternative conceptions, though he still had a

weakness in identifying student alternative conceptions about reaction. Throughout

this period, Mark not only developed each knowledge component of PCK, but he was

also aware of relating knowledge components of PCK together through his

suggestions in forms of specific learning activities for improving teaching or coping

with specific teaching and learning dilemmas situated in the cases. But, Mark still felt

comfortable with the use of teacher-centered activity (i.e., lecture) in teaching

difficult, abstract concepts like reaction.

Mark perceived the period of PCK modeling of force and motion as a good

example of physics teaching and planned to apply knowledge and experiences derived

from this period in his future teaching. He realized the importance of students’ prior
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knowledge and experiences and emphasized students learning with fun and

constructing knowledge by themselves, using teaching materials available around and

assessing for improving subsequent teaching and learning. Throughout this period,

Mark developed the depth and breadth of each knowledge component of PCK. Also,

his understandings about teaching and learning physics was more complex, that is, he

developed more complex relationships among knowledge components of PCK. In

other words, he gradually developed more complete topic-specific PCK for teaching

force and motion.

Mark learned several aspects concerning knowledge components of PCK from

observing and analyzing the strengths and weaknesses of his peer’s micro-teaching.

Before micro-teaching himself, he had remarkably improved the post-lesson plan of

friction However, in his micro-teaching, Mark faced several problems concerning

students’ unexpected answers and questioning-answering that may have arisen from

his weak content knowledge about friction. His feeling of anxiety and excitement also

had two main negative consequences—poor communication with students and

creating a serious learning environment. Additionally, Mark emphasized the student’s

verification of scientific knowledge through experiment instead of scientific process.

The strength of his micro-teaching was the utilization of teaching materials available

around in teaching.

Holistically, from participating in the PCK-based Physics Methods Course,

Mark gradually increased the depth and breadth of his understandings about each

knowledge component of PCK, and continuously expressed his awareness of relating

various knowledge components of PCK together for effective physics teaching.

Particularly, Mark had the opportunity to implement topic-specific PCK for teaching

friction during his micro-teaching. However, his weak content knowledge about

friction had negative influences on his implementation of topic-specific PCK for

teaching friction. This expresses the importance of content knowledge as an essential

basis for PCK development and implementation.
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The Case of Cathy

1. Cathy’s development of PCK in PCK-based Physics Methods Course

1.1 Period of preparation for PCK development

The Survey of Prior Knowledge and Learning Goals conducted at the first

week of the course revealed that although Cathy had completed many courses on

curriculum, teaching and learning, and assessment, she knew little about them and had

little teaching experience. That is, she knew only the structure of the curriculum and

some assessment and evaluation methods and had experiences in writing the lesson

plan and teaching science for grade 5 students for only one lesson. To accomplish her

goal as a good physics teacher, Cathy expected to learn these four aspects from the

course: writing lesson plans, teaching methods, learning activities and creating a

desirable learning environment.

From the curriculum analysis activity, Cathy developed more

understanding about science curriculum with respect to these aspects: (a) learning

goals (i.e., developing the student to be a competent, virtuous and happy person); (b)

teaching guidelines (i.e., regarding students as being most important and encouraging

them to develop themselves to the best of their potential); and (c) assessment (i.e.,

assessing students’ intellectual, emotional and mental development). Cathy could

additionally identify various kinds of teaching materials (e.g., textbooks, laboratory

materials, etc.), but she could not identify common characteristics of desirable

teaching materials. Importantly, this activity stimulated Cathy to think about how to

apply science curriculum to real practice. She proposed six steps of teaching.
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1. Pre-test student prior knowledge to know students’ backgrounds;

2. Select teaching methods to suit students’ backgrounds;

3. Use teaching materials available in the local context that suit content and

students;

4. Assess and evaluate during and after teaching;

5. Find weak points to improve further teaching, e.g., concepts students did

not understand;

6. Post-test students knowledge to examine to what extent they had learned.

(1st week worksheet on curriculum)

This showed that Cathy transformed key ideas mentioned in curriculum about

students’ learning, teaching methods and materials, and assessment into the holistic,

practical ways of teaching that is one characteristic of PCK.

Although teaching and learning in the first week went well, Cathy

expressed her negative feeling about constructivist learning activities conducted, with

which she was unfamiliar, because they demanded more thinking skills and there

were many tasks to accomplish.

In the second week, Cathy responded to the Survey of Favourite Teaching

Strategy by stating her three favourite teaching strategies were teaching by singing,

field trips and practical work because they made students learn with fun and gain

practical experience. This shows that Cathy appreciates teaching strategies that

emphasize students’ learning with fun and from which they can derive first-hand

experience.

From the analysis of transmission and constructivist modes of learning,

Cathy could identify strengths and weaknesses in both modes. For example, she stated

that, in the transmission mode, “students are encouraged to have a good memory,

participate less in learning and do not develop new ideas.” In contrast, in the

constructivist mode, “students are promoted to be an active learner, who learns all the

time and construct his/her own knowledge.” In addition, she could distinguish the
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differences between both modes particular to teaching, learning, a teacher’s role and a

student’s role.

The transmission mode of learning emphasizes students listening and

memorizing content transmitted from a teacher. But, in the constructivist

mode of learning, students construct knowledge by themselves. The teacher is

a facilitator who encourages, promotes and stimulates students to revise ideas,

create questions and quest for answers by themselves. (2nd week worksheet on

transmission and constructivist modes of learning)

Additionally, she mentioned that the constructivist mode corresponds to the National

Education Act (1999), the Basic Education Curriculum (2001) and the National

Science Curriculum Standards (2002).

At the end of the second week, Cathy thought that she could adapt herself

to the constructivist learning activities conducted and had a more positive attitude

toward them. These changes are thought to have occurred because she began to get

used to the course instructor and had direct experiences in questing-answering, and

presenting and discussing ideas with the class within the constructivist learning

environment.

My feelings have changed. I have fun while learning. I had more opportunities

to ask and present ideas, though there still lots of work to do. I am gradually

getting familiar with the course instructor. (2nd week journal)

In the third week, Cathy selected to study the interactive teaching

approach and apply it in writing the pre-lesson plan of Newton’s second law. She

could correctly summarize its principles and teaching phases. Her teaching sequence

according to the application of interactive teaching approach in teaching Newton’s

second law are presented in Table 5.15.
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Table 5.15  Cathy’s Teaching Sequence based on Interactive Teaching Approach in

Pre-lesson Plan of Newton’s Second Law

Interactive teaching
approach

Learning activity

Preparation • Teacher prepares experiment materials and questions

Exploration • Students do experiment of Newton’s second law

Children’s questions • Students discuss results of experiment
• Students raise questions concerning Newton’s second law

and select specific questions for further investigation

Specific investigations • Students design and do investigation
• Students come up with answers of selected questions

Reflection • Students present and discuss results of investigations
• Students conclude key ideas from investigations

From Table 5.15, although Cathy could apply the interactive teaching approach in her

pre-lesson plan of Newton’s second law, two weak points were noticed. First, she did

not explicitly emphasize the student development of affective domain. Second, there

was a lack of details of questions, expected answers and guidelines of

investigations—students might not be able to design their own investigations if there

is no guidelines from the teacher.

In Cathy’s view, the aim of assessment and evaluation was to “know

whether or not, and to what extent, the activities employed help students learn.” She

also had experiences with pre-test, formative and authentic assessments, and mid-term

and final examinations. She reflected that she was impressed by authentic assessment

because: “I had direct-experience and took part in thinking and doing interesting

activities.” This showed that Cathy did not emphasize assessment for grading, but for

evaluating the effectiveness of conducted activities. She also experienced formative,

authentic and summative assessment. In addition, after Cathy studied formative,

summative and authentic assessments, completed the worksheet and discussed with
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the class, she showed more understanding about these kinds of assessment, especially

formative assessment.

In summary, the period of preparation for PCK development enhanced

Cathy’s positive attitude toward constructivist learning activities and helped her

develop each knowledge components of PCK (i.e., knowledge of curriculum,

constructivist instructional strategies and assessment), which is useful for further

developing PCK in the subsequent periods in the course.

1.2 Period of classroom observation and case discussions

From classroom observation and interview with a physics teacher at a

secondary school in the fourth week, Cathy reflected that she was impressed by this

activity and learned several aspects as mentioned in Table 5.16.

Table 5.16  Aspects Cathy Learned from Classroom Observation and Interview with 

Physics Teacher

Aspect Detail of learning
Introduction of

lesson
• Use activities that make students interested in content taught
• Activities conducted must correspond closely to content taught

Teaching
strategies and

learning
activities

• Use activities that:
• link with students’ prior experience
• emphasize students’ active participation
• motivate students’ interest
• promote student thinking
• develop students to their highest potential

Classroom
management

• Try to persuade students to learn
• Use appropriate tone and voice

Conclusion of
lesson

• Teacher and students conclude lesson together
• Students participate actively in concluding lesson
• Teacher adds parts missing in students’ conclusion
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Table 5.16  (Continued)

Aspect Detail of learning
Teaching
materials

• Teaching materials must be varied, real and raise student
attention

Assessment and
evaluation

• Assess student development in various aspects
• Use various assessment methods, e.g., observation, exercises,

and pre- and post-tests

Physics content • Teacher should have strong content knowledge
• Physics content is difficult and students do not want to learn

Table 5.16 shows that experiences from observation of, and interview with, the

physics teacher encouraged Cathy to develop each knowledge component of PCK

(i.e., orientation toward teaching and knowledge of instructional strategies, teaching

materials, students’ learning and content). In addition, the underlines in the Table

show Cathy’s complex thinking about physics teaching, which includes relationships

among knowledge components of PCK together. In other words, Cathy did not

perceive each knowledge component of PCK as isolated, but she was aware that

knowledge components of PCK are related to one another in classroom practice—

teaching physics is a complex process that requires an appropriate blending of

knowledge components of PCK.

In the fifth week, Cathy read, analyzed and discussed the Force and Inertia

written case. She had a positive attitude toward reading the case: “I have fun in

reading a case and want to read until I know the end of the story.” Also, she could

notice two major teaching dilemmas situated in the case. The first one stems from

students—“they have different backgrounds, lack essential prior knowledge and don’t

cooperate much in learning.” The other one originates from the teacher—“he raised a

situation that is far from the students’ everyday experience and did not use a variety

of teaching materials.” Cathy suggested that the teacher should motivate students’

interest and change the teaching strategy from “questioning-answering” to “students

doing experiment” and use more teaching materials. From the case discussion, she
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also learned that “the physics teacher must: prepare well before teaching; have strong

content knowledge; be able to control problems at hand; and use good examples and

teaching materials.” However, Cathy could not notice students’ alternative

conceptions about friction (i.e., friction is not force) and Newton’s equation of first

law (i.e., Newton’s equation of first law is ΣF = ma). This shows her weakness in

identifying student alternative conceptions, which is one important component of

PCK, and this may have arisen from her weak content knowledge in physics.

Cathy read, analyzed and discussed the Reaction Force written case in the

sixth week. From this activity, she learned several things. First, force is a basic

concept for students in learning action-reaction. Second, the introduction stage is very

important and has a potential to help student understand content more. Students

should be given the opportunity to do activities in this stage. Third, teaching materials

should be real, economical, available and useful for teaching and learning. Finally, the

teacher should thoroughly understand content he/she intends to teach, be able to solve

problems at hand, and make students understand content. Anyway, Cathy could not

notice the students’ alternative conception about reaction—no reaction acting on an

at-rest object—that may come from her weak physics content knowledge.

In summary, classroom observation and interview with the physics teacher

helped Cathy realize the complexity of, and problems related to, teaching and learning

in the real context. This activity also encouraged her to develop each knowledge

component of PCK and be aware of relating knowledge components of PCK together

in teaching. From case discussions, Cathy developed her analytical and critical

thinking about particular dilemmas of teaching and learning Newton’s first law and

reaction. Her suggestions for coping with those dilemmas situated in the cases in

forms of specific content representations such as experiment also showed her

development of PCK. Among knowledge components of PCK, however, knowledge

of students’ learning was undeveloped with Cathy because she could not identify

student alternative conceptions concerning friction, Newton’s first law and reaction

which are situated in the cases. That may have originated from her weak content

knowledge.
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1.3 Period of PCK modeling of force and motion

During the seventh to eleventh weeks of the course, Cathy participated in

the period of PCK modeling of force and motion. This period helped her develop

more understanding about teaching and learning force and motion as shown in Table

5.17.

Table 5.17 Aspects Cathy Learned from Period of PCK Modeling of Force and

Motion

Aspect What Cathy learned
Teaching
objective

• Cover all desirable aspects mentioned in curriculum
• Must correspond to content, learning activities, students and

teaching materials
• Help students learn to their highest potential by doing activities

Introduction
stage

• Review student prior learning
• Emphasize student participation
• Use a variety of interesting activities that link with content taught

Teaching
stage

• Use constructivist teaching strategies that suit content and students
• Students take an active role and construct knowledge
• Teacher is responsible for facilitating student learning

Conclusion
stage

• Teacher and students should conclude lesson together
• Teacher examines students’ understanding of targeted concepts and

remedies their misunderstanding

Teaching
materials

• Be varied, real, interesting and easy to prepare and use
• Raise students’ participation and make students understand content

Assessment • Use a variety of assessment methods including formative
assessment methods that is suitable with students

• Assess student learning in various desirable aspects
• Students take part in assessing learning by themselves, peers and

teaching of teacher

Physics
content

• Understand more about force, net force, Newton’s laws and
momentum
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To sum up, throughout the period of PCK modeling of force and motion,

Cathy developed each knowledge component of PCK (i.e., orientation toward

teaching and knowledge of curriculum, students’ learning, instructional strategies and

assessment) in more detail. In other words, she developed the depth and breadth of

understanding of each knowledge component of PCK. As the underlines in Table 5.17

show, Cathy stated the relationships among knowledge components of PCK, which

were more complex than appeared in other periods of the course. This showed that

she gradually and progressively developed more complete PCK along the course.

Interestingly, she had more understanding about force and motion as well as

assessment emphasizing students to assess learning by themselves and peers and

teaching of the teacher.

1.4 Period of micro-teaching

During the period of micro-teaching, Cathy noticed weaknesses in her

peers’ micro-teaching. For example, Sam did not raise student participation in

learning; Julie could not answer some of students’ questions; and Mark created a

serious learning environment. To overcome these weaknesses, she proposed these

suggestions: giving students more opportunities to participate in learning; having

strong content knowledge; and being relaxed and relieving anxiety.

In addition, Cathy mentioned several aspects learned from the period of

micro-teaching that are shown in Table 5.18.
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Table 5.18  Aspects Cathy Learned from Period of Micro-teaching

Aspect Detail of learning
Teaching objective • Correspond to content and learning activities

• Emphasize students as being most important

Introduction stage • Review student prior learning
• Emphasize student active participation
• Use various interesting activities and materials to make

students active and eager to learn
• Promote student thinking

Teaching stage • Emphasize student direct-experience and active participation
• Encourage student constructing knowledge by themselves
• Use a variety of interesting learning activities and teaching

materials to make students learn with fun and actively
• Learning activities used should be suitable with content
• Emphasize students working in groups
• Promote student thinking
• Teacher is a facilitator

Conclusion stage • Teacher and students conclude lesson together
• Teacher adds parts missing in student conclusion

Teaching material • Be varied, real, interesting and easy to use
• Help students understand content easier

Assessment • Correspond to content and teaching objectives
• Cover all desirable aspects of learning—development of

knowledge, skills and attitudes
• Use a variety of assessment methods
• Assess along the process of teaching and learning—use of

formative assessment methods
• Students take part in assessing themselves and their peers

Table 5.18 shows that, during the period of micro-teaching, Cathy developed each

knowledge component of PCK (i.e., orientation towards teaching and knowledge of

instructional strategies, teaching materials and students’ learning). Also, the

underlines in the Table show that she was aware of relating knowledge components of

PCK together.
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In the fifteenth week, Cathy herself performed her micro-teaching of

Newton’ second law. Before performing micro-teaching, she had significantly

improved her post-lesson plan as follows. First, she emphasized the student

development of affective domain and cooperative learning. Second, there was the

review of student prior learning at the beginning of the lesson. Third, there were

various learning activities such as demonstrations (i.e., dropping a ball and pushing a

sand bag placing on a table) and experiment of Newton’s second law that potentially

raise student participation and promote student learning. Fourth, there was a smooth

link from the introduction stage to the conclusion stage of teaching. Finally, there

were details of teaching materials and assessment methods used.

The teaching sequence of Cathy’ micro-teaching is shown in Table 5.19.

Table 5.19  Teaching Sequence of Cathy’ Micro-teaching

Aspect Learning activity
Introduction

stage
• Review student prior knowledge of motion of objects in case of zero

net force

Teaching
stage

• First demonstration: “dropping ball” followed by discussion
• Second demonstration: “pushing a sand bag on table” followed by

discussion
• Do experiment of Newton’s second law and discuss
• Apply knowledge in doing exercises

Conclusion
stage

• Teacher and students conclude lesson together

In micro-teaching, even though Cathy could conduct the teaching and

learning processes of Newton’s second law according to what she had planed, several

weaknesses were noticed. First, she did not fluently ask questions and probe student

understanding. Second, she could not notice the students’ error in doing the

experiment, i.e., students did not incline the floor to compensate friction, which is a

big mistake. Finally, she lacked preparation in teaching—the teaching and learning

process has not been progressing well because she often looked at her lesson plan and,
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sometimes, neglected student answers. These weak points originated from Cathy’s

lack of preparation and thorough understanding about Newton’s second law. She

reflected, regarding these weaknesses, that she did not prepare well and understand

how to conduct the experiment of Newton’s second law, because she missed the class

of PCK modeling of Newton’s second law. In addition, she had weak prior knowledge

of Newton’s second law since the secondary level because she was taught by lecture:

“In the secondary level, I learned from what the secondary teacher wrote on the

blackboard. The teacher taught; I read and remembered from textbooks and notes”

(Interview after micro-teaching).

In the interview after micro-teaching, Cathy expected difficulties for

students in learning the core idea of Newton’s second law (i.e., a magnitude of

acceleration of an object is proportional to the force acting on an object and is

conversely proportional to mass of the object) because they have this alternative

conception: “a magnitude of acceleration of the object is proportional to both force

acting on it and its mass.” She also stated that she emphasized the use of experiment

in teaching Newton’s second law instead of lecture because: “doing experiment helps

students understand content more than other activities; they have the opportunity to

think more.” She also stated that she emphasized student cooperative learning because

she wanted students to think and work cooperatively and help each other. In addition,

with respect to assessment, Cathy realized the influence of student individual

differences on assessment.

We should not use only one method to assess student learning. Some students

like the practical work, but do not like explaining and making a presentation in

front of the class. Some students like explaining and presenting. It is different.

(Interview after micro-teaching)

In summary, experiences derived from observing her peers’ micro-

teaching and from performing micro-teaching by herself had the potential to

encourage Cathy to develop her PCK. However, her weak prior content knowledge of

Newton’s second law, which is occurred since secondary level, and her lack of
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preparation caused several problems in her micro-teaching or impeded her

implementation of PCK.

In the final week, Cathy reflected holistically on aspects she had learned

from the course as shown in Table 5.20.

Table 5.20 Summary of Cathy’s Learning from PCK-based Physics Methods Course

Aspect Detail of learning
Orientation

towards teaching
• Aim to encourage students to develop knowledge by

themselves through hands-on activities

Knowledge of
teaching

objectives

• Cover all desirable aspects of learning
• Emphasize students as being most important
• Teaching objectives should be suitable with content

Knowledge of
curricular
materials

• Use a variety of teaching materials
• Teaching materials must correspond to content and teaching

objectives
• Teaching materials must be real, available and economical

and help students learn

Knowledge of
subject-specific

instructional
strategies

• Emphasize students as being most important
• Introduction stage is very important—it should be interesting

and stimulate student interest to learn
• Use a variety of learning activities to help students construct

knowledge by themselves
• Emphasize students’ ability to think, practice and solve

related problems, and apply acquired knowledge in everyday
lives

• Emphasize student cooperative learning
• Teacher and students conclude lesson together

Knowledge of
topic-specific
instructional

strategies

• Be able to employ specific demonstrations, e.g., dropping ball
and pushing sandbag on table

• Be able to employ specific experiments, e.g., experiment of
Newton’s second law
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Table 5.20  (Continued)

Aspect Detail of learning
Knowledge of

assessment
• Assess student development in all desirable aspects along

process of teaching and learning
• Use a variety of assessment methods that is suitable with

content

Knowledge of
physics content

• Emphasize key concepts according to the national science
curriculum

In addition, she regarded the methods course instructor as an example of a good

physics teacher because:

The course instructor prepared teaching well. He taught with fun and
demonstrated well. I had fun learning. He paid attention to all students and set
many learning activities for students to do. Students were active, took part in
learning and developed thinking skills. I understood more about force and
motion. He gave me praises, feedback and suggestions for further
improvements. (16th week reflection)

2. Summary of Cathy’s development of PCK in PCK-based Physics Methods

Course

The surveys of prior knowledge and experience conducted during the first

three weeks of the PCK-based Physics Methods Course revealed that although Cathy

had completed many courses on curriculum, teaching and learning, and assessment,

she knew little about them and had little teaching experience. The period of

preparation for PCK development encouraged Cathy to understand key ideas about

curriculum, constructivist teaching and learning, and assessment. This period was

beneficial in encouraging Cathy to develop each knowledge component of PCK,

which is essential for further development of PCK in the subsequent periods.

However, at the beginning of the course, Cathy had negative attitudes toward learning

in the course—she felt uncomfortable with the constructivist learning activities with

which she was unfamiliar. However, at the end of the second week, Cathy gradually

adapted herselfto, and developed more positive attitudes toward them.
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The classroom observation activity helped Cathy realize the complexity of,

and authentic problems concerning, physics teaching and learning in classroom

practice, while the written case discussions provided her with opportunities to develop

the ability to analyze and solve specific dilemmas of physics teaching and learning

situated in the cases. Holistically, the activities conducted during the period of

classroom observation and written case discussions encouraged Cathy to not only

develop each knowledge component of PCK, but also to realize the importance of

relating knowledge components of PCK together. This was observed through her

suggestions about the use of specific activities to improve teaching or to cope with

specific dilemmas of teaching and learning. However, among knowledge components

of PCK, knowledge of students’ learning was undeveloped with Cathy because she

could not identify student alternative conceptions about friction, reaction and

Newton’s first law being situated in the cases and this may have originated from her

weak physics content knowledge.

In the period of PCK modeling of force and motion, Cathy had opportunities

to analyze the learning activities conducted and to reflect on what she had learned

with respect to knowledge components of PCK. Experiences derived from this period

helped Cathy develop the depth and breadth of understanding of each knowledge

component of PCK (i.e., orientation toward teaching and knowledge of curriculum,

students’ learning, instructional strategies and assessment) and she also gradually and

progressively developed more complete PCK by developing more complex

relationships among knowledge components of PCK. She also had more

understanding about force and motion as well as emphasizing students taking part in

assessment.

Experiences derived from observing and analyzing strengths and weaknesses

of her peers’ micro-teaching and from performing micro-teaching by herself had the

potential to encourage Cathy develop each knowledge component of PCK, especially

knowledge of students’ learning in particular to students’ alternative conceptions and

learning difficulties, and develop topic-specific PCK for teaching Newton’s second

law. However, her weak prior content knowledge of Newton’s second law and lack of
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preparation appeared as impediments for her implementation of topic-specific PCK

for performing micro-teaching of Newton’s second law.

The Case of Sam

1. Sam’s development of PCK in PCK-based Physics Methods Course

1.1 Period of preparation for PCK development

The Survey of Prior Knowledge and Learning Goals conducted in the first

week revealed that Sam had completed previous courses on curriculum, teaching and

learning, and assessment. From these courses, he knew the National Education Act

(1999), the structure of the National Science Curriculum Standards (2002) and types

of assessment and evaluation and how to select assessment and evaluation to suit

students. In addition, he had experiences in writing a lesson plan, creating teaching

materials and assessment instruments such as test, and practicing teaching science for

grade 5 students for one lesson by using student-centered activities. From the PCK-

based Physics Methods Course, Sam expected to learn constructivist teaching

strategies and practice teaching physics because he planned to apply these knowledge

and experience in his teaching practice the following semester.

From the curriculum analysis activity, Sam could correctly identify key

ideas about learning goals (i.e., developing students to be competent, virtuous and

happy persons) teaching guidelines (i.e., regarding students as being most important

and encouraging them to develop to their highest potential) and assessment (i.e.,

assessing students’ intellectual, emotional and mental development). He could also

identify various kinds of teaching materials (e.g., textbooks, laboratory materials,

etc.), but could not identify common characteristics of desirable teaching materials.

This task also encouraged Sam to think about how to apply science curriculum to

future teaching.
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I will emphasize students as being most important. A teacher is a facilitator

who gives students opportunities to practice and who encourages their

experiences. When students face problems, they should be able to solve those

problems; the teacher’s duty is to give them advice, not to solve problems for

them. The teacher does not neglect students, but stays near students along the

way; he/she must have ethics and give equal love to all students. (1st week

worksheet on curriculum)

Although teaching and learning in the first week went well, Sam initially

had many negative feelings about learning in the course. However, after having

finished the curriculum analysis activity, he expressed positive attitudes toward

learning in the course as:

I understood more about the National Education Act (1999), Basic Education

Curriculum (2001) and the National Science Curriculum Standards (2002).

Initially, I thought these documents were boring, but when I understood them I

thought they were very interesting. To be a teacher, we must understand these

documents. I feel better about them; it’s not as difficult as I had thought. (1st

week journal)

Three favourite teaching strategies for Sam, as indicated in the Survey of

Favourite Teaching Strategy conducted in the second week, were demonstrations,

experiments and integrative teaching.

From demonstrations, students can see, touch and/or practice. These make

them understand more and it is not as boring as a lecture on the blackboard …

From experiments, students develop group-work skills and have fun, it is not

serious. Doing experiments are verifications of knowledge from the lessons …

Teaching by integrating various disciplines makes students gain more

knowledge. (2nd week Survey of Favourite Teaching Strategy)
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This showed Sam’s appreciation of the teaching strategy that emphasizes students

gaining first-hand experience, doing group work and learning with fun. It also

expressed Sam’s view about experiment as a way to verify scientific knowledge,

rather than a process to discover knowledge.

In the analysis of the transmission and constructivist modes of learning,

Sam concluded his ideas about the two modes as: “Teachers with the transmission

mode pay less attention to students’ prior learning and tend to present them with

correct answers and methods to solve problems. Teachers with the constructivist

mode, on the other hand, emphasize students self-construction of knowledge by

linking their prior knowledge and experience with knowledge and experiences derived

from interactions with learning environment inside and outside the classroom.” He

stated the differences between both modes as:

The transmission mode of learning emphasizes a teacher as being most

important by neglecting student prior knowledge and experience, while the

constructivist mode emphasizes students as being most important and pays

strong attention to student prior knowledge and experiences. (2nd week

worksheet on transmission and constructivist modes of learning)

He also mentioned that the constructivist mode of learning corresponds to the

National Education Act (1999), and realized the importance of the constructivist mode

and planned to apply the constructivist teaching strategies in his future teaching.

For better learning, I realized that the constructivist mode of learning should

be used because students have opportunities to construct knowledge by

themselves. It means that students themselves learn and create their ideas. This

is effective teaching that I will apply in the future. (Critic of 2nd week)

At the end of the second week, Sam was more aware of the diversity of

teaching strategies and realized the relationship between teaching strategies, content,
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the teacher and students for effective teaching and learning, which is the important

characteristic of PCK.

When I did the Survey of Favourite Teaching Strategy, I thought back about

the teaching strategies that I was taught. After finishing the second week, I

learned that, really, there are many interesting teaching strategies that,

formerly, I did not know. However, it depends on the teacher to choose

teaching strategies to suit the lesson, the teacher himself/herself and students

for the most effective teaching and learning. (Critic of 2nd week) (italics

added)

In the third week, Sam selected to study the generative learning model of

teaching and apply it in writing the lesson plan of pressure. He could correctly

summarize the principles of the generative learning model of teaching and he applied

it in his lesson plan through this teaching sequence: (a) Preparation—preparing

experiment materials and questions; (b) Focus—students observing water coming

from a bottle with different levels of holes, recording results and discussing with

peers; and (c) Challenge and Application—students concluding ideas of pressure and

doing the worksheet. However, Sam did not emphasize student development of

affective domain, science process skills and cooperative learning, and did not provide

the details of teacher’s questions, students’ expected answers and learning activities.

In Sam’s view, assessment and evaluation were seen as “results of student

learning that can be represented in numbers and the interpretation of those numbers

by comparing with accepted criteria or standard.” He also stated that he had

experiences with test, observation, questionnaire and survey. For Sam, test is most

impressive assessment method because: “Test is most valid assessment method that

gives standard results.” This showed his familiarity with the traditional view of

assessment such as summative assessment. However, when Sam studied formative,

summative and authentic assessments, finished the worksheet and discussed with the

class, he had more understanding about those kinds of assessment by summarizing

key ideas about them correctly.
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In summary, the period of preparation for PCK development not only

enhanced Sam’s more positive attitudes toward constructivist learning activities, but it

also helped him develop each knowledge component of PCK, as can be summarized

in Table 5.21.

Table 5.21  Summary of Sam’s Development of Knowledge Component of PCK

Knowledge
component of PCK

Development

Orientations toward
teaching

• Emphasize student-centered orientation (e.g., use of
constructivist learning activities)

Knowledge of
curriculum

• Understand key ideas about learning goal, teaching
guidelines, teaching materials and assessment mentioned in
National Education Act (1999), Basic Education
Curriculum (2001) and National Science Curriculum
Standards (2002) and their relationships

• Think about how to apply curriculum in classroom practice
• Aim to develop students to be competent, virtuous and

happy persons
• Regard students as being most important and encourage

them to develop to their highest potential

Knowledge of
students’ learning

• Emphasize students’ understanding of scientific concepts
and their applications in real life situations

Knowledge of
instructional

strategies

• Understand key ideas, teaching and learning process,
strengths and weaknesses, and differences between
transmission and constructivist modes of learning

• Regard constructivist mode of learning as corresponding to
National Education Act (1999)

• Understand key ideas of generative learning model of
teaching and apply them in writing lesson plan of pressure

Knowledge of
assessment

• Aim to assess students’ intellectual, emotional and mental
development

• Understand key ideas of formative, authentic and
summative assessment
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1.2 Period of classroom observation and case discussions

From classroom observation and interview with a physics teacher at a

secondary school in the fourth week, Sam learned the authentic, current situation of

teaching and learning in the secondary school.

From experience in the classroom, I understood more about the current

situation of teacher and students. I also learned what kind of teaching and

learning makes students bored or interested. (4th week worksheet on classroom

observation and interview with physics teacher)

From this, he adopted a more positive attitude toward students as: “I feel more

positive toward students. I feel that being naughty is in the nature of students, that we

must accept them and work hard” (4th week journal).

In addition, Sam reflected on several aspects learned from classroom

observation and interview with the physics teacher as shown in Table 5.22.

Table 5.22  Aspects Sam Learned from Classroom Observation and Interview with

Physics Teacher

Aspect Detail of learning
Introduction stage • Important

• Raise student participation and thinking

Teaching stage • Use various, flexible learning activities to suit students and
make students have fun

Classroom
management

• Teacher should be able to control emotions
• Accept student individual differences

Conclusion stage • Raise student participation
• Review what students had learned for long-term memory
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Table 5.22  (Continued)

Aspect Detail of learning
Teaching materials • Students take part in using teaching materials that make

them develop their thinking and that stimulate their interest

Assessment and
evaluation

• Be varied
• Be conducted continuously to increase effectiveness of

teacher teaching and student learning

Content • Physics is difficult for students to learn; teacher should
understand content

Table 5.22 shows that classroom observation and interview with the physics teacher

helped Sam develop each knowledge component of PCK and relate various

knowledge components of PCK together as the underlines in the Table show.

Interestingly, although the classroom observation and interview with the

physics teacher encouraged Sam to realize the importance of applying constructivist

learning activities in teaching physics, he still preferred the use of transmission mode

incorporated to the constructivist mode, as quote:

Constructivist learning activities, which emphasize students as being most

important, should be used in teaching physics because if students do not

practice by themselves, it’s hard for them to make sense of content. However,

if they are required to do activities every period, they might not want to learn.

So, the teacher should use both transmission and constructivist modes of

learning. (4th week worksheet on classroom observation and interview with

physics teacher)

In the fifth week, Sam read, analyzed and discussed about the Force and

Inertia written case. He noticed two main teaching and learning dilemmas situated in

the case that stemmed from the teacher’s lack of preparation and use of too difficult

questions in the introduction stage that made students bored and therefore did not
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want to learn. According to these weaknesses, he suggested that the teacher in the

case should “prepare more, in particular, the introduction stage because this stage is

very important. If the teacher conducts a boring introduction stage, students may be

too serious and the teaching and learning processes will not proceed smoothly” (5th

week worksheet on Force and Inertia case). However, Sam could not notice student

alternative conceptions about friction (i.e., friction is not force) and Newton’s

equation of first law (i.e., Newton’s equation of first law is ΣF = ma). This showed

Sam’s weakness concerning the ability to identify students’ alternative conceptions,

which is one important component of PCK. This weakness may have arisen from his

weak understanding about Newton’s first law and friction.

At the end of the fifth week, Sam reflected that, from the Force and Inertia

case discussion, he was aware of the importance of these aspects: the introduction

stage; strong content knowledge for teachers; student participation and construction of

knowledge; and formative assessment.

Teachers should have a firm understanding of the topic they intend to teach. If

they do not thoroughly understand content, they will not be able to give

students correct answers. Also, if teachers are too worried about their content,

they would not think about teaching techniques to raise students’ interest …

Assessment and evaluation should be varied and conducted with both teacher

teaching and student learning in order to improve the subsequent teaching and

learning to be more effective. (5th week worksheet on Force and Inertia case)

(italics added)

Good teaching must raise students active participation in the introduction,

teaching and conclusion stages because students will create knowledge by

themselves. This makes students remember things better than knowledge

transmitted from the teacher. (5th week journal)

In the sixth week, Sam read, analyzed and discussed the written case

entitled “Reaction Force.” From this activity, he learned several aspects concerning



162

the preparation of teaching, review of student prior knowledge, student thinking,

student first-hand experience and teaching materials as quote:

Good teaching comes from the teacher’s good preparation … To review

student prior knowledge is important because the teacher must link content he

intends to teach with students’ prior knowledge to promote their continuous

thinking … Students should be given opportunities to express their thinking

because the teacher will know students’ errors and help students remedy them

… If students do not have opportunities to practice by themselves, they will

not understand and cannot solve their problems and come up with correct and

clear answers by themselves … Teaching materials must not be expensive, the

teacher just applies materials being available around to be useful in his/her

teaching. (6th week worksheet on Reaction Force case)

He also expressed a positive attitude toward teaching and the core idea of PCK: “I

feel that teaching is fun stuff because a teacher must use teaching techniques to suit

specific groups of students.” However, he had a weakness in identifying the students’

alternative conception about reaction (i.e., no reaction acting on an at rest object),

which is one important component of PCK.

In summary, from classroom observation and interview with the physics

teacher, Sam realized the current situation of physics teaching and learning in the

secondary school. This activity encouraged him to develop positive attitudes toward

students and teaching and he realized the importance of constructivist teaching and

learning, though he was still familiar with or appreciated the use of transmission mode

of learning. From the case discussions, Sam noticed the teaching and learning

dilemmas situated in the cases and proposed various suggestions to improve future

teaching. He also realized the importance of these aspects in teaching: (a) the

preparation and introduction stages; (b) student prior learning, first-hand experience,

thinking, participation and self-construction of knowledge; (c) teaching materials; and

(d) formative assessment. In addition, he was aware of strong content knowledge as a

prerequisite for teachers in selecting appropriate instructional strategies. During the
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period of classroom observation and case discussions, Sam not only developed each

knowledge component of PCK, but he also realized the importance in relating various

knowledge components of PCK together. However, among knowledge components of

PCK, Sam had a weakness concerning knowledge of students’ learning because he

could not identify student alternative conceptions about friction, Newton’s first law

and reaction being situated in the cases.

1.3 Period of PCK modeling of force and motion

The period of PCK modeling of force and motion conducted during the

seventh to eleventh week helped Sam develop more understanding about teaching and

learning force and motion. This is summarized in Table 5.23.

Table 5.23 Aspects Sam Learned from Period of PCK Modeling of Force and Motion

Aspect What Sam learned
Teaching
objective

• Be clear and correspond to content, time, curriculum and
assessment

• Emphasize students as being most important and application of
knowledge in daily lives

• Regard students as a center of teaching and learning processes

Introduction
stage

• Important as a warm-up stage for stimulating students’ thinking
and interest in learning

• Review student prior learning and try to link them with content
intended to be taught

Teaching
stage

• Encourage student active participation
• Students think and practice by themselves
• Enhance student ability to solve everyday problems
• Teacher is a facilitator who is responsible for promoting student

understanding of scientific concepts

Conclusion
stage

• Teacher and students conclude the lesson together
• Students are responsible to express their ideas or opinions freely
• Teacher is responsible to check students’ understanding and

remedy their misunderstanding
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Table 5.23  (Continued)

Aspect What Sam had learned
Teaching
materials

• Be varied, clear and easy to prepare and use
• Be suitable with the lesson and teaching objectives
• Help students understand content easier

Assessment • Use a variety of assessment methods to assess student learning
outcomes as mentioned in teaching objectives

• Be conducted along the process of teaching and learning
• Be conducted with both teacher (teaching) and students (learning)
• Use results from assessment for improving future teaching

Physics
content

• Teacher should understand physics content in each topic
• Physics is a subject hard for students to understand

In addition, he reflected that, from direct experience as a learner during the

period of PCK modeling, he had learned what kind of activities appeared interesting

or boring for students; in other words, what kind of activities that students would like

or dislike. He additionally had a positive attitude toward taking a role as a secondary

science student and constructivist learning activities conducted in this period.

I have fun when being a secondary student again. This kind of [constructivist]

teaching activities made me have fun and challenged my thinking. (7th week

journal)

Importantly, Sam expressed his idea related to PCK: “Teachers must have strong

content knowledge in order to be able to integrate teaching methods with lessons

effectively” (10th week journal).

To sum up, the period of PCK modeling of force and motion enhanced

Sam’s positive attitudes toward constructivist teaching and learning. It also

encouraged him to develop each knowledge component of PCK in more depth and

breadth details. Sam additionally viewed physics teaching and learning as an

integrative process that requires the teacher’s ability to relate or integrate various
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knowledge components of PCK together. Up to this, throughout this period, he tended

to develop a more complete PCK by developing more complex relationships among

various knowledge components of PCK.

1.4 Period of micro-teaching

In the twelfth week, Sam himself performed micro-teaching of the topic

“force and net force.” Before micro-teaching, he had revised the pre-lesson plan of

force and net force written in the second week. His post-lesson plan had improved

noticeably. First, he emphasized the student development of affective domain, science

process skills and cooperative learning. Second, there was more group activities (i.e.,

explaining meaning of net force and doing exercises) to promote student participation

and learning. Third, he emphasized that the teacher and students should conclude the

lesson together. Finally, there were details of the teacher’s questions, students’

expected answers and learning activities.

In his micro-teaching, Sam conducted the teaching sequence as shown in

Table 5.24.

Table 5.24 Sam’s Teaching Sequence of Micro-teaching of Force and Net Force

Stages of
teaching

Activity

Introduction
stage

• Raise situation ‘car accident’ and ask question: How is physical
quantity involved in this situation?

Teaching
stage

• Teacher explain physical quantities involved with car accident
• Demonstration: students dropping clays from different heights
• Group activity: explaining meaning of net force and doing exercises

Conclusion
stage

• Teacher and students give answer to exercise
• Teacher and students conclude lesson

Even though Sam conducted the teaching and learning process of force

and net force according to what he had planed, several weaknesses were noticed—
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speaking very fast and giving students less wait-time for answering questions. In

addition, he expected that students might have difficulties in calculating net force: “If

students do not understand how to divide and sum forces, they might not be able to

calculate net force.” In his view, students might also have these alternative

conceptions: “They might not know what differences of velocity between equal

masses falling from the same height and different heights, and different masses falling

from different heights are.” This showed that direct-experience from teaching

encouraged Sam to be aware of, and understand more about, students’ learning

difficulties and alternative conceptions.

Sam viewed physics as a boring subject and proposed the “student gaining

first-hand experience” strategies to make students active and have fun in learning.

Learning physics is boring for every student. However, when students are

stimulated to be active all the time, learning physics will not bore anymore.

Even though students did not cooperate in doing activities, they at least had

opportunities to touch and practice by themselves. (Interview after micro-

teaching)

Therefore, in his micro-teaching, Sam emphasized student thinking and group work

rather than student listening from lecture.

I think teaching by lecture is boring because students must read and recite a

lot. I wanted students to think by themselves. I am a facilitator who helps them

create their ideas as expected in teaching objectives and who requires them to

work in groups. (Interview after micro-teaching)

He realized the importance of teaching materials in helping students understand the

lesson and express their ideas.
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Teaching materials helped students understand content more. For example, the

pictures of car accident showed real situations in our daily lives and

encouraged students to think and speak. When they talked, I suddenly knew

their ideas and used them [students’ ideas] as guidelines of my teaching.

(Interview after micro-teaching)

Additionally, he mentioned that prior experiences as a learner had

influenced his decision-making about what teaching strategies should be used in

micro-teaching: “I used my experiences as a learner in selecting teaching strategies—

what kind of teaching that will make students pay more attention.”

Sam mentioned several aspects he had learned from the period of micro-

teaching. They are shown in Table 5.25.

Table 5.25  Aspects Sam Learned from Period of Micro-teaching

Aspect Detail of learning
Teaching objective • Correspond to content, teaching time and curriculum

• Emphasize students as being most important
• Encourage students to do group activities and accept other

ideas

Introduction stage • Very important
• Emphasize student active participation
• Review students’ prior learning
• Teach to suit students’ prior learning by using various

interesting activities and materials
• Corresponds to content and teaching time

Teaching stage • Corresponds to content and teaching objectives
• Emphasize student first-hand experience
• Emphasize student active participation and student

constructing knowledge by themselves
• Encourage students to develop thinking process and skills

and problem-solving skills
• Encourage students’ positive attitudes toward teaching and

learning
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Table 5.25  (Continued)

Aspect Detail of learning
Conclusion stage • Teacher and students conclude lesson together

• Teacher adds parts missing in student conclusion

Teaching material • Corresponds to content and teaching objectives
• Help students understand content easier
• Students take part in using teaching materials
• Be varied, interesting and easy to prepare and use

Assessment • Corresponds to content
• Use a variety of assessment methods
• Assess both teacher (teaching) and student (learning)
• Use results of assessment to improve future teaching

Attitude • Teaching is fun and challenging

Table 5.25 shows that from the period of micro-teaching Sam not only developed

each knowledge component of PCK in more details, but he also related many

knowledge components of PCK together as the underlines in the Table show.

 In the final week, Sam reflected holistically on aspects he had learned from the

course and that can be summarized as shown in Table 5.26.
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Table 5.26  Summary of Sam’s Learning from PCK-based Physics Methods Course

Aspect Detail of learning
Orientation

towards teaching
• Aim at encouraging students to construct knowledge by

deriving first-hand experiences

Knowledge of
teaching

objectives

• Teaching objectives should be suitable with content
• Emphasize students as being most important
• Encourage students to construct knowledge by themselves

Knowledge of
curricular
materials

• Teaching materials must correspond to content and make
content easier for students

• Use a variety of teaching materials
• Students should have opportunities to use teaching materials

Knowledge of
subject-specific

instructional
strategies

• Use interesting teaching materials in introduction stage to
stimulate student interest in learning

• Introduction stage should suit lesson taught
• Teacher should raise student active participation in

introduction, teaching and conclusion stages
• Encourage students to construct knowledge by themselves

Knowledge of
topic-specific
instructional

strategies

• Be able to employ specific demonstrations, e.g., dropping
clays from different height

• Be able to employ specific group activities, e.g., explaining
net force and doing exercises

Knowledge of
students’ learning

• Review student prior knowledge and experience every lesson
• Conduct teaching to suit student prior knowledge and

experience

Knowledge of
assessment

• Assessment methods should suit content
• Use a variety of assessment methods
• Assess both teacher’s teaching and students’ learning

Knowledge of
physics content

• Understand more about force, net force, Newton’s laws

Table 5.26 indicates that Sam strongly emphasized constructivist teaching and

learning. In the overall, the learning activities conducted in the course had a potential

to encourage Sam to develop each knowledge component of PCK in more depth and
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breadth dimensions, and relate many knowledge components of PCK together as the

underlines in the Table show.

Finally, he expressed a positive attitude toward the methods course

instructor and teaching and learning in the course, especially the period of PCK

modeling of force and motion.

The course instructor paid strong attention to teaching. I observed that from

his learning activities, notes and worksheets. At the beginning of the course, I

was bored. However, I finally understood the instructor’s intention because he

is very diligent and should be perceived as an example of good teacher. In

particular, the period of PCK modeling, the instructor modeled physics

teaching of force and motion by using a variety of learning activities, which

some of them I had never experienced before, that made me enjoy every

period. I was not sleepy. Most importantly, the instructor taught very well

because I understood the origins of many equations. I will apply this for

improving my future teaching. The instructor made me feel acquainted with

him and I had fun learning. I can truthfully tell you that I was very impressed

with his intentions and abilities. (Evaluation of the course instructor’s

teaching)

2. Summary of Sam’s development of PCK in PCK-based Physics Methods

Course

Sam came to PCK-based Physics Methods Course with prior knowledge

concerning curriculum, teaching and learning, and assessment, and prior experiences

in writing the lesson plan, creating teaching materials and assessment instruments,

and practicing teaching science. From the period of preparation for PCK

development, Sam developed more understanding about the national curriculum, the

constructivist theory and teaching strategies, especially the generative learning model

of teaching, and formative and authentic assessment that served him as a basis in

further developing PCK in the subsequent periods in the course. He was also aware of
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the diversity of teaching strategies and the relationship between teaching strategies,

content and students, which is the core idea of PCK. Although Sam initially had many

negative attitudes toward the constructivist learning activities conducted, as the course

was progressing, he could adapt himself to, and developed more positive attitudes

toward, them.

The classroom observation activity helped Sam understand about the current

situation of physics teaching and learning in the real context at the secondary school

and he developed positive attitudes toward students’ learning. From case discussions,

Sam developed critical and analytical thinking about specific teaching and learning

dilemmas situated in the cases and ways to cope with them. He realized the

importance of preparation and introduction stages, constructivist teaching and

learning, student thinking and active participation, teaching materials and formative

assessment. He was also aware of the importance of strong content knowledge for

teachers, which appeared as a prerequisite in selecting the appropriate strategies for

teaching specific topics. Overall, the period of classroom observation and case

discussions encouraged Sam to develop each knowledge component of PCK and

realize the importance of relating knowledge components of PCK together. However,

among knowledge components of PCK, Sam had a weakness concerning knowledge

of students’ learning, in particular, students’ alternative conceptions about friction,

reaction and Newton’s first law that may have arisen from his weak understanding

about those concepts.

From direct experience as a learner during the period of PCK modeling of

force and motion, Sam viewed physics teaching and learning as an integrative process

that requires the teacher’s ability to relate knowledge components of PCK together.

He emphasized students as being most important and used constructivist activities to

enhance students’ active participation and self-construction of knowledge. He also

had more understanding about the nature of physics and developed more positive

attitudes toward constructivist learning activities conducted during this period.

Holistically, Sam not only developed each knowledge components of PCK, but also
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integrated all knowledge components into topic-specific PCK for teaching force and

motion.

From participating in the period of micro-teaching, Sam learned several

aspects beneficial for developing knowledge components of PCK from observing and

analyzing the strengths and weaknesses of his peers’ micro-teaching. His post-lesson

plan of force and net force improved noticeably. In micro-teaching, he emphasized the

importance of student thinking and gaining first-hand experiences from group-work

activities. Direct experience from micro-teaching also encouraged Sam to become

aware of students’ learning difficulties and alternative conceptions.   Throughout the

period of micro-teaching, Sam developed more positive attitudes toward teaching and

learning physics. In addition, he not only developed each knowledge component of

PCK, but he also related many knowledge components of PCK together. Specifically,

he developed topic-specific PCK for micro-teaching of force and net force.

Common Findings

In this part the common findings derived from the cross-case analyses of Julie,

Mark, Cathy and Sam development of PCK from participating in the PCK-based

Physics Methods Course are presented according to the four main parts of the course:

(a) the period of preparation for PCK development; (b) classroom observation and

case discussions; (c) the period of PCK modeling of force and motion; and (d) the

period of micro-teaching.

1. Preservice physics teachers’ development of PCK during period of 

preparation for PCK development

The Survey of Prior Knowledge and Learning Goals conducted at the

beginning of the first week of the PCK-based Physics Methods Course revealed that

although the preservice physics teachers had completed several courses on

curriculum, teaching and learning, and assessment, they knew little about them and

had little experience in writing lesson plans and teaching science. In addition, all
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preservice physics teachers stated that the learning goals of the PCK-based Physics

Methods Course totally corresponded to their expectations, in particular to how to

write lesson plans, apply a variety of teaching methods in teaching, create a desirable

learning environment and practice teaching physics.

From the curriculum analysis activity conducted in the first week, the

preservice teachers shwoed more understanding about learning goals, teaching

guidelines, teaching materials and assessment, and their relationships as mentioned in

the National Education Act (1999), the Basic Education Curriculum (2001) and the

National Science Curriculum Standards (2002). They also expressed various ways to

apply their understanding about curriculum they acquired from this activity to their

future teaching such as writing lesson plans and emphasizing students as being most

important and deriving fist-hand experience. In addition, all preservice physics

teachers expressed their ideas emphasizing a relationship between content, teaching

methods and students, such as “conducting learning activities to suit content intended

to be taught and students’ backgrounds,” which is related to the core idea of PCK.

This revealed that the curriculum analysis activity not only enhanced the preservice

physics teachers’ knowledge of curriculum, but it also encouraged them to be aware

of using PCK in teaching.

From the Survey of Favourite Teaching Strategy conducted at the beginning of

the second week, the preservice physics teachers expressed various favourite teaching

strategies, such as teaching by games, demonstrations, experiments and field trips,

and stated the common characteristics of these teaching strategies, that is, making

students have fun learning and deriving knowledge from direct-experiences. This

showed that all of them appreciated to learn with, or maybe tended to teach by,

teaching strategies that encourage students to learn with happiness through first-hand

experience activities. After the preservice physics teachers had studied and discussed

the transmission and constructivist modes of learning, and four constructivist teaching

strategies (i.e., constructivist teaching sequence, interactive teaching approach,

generative learning model of teaching and cooperative learning), all of them showed

more understanding about the transmission and constructivist modes and were able to
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apply selected constructivist teaching strategies in writing the lesson plans of the

selected concepts of force and motion. From this activity, the preservice physics

teachers strongly emphasized the importance of conducting constructivist teaching

and learning in their future teaching. In addition, interestingly, at the beginning of the

course, the preservice physics teachers explicitly had negative attitudes toward the

constructivist learning activities conducted because those activities demanded more

thinking skills and required them to accomplish lots of work. That was different from

learning by lecture with which they were familiar. However, from greater

understanding about the constructivist theory and constructivist teaching strategies

learned during the second week, and direct-experience as a learner participating in the

constructivist learning environment in the course, all of them gradually developed and

explicitly adopted positive attitudes toward the constructivist learning activities

conducted in the course.

For all of preservice physics teachers, except Mark, the general aim of

assessment was grading, instead of improving subsequent teaching and learning

processes. Also, the most impressive assessment method for them, except Cathy, was

“testing” because of its ability to provide non-biased or valid results. For all of them,

evaluation was seen as “interpreting student understanding into scores or grades.”

These showed that the preservice physics teachers were still familiar with, or

appreciated the traditional view of assessment like summative assessment. However,

After all preservice physics teachers had studied and discussed key ideas of formative,

summative and authentic assessment, they had more understandings about these kinds

of assessment, especially formative assessment, by willing to use various formative

assessment methods in their future teaching such as observing the classroom,

interviewing students, examining students’ artifacts, using portfolios and so forth.

2. Preservice physics teachers’ development of PCK during period of classroom 

observation and case discussions

From classroom observations and interviews with a physics teacher, the

preservice physics teachers began to realize the current situation of teaching and
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learning physics in the real context of a secondary school. They were also aware of

the complexity of, and problems associated with, physics teaching and learning in real

classroom practice. According to this activity, all of the preservice teachers expressed

their abilities in analyzing the strengths and weaknesses of observed teaching and

proposed suggestions for further improving teaching. In addition, the discussion about

Force and Inertia and Reaction Force written cases conducted enhanced the preservice

physics teachers’ analytical and critical thinking about the teaching and learning

dilemmas situated in those cases and practical ways to cope with them.

Overall, the period of classroom observation and case discussions conducted

during the fourth to sixth weeks helped the preservice physics teachers develop more

understanding about each knowledge component of PCK, that is, orientation toward

teaching and knowledge of instructional strategies, teaching materials and students’

learning. However, among these components, the preservice physics teachers still had

a weakness concerning knowledge of students’ learning, in particular, students’

alternative conceptions as they could not identify students’ alternative conceptions

about friction and/or Newton’s first law and/or reaction. This weakness is believed to

have occurred because they also had this kind of alternative conceptions, or they had a

weak understanding about those topics. In addition, this period encouraged the

preservice physics teachers to become aware of relating various knowledge

components of PCK together, which was shown through their proposed suggestions in

terms of specific learning activities or teaching strategies for improving teaching or

coping with specific teaching and learning dilemmas. However, the characteristics of

relationship among knowledge components of PCK for each preservice physics

teacher is a matter of individual differences. All of the preservice physics teachers

also realized the importance of strong content knowledge for teachers, especially in

the case of Sam. That is, he indicated that strong content knowledge as a prerequisite

for the teacher that he/she must possess prior to the ability to select appropriate

teaching strategies. Interestingly, although all preservice physics teachers emphasized

more about conducting constructivist teaching and learning in their future classrooms,

Mark still preferred to use lecture in teaching abstract, difficult topics like reaction.
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3. Preservice physics teachers’ development of PCK during period of PCK 

modeling of force and motion

From direct-experience as a learner during the period of PCK modeling of

force and motion conducted during the seventh to eleventh weeks, all preservice

physics teachers developed more understanding about teaching and learning physics.

That is, they realized the importance of the introduction stage. Julie regarded the

introduction stage as a starting point of the lesson, while Sam referred to this stage as

a warm-up stage for stimulating students’ readiness and interest to learn. Almost all of

them, except Sam, mentioned to review student prior to learning in the introduction

stage and the teacher’s responsibility to help students link their prior knowledge and

experience with the lesson he intends to teach. In the teaching stage, Julie, Mark and

Cathy emphasized students as being most important and indicated the use of

constructivist activities in teaching, while Sam emphasized student active

participation. All of them mentioned in the conclusion stage that the teacher and

students should conclude the lesson together. During this stage, the teacher is

responsible for checking students’ understanding as well as remedying their

misunderstanding.

Regarding teaching materials, all preservice physics teachers stated that the

teacher should use a variety of teaching materials, which are real, easy to prepare and

to use, and that help students understand the lesson more easily. Sam also mentioned

that teaching materials should be suitable with content taught and teaching objectives,

while Mark stated that the teacher should try out teaching materials before teaching

and then be able to apply them accurately or skillfully.

In addition, all preservice physics teachers mentioned the use of a variety of

assessment methods to assess all desirable aspects of student learning. Cathy and Sam

explicitly mentioned the use of formative assessment methods such as observing

students’ learning and checking their exercises and worksheets. In Mark and Sam’s

view, the results of assessment should be used for improving subsequent teaching and
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learning processes. In addition, Mark, Sam and Cathy mentioned that assessment

methods used should be suitable with teaching objectives and students.

Regarding physics content knowledge, all preservice physics teachers noticed

that they had developed more understanding about force, net force, Newton’s laws

and momentum taught during the period of PCK modeling. Julie and Mark also stated

that the teacher’s strong content knowledge was essential for effective physics

teaching. In addition, Julie, Sam and Mark were aware of the nature of physics

teaching such as “physics is a difficult subject for students; therefore, the teacher

should conduct interesting learning activities to make student love to learn physics.”

Finally, all preservice physics teachers indicated that they developed a positive

attitude toward the teaching and learning processes conducted during the period of

PCK modeling of force and motion. In addition, after this period, the preservice

physics teachers not only showed more depth and breadth understanding about each

knowledge component of PCK, but they also tended to develop the relationships

between knowledge components of PCK, which showed more complex thinking

about effective physics teaching. In other words, all preservice physics teachers

gradually and progressively developed more complete topic-specific PCK for

teaching force and motion throughout the period of PCK modeling.

4. Preservice physics teachers’ development of PCK during period of micro-

teaching

Before performing micro-teaching, all preservice physics teachers had revised

their pre-lesson plans of selected concepts of force and motion. Their post-lesson

plans improved remarkably in several aspects. Among these, the major improvement

was about the teaching objective emphasizing more the student development of

affective domain, science process skills and cooperative learning. The other

improvements were: (a) reviewing student prior learning at the beginning of the

lesson; (b) using more constructivist, group-work learning activities; and (c)
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providing details of the teacher’s questions, students’ expected answers, learning

activities, teaching materials and assessment methods employed.

In real practice, the strengths of the preservice physics teachers’ micro-

teaching were different according to individual characteristics. Anyway, the major

strength being explicitly expressed in their micro-teaching was conducting more

constructivist, hands-on, group activities. Similarly, the preservice physics teachers’

weaknesses in micro-teaching were individual differences. For example, Julie and

Sam gave students less wait-time, so students had fewer opportunities to think and

give answers. Mark was too nervous, anxious and serious when teaching, while Cathy

did not prepare content and teaching materials well, and tried out the experiment of

Newton’s second law before teaching. These weaknesses had several negative

consequences on teaching and learning. The common weakness in their micro-

teaching was about their weak understanding about some concept taught. For

example, Julie and Mark could not answer some of the students’ questions and Julie

could not notice students’ alternative conceptions about reaction. Cathy also could not

notice students’ errors while doing experiment of Newton’s second law, which is a

big mistake in her micro-teaching. This weakness showed that Julie, Mark and Cathy

had a weak point concerning knowledge of students’ learning, especially students’

alternative conceptions, which is one important component of PCK. In addition, Mark

viewed the teacher as a learner learning with the students’ questions, while Sam

viewed physics as a difficult subject and reflected that his prior experience as a

learner had a strong influence on his decision-making about the instructional

strategies he employed.

During the period of micro-teaching, all preservice physics teachers stated that

they had learned several things concerning physics teaching and learning (i.e.,

teaching objectives, introduction, teaching and conclusion stages, teaching materials,

assessment, physics content and students’ learning) from observations and analyses of

strengths and weaknesses of their peers’ micro-teaching. In the holistic view, this

period not only helped all preservice physics teachers develop more depth and breadth

understanding about each knowledge components of PCK, but it also encouraged
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them to develop more complex relationships between various knowledge components

of PCK or, in other words, to gradually develop a more complete topic-specific PCK

for teaching force and motion. For each preservice physics teacher, the characteristic

of relationships among knowledge components of PCK were individual differences.

In addition, from direct-experience as a teacher in performing micro-teaching, they

had the opportunity to implement their topic-specific PCK for teaching the selected

concepts of force and motion.

5. Summary of preservice physics teachers’ development of PCK from 

participating in PCK-based Physics Methods Course

The constructivist learning activities conducted during the period of

preparation for PCK development were beneficial to all preservice physics teachers in

developing their understanding about components of PCK concerning curriculum,

constructivist teaching and learning, teaching materials and assessment, which served

them as a basis for further developing their PCK in the subsequent periods of the

course.

Participating in the period of classroom observations and case discussions not

only encouraged the preservice physics teachers to be aware of the current situation of

physics teaching and learning in a secondary school, but it also enhanced their ability

to critically and analytically think about specific dilemmas of physics teaching and

learning situated in the cases and to propose practical ways to cope with those

dilemmas. From these activities, the preservice physics teachers had opportunities to

develop knowledge components of PCK, especially knowledge of instructional

strategies and students’ learning with respect to students’ alternative conceptions and

learning difficulties.

From direct experience as a learner participating in the constructivist learning

activities conducted during the period of PCK modeling of force and motion, all

preservice physics teachers not only developed understanding about each component

of PCK (i.e., orientation toward teaching and knowledge of instructional strategies,
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teaching materials and students’ learning) and content, but they also gradually

developed more complete topic-specific PCK for teaching force and motion by

developing more complex relationships among various knowledge components of

PCK. The period of PCK modeling appeared as a crucial component of the PCK-

based Physics Methods Course.

The other crucial part of the PCK-based Physics Methods Course was the

period of micro-teaching. Direct experience as a learner and a teacher during this

period potentially stimulated the preservice physics teachers to develop and

implement their topic-specific PCK for teaching selected concepts of force and net

force, friction and Newton’s second and third laws by integrating all knowledge

components of PCK into their micro-teaching. However, the characteristic of

integration of knowledge components of PCK for each preservice physics teacher was

individual differences influenced by their prior knowledge and experiences

concerning curriculum, teaching and learning, and assessment from previous courses,

and understanding about each component of PCK developed from the course.

Noticeably, throughout the PCK-based Physics Methods Course, all preservice

physics teachers tended to progressively develop a more complete PCK by gradually

increasing the complexity of relationships among the various knowledge components

of PCK.



CHAPTER VI

RESULTS OF PHASE II OF THE STUDY

This chapter is divided into two main parts. The first part presents the results

of the second phase of the study addressing the research question—how, and to what

extent the preservice physics teachers develop and implement PCK during teaching

practice. In the second part, the common findings emerged from the cross-case

analysis of all preservice physics teachers’ development and implementation of PCK

during teaching practice were presented. Throughout this chapter, these pseudonyms

were used to represent the preservice physics teachers’ names, that is, Julie, Mark,

Cathy and Sam.

The case of Julie

1. Julie’s development and implementation of PCK in teaching practice

Julie had performed teaching practice in School A within the supervisions of

Cooperating Teacher A and University Supervisor A. She was officially assigned

from School A to teach one physics subject, “Compulsory Physics”, for two grade 11

science classes, which each class took four periods per week. So, her total teaching

workload was eight periods per week. Beyond teaching, she must work in another

department (i.e., the Academic Department) in the school as a required, extra job.

Before teaching practice, Julie had planned three instructional units of the

topics of fluid, heat and wave that consist of 18 lesson plans. The topics included in

each instructional unit can be shown as Table 6.1.
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Table 6.1  Julie’s Instructional Units during Teaching Practice

Instructional unit Topic
1. Fluid 1.1 Density and pressure of fluid

1.2 Pressure and depth of fluid
1.3 Pressure measurement instrument
1.4 Pascal’s law and hydraulic machine
1.5 Buoyant force and Archimedes’ principle
1.6 Surface tension
1.7 Viscosity and fluid dynamics
1.8 Bernoulli’s equation

2. Heat 2.1 Temperature and heat transfer
2.2 State and change of state
2.3 Ideal gas
2.4 Kinetic theory of gas
2.5 Internal energy

3. Wave 3.1 Energy transfer of wave
3.2 Wave reflection
3.3 Wave refraction
3.4 Wave interference
3.5 Wave diffraction

1.1 Julie’s integration of knowledge components of PCK into lesson plans

Julie had created 18 lesson plans for teaching the topics of fluid, heat and

wave. The summary of each lesson plan is shown as Appendix Table C1. The

sequence of topics intended to teach appeared in her lesson plans was corresponded

with the grade 11 physics textbook and the National Science Curriculum Standards

(2002). Considering in the holistic view, Julie’s orientation toward teaching physics

was similar to the “academic rigor” orientation mentioned by Lantz and Kass (1987

cited in Magnusson et al., 1999: 101). According to this orientation, a teacher first

challenges students with problems, examples, situations and/or activities; then,

students were requested to do activities such as group activity and experiment to

verify science concepts.
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Julie’s major teaching objective was to help students be able to explain key

concepts of the topic intended to teach. The others were to help students be able to do

specific experiments and apply acquired knowledge in solving related problems and

explaining real-life situations. Although the student development of affective domain,

science process skills and cooperative learning did not explicitly mentioned in her

teaching objectives, Julie strongly emphasized the use of hands-on, group activities

and experiments in her lesson plans.

The review of student prior learning in the introduction stage was heavily

emphasized in Julie’s lesson plans. She, however, planned to review the concepts

students learned in the previous periods instead of the concepts needed for learning

the topic intended to teach. In the introduction stage, Julie tried to promote students’

interest in learning by raising situations and/or examples relating to students’

everyday experiences. For example, situations of “a bug climbing on water,” “a

floating boat” and “watering a tree” were raised for teaching surface tension, Buoyant

force and Bernoulli’s equation, respectively. Even though in some topics there was a

lack of review of student prior knowledge, raising everyday situations and examples

were conducted instead.

More than half of the learning activities mentioned in the teaching stage of

Julie’s lesson plans was requiring students to do experiments, present results and

discuss. The remaining were group activities and demonstrations and there were only

two lesson plans that she employed teacher-centered activities such as lecture with

transparencies followed by students doing exercises and worksheets. This showed

Julie’s emphasis on using hands-on, group activities in her teaching. However,

noticeably, the main source of these activities was the teacher manual and physics

textbooks. There still was a lack of learning activities created from her creativity. In

addition, various teaching materials concerning hands-on, group activities,

experiments and demonstrations being normally mentioned in the teacher manual and

physics textbooks were often mentioned in her lesson plans.
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In the conclusion stage, Julie strongly emphasized “students concluding

the lesson by themselves and asking questions.” She also mentioned about praising

students’ desirable behaviors at the end of each lesson.

Finally, although Julie’s assessment and evaluation were not well matched

with her teaching objectives, various formative assessment methods were explicitly

mentioned in her lesson plans such as observing students’ discussion and questioning-

answering, and checking students’ exercises and worksheets. In addition, she

explicitly and clearly stated the aspects for assessment—students’ reports of

experiments, exercises, worksheets and exhibition board, the end-of-chapter tests, the

mid-term and final examination and the development of affective domain—and their

scores.

In summary, Julie’s integration of all knowledge components of PCK (i.e.,

orientation toward teaching and knowledge of curriculum, students’ learning,

instructional strategies and assessment) into her lesson plans was accomplished to

some extent because there still were some weak points related to those components.

However, for a novice physics teacher as Julie, this is the good starting point in terms

of how to holistically think about teaching and learning physics in the secondary

school.

1.2 Julie’s integration and implementation of knowledge components of 

PCK into real practice

The preservice teachers should not only be able to integrate all knowledge

components of PCK into lesson plans, but they should also be able to implement them

in classroom practice. Consequently, the researcher had visited and observed six

lessons of Julie’s teaching at School A, and interviewed her after finished each

teaching in order to study how she integrates and implements knowledge components

of PCK into real practice. The sequences, strengths and weaknesses of Julie’s

teaching during teaching practice can be summarized as Appendix Table C2. In

addition, Julie’s development of each knowledge component of PCK (i.e., orientation
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toward teaching and knowledge of curriculum, students’ learning, instructional

strategies and assessment) can be presented as the following.

1.2.1 Orientation toward teaching physics

In the PCK-based Physics Methods Course, Julie’s highest

expectation was helping students understand physics contents and love in learning

physics. During teaching practice, she still insisted with, and tried best to accomplish,

this expectation. To do that, she strongly emphasized the academic rigor orientation in

teaching by challenging students with problems, examples and/or situations and

requiring them to do hands-on, group activities and experiments in order to verify

scientific conceptions intended to teach. Julie’s expectation of teaching was well

matched with Cooperating Teacher A’s philosophy of physics teaching: “By using

physics as a tool, I try to teach students to love in learning physics.” Therefore, she

worked well with her cooperating teacher. Also, her expectation in teaching,

sometimes, was sustained or promoted by Cooperating Teacher A.

1.2.2 Knowledge of teaching objective

Julie repeatedly mentioned in the PCK-based Physics Methods

Course that teaching objectives should be corresponded with the National Science

Curriculum. That is, teachers should aim at holistically developing students in four

major aspects, namely, physical, intellectual, emotional and mental development.

During teaching practice, she still emphasized these aspects in the teaching objectives

of her lesson plans. However, at the beginning of teaching practice, she often

emphasized only students’ memorization of physical equations and abilities to use

mathematics in solving related problems instead of students’ deep understanding and

ability to apply knowledge in real life situations. Importantly, she tended to emphasize

teaching for covering all required contents rather than to enhance students’ thinking

and understanding. In this case, the main constraint for Julie’s teaching was the

coverage of all contents required by a school within a limitation of available time.

Because there were lots of physics topics to cover within one semester of teaching
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practice, Julie mentioned that she had to teach very quickly by paying less attention to

students’ thinking. This showed that the “coverage-of-content” constraint strongly

impacted not only on Julie’s degree of accomplishment of teaching objectives, but

also on her decisions concerning instructional strategies used.

Luckily, Cooperating Teacher A could notice Julie’s concern

about, and problems related to, the coverage-of-content constraint. Up to this, he gave

Julie the suggestion about teaching by emphasizing basic concepts and requiring

students to study further by themselves. He also encouraged Julie to realize the

importance of students’ thinking and understanding rather than how much content

they remembered.

Don’t teach too quickly! It is not essential to teach all contents because some

contents students can read and study by themselves. You [Julie] should try to

think back to the students you taught. They sometimes did not understand

what you have said. It’s waste of time, if you try to give them all contents and

make them confuse rather than understand. (Interview of Cooperating Teacher

A 6/9/2005)

Cooperating Teacher A’s suggestions reminded and helped Julie improved her

subsequent teaching by placing more concern about, and emphasis on, students’

thinking and understanding, and also applications of acquired knowledge and

experiences in daily lives.

1.2.3 Knowledge of curricular materials

In the PCK-based Physics Methods Course, Julie had mentioned

about the characteristics of desirable teaching materials that should be interesting,

simple and well-prepared, make content easier for students, and enhance their first-

hand experience and most participation. However, because her main teaching strategy

at the beginning of teaching practice was lecture, Julie used a few teaching materials

in teaching. In this case, the main teaching material employed was transparencies.
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This may be because lecture with transparencies appeared as an easiest way to

eradicate her coverage-of-content constraint. Julie also overlooked some teaching

materials which are simple, easy to prepare and easily available. Cooperating Teacher

A argued about this that, maybe, Julie did not have much teaching experience and

understand the key idea about “teaching material.”

When teaching practice went on, Julie continually increased her

awareness of the importance of using teaching materials in “helping students

understand contents as well as raising their interest and attention in learning.” Thus,

she used a variety of teaching materials, especially laboratory materials, in teaching.

Julie also developed more understanding about the effects of specific teaching

materials, especially transparencies, on students’ learning. For example, in the topic

of Bernoulli’s principle, she mentioned that: “I want a real spray-painting machine in

order to show students how it works … This time I could not control the class because

students paid little attention to transparencies used” (Interview of Julie 21/6/2005). In

addition, she could adapt specific activities and materials mentioned in a physics

textbook for her future teaching:

A textbook suggests this technique - hanging two apples and asking the

students to blow between those apples and see what happens. I may change

from apples to table tennis balls … In case of a wing of a plane, I may make a

shape of the wing by using the paper and ask the students to blow it and see

what happens. (Interview of Julie 21/6/2005)

1.2.4 Knowledge of students’ learning

When comparing with other knowledge components of PCK,

during the PCK-based Physics Methods Course, knowledge of students’ learning was

underdeveloped in Julie that, maybe, because throughout the course she had a few

chances to interact with science students in a secondary school. However, from real

interactions with students in a real context during teaching practice, Julie’s knowledge

component of students’ learning was remarkably improved. That is, Julie gradually
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developed knowledge of students’ learning with respect to students’ learning

difficulties and learning styles. In the first instance, she stated that students faced

difficulties in learning abstract concepts like pressure and fluid dynamics, and

complex equations like the equation of continuity. In case of teaching pressure

measurement instrument, she mentioned that: “The students face the difficulty in

learning the topic of pressure measurement instrument because it involves many

equations such as P0 = ρgh” (Interview of Julie 31/5/2005).

In the second instance, Julie reflected more understanding about

the differences of students’ learning styles in each class, for example, “The class 5/2

students often give more cooperation in doing activities than the class 5/1 students,

who prefer in learning by solving entrance examination problems or learning only

content needed for entrance examination.” She could notice the difference of students’

learning styles concerning teaching materials and select teaching materials

appropriate to students’ learning styles.

The students in this room [class 5/2] divided into many groups. Some groups

did not pay attention in learning because they were not interested in wave

spring, so I did not use it. I tried to use the another activity [such as ripple

tank]. (Interview of Julie 30/8/2005)

In addition, she realized the impact of students’ learning styles on the quality of

teaching. Interestingly, Julie not only developed more understanding about the

characteristics of students in a class level, but she also tended to understand more

about the characteristics of individual students. This understanding was developed

from her long-term experience in interacting with the students taught.

1.2.5 Knowledge of subject-specific instructional strategies

In the PCK-based Physics Methods Course, Julie stated that in

teaching physics a variety of interesting learning activities should be used by

depending on students’ prior knowledge and experience. These activities should
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emphasize students as being most important and encourage them to learn

cooperatively, construct knowledge by themselves and apply knowledge in daily

lives. Conversely, at the beginning of teaching practice, Julie often taught by the

lecture or chalk-and-talk format. This was supported by the reflection from

Cooperating teacher A.

She [Julie] wrote a lot of stuffs on a blackboard and talked rapidly. It seems

that she feared of forgetting content remembered to teach students. She was

not aware of what students thought. She was similar to other novice teachers,

who normally talked with the blackboard instead of students. (Interview of

Cooperating Teacher A 9/8/2005)

According to the use of lecture format, Julie’s students were provided little first-hand

experience and had a few opportunities to define scientific terms, describe equations

and conclude concepts by themselves.

With strong support from Cooperating Teacher A, Julie

gradually improved her subsequent teaching by using more hands-on, group activities

and experiments, which could motivate students’ interest and intention in learning.

She also placed more emphasis on students’ prior learning and understood about the

nature of physics teaching and learning. The common teaching sequence of Julie was:

(a) introducing the lesson with various situations; (b) demonstrating or asking

students to do hands-on activities or experiments; (c) concluding the lesson with

students; and (d) giving related examples and exercises. Cooperating Teacher A also

took part in helping Julie understand the nature of physics and student learning. For

example, when Julie asked Cooperating Teacher A how to teach the topic of wave

phenomena, he replied that:
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You [Julie] have to understand why we have to learn this topic. When we

learned it, what advantages we would earn for our lives. Physics is learning

about the nature. When students don’t understand why they must learn

physics, they don’t want to learn it. (Interview of Cooperating Teacher A

9/8/2005)

1.2.6 Knowledge of topic-specific instructional strategies

Julie strongly mentioned in the PCK-based Physics Methods

Course that teaching and learning about force and motion should encourage students’

most participation and self-construction of knowledge. However, at the beginning of

teaching practice, she heavily emphasized teaching by lecture or chalk-and-talk in

order to cover all required contents. The common teaching sequence was showing

transparencies and describing contents appeared in those transparencies to students.

Up to this, the students were busy with writing all contents appeared in those

transparencies instead of trying to understand them. The review of students’ prior

learning in the introduction stage was rarely. Also, most of the questions used

emphasized student lower-thinking and memorization of contents and equations,

instead of student deep understanding of the lesson and ability to apply acquired

knowledge in daily lives. The frequent use of lower-thinking questions may be

originated from Julie’s poor understanding about particular concepts. For example, in

teaching the topic of surface tension , Julie stated that:

I must remember content well and use series of questions to lead the students

to understand what surface tension is. But, I could not think about, or even

design such a good question because I still did not understand some concepts

of surface tension. (Interview of Julie 7/6/2005)

Additionally, Julie often concluded concepts by herself and gave students the correct

answers of assigned exercises too quickly; thus, students were rarely given enough

time to think about, and describe, their answers.
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Within the supervision of Cooperating Teacher A throughout

teaching practice, Julie remarkably improved her teaching. That is, she reviewed

students’ prior knowledge more frequently and tried to relate contents intended to

teach with students’ experiences by raising various situations with which students

were familiar. For example, “water coming up through a straw” and “a mirror sucker”

were raised for teaching the topic of pressure measurement instrument; “a bug

climbing on water” was raised for teaching the topic of surface tension; and “sea wave

being seen during the field trip” was raised for teaching the topic of wave phenomena.

Additionally, she could well apply various demonstrations in teaching specific topics

such as surface tension and wave phenomena. For example, in teaching surface

tension, Julie helped students understand the nature of surface tension through various

demonstrations, i.e., “a blade and a needle floating on water,” “putting coins into a

filled cup of water,” “dropping dish washing liquid into a filled cup of water

contained numbers of coins” and “placing a coin between two filled cups of water.” In

teaching wave phenomena, Julie demonstrated “shaking a wave spring.” Students

were given opportunities to join those demonstrations. Julie’s use of demonstrations

could enhance students’ interest in learning and promote their first-hand experience.

These activities, importantly, showed Julie’s understanding about how to translate an

abstract concept into a concrete example in order to help students understand that is

the core idea about PCK.

Cooperating Teacher A helped Julie increase her representation

repertoire by suggesting several learning activities. For example, the “shaking a rope”

activity was raised to show students the transmission of energy through a medium like

rope. Up to this, he argued that “even though students cannot really see energy

transmitted, they can feel its effect from the vibration of the rope.”

To sum up, Julie’s knowledge of topic-specific instructional

strategies was shifted from the emphasis on lecture-driven activities to more hands-

on, group activities. This shift may be resulted from: (a) continuous discussions

between Julie and Cooperating Teacher A about whether the instructional strategies
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selected worked for teaching selected topics; and (b) Cooperating Teacher A’s

suggestions about other instructional strategies which could be used with those topics.

1.2.7 Knowledge of assessment

In the PCK-based Physics Methods Course, Julie stated that

assessment should cover all desirable aspects of learning and be conducted with both

teaching (of a teacher) and learning (of students). In addition, assessment methods

should be simple, varied and integrated into teaching and learning process. At the

initial of teaching practice, although Julie mentioned the use of a variety of

assessment methods in her lesson plans, in real practice, she used few assessment

methods to assess student learning. Anyway, when teaching practice progressed, Julie

emphasized the use of more assessment methods. Up to this, her frequent assessment

methods were observing of student learning, examining students’ assignments and

exercises, and tests. She could also notice the difference of characteristic of students

in each class relating to assessment.

The class 5/1 students learned and went back home, until tomorrow they

would came back and told me what parts they did not understand. In contrast,

the class 5/2 students expressed their understandings through their eyes or

faces that I knew it immediately. (Interview of Julie 17/8/2005)

1.2.8 Other aspects

When comparing with other preservice physics teachers, Julie

was regarded as having deepest understanding about force and motion that made her

feel confident when explaining force and motion concepts and performing micro-

teaching in the PCK-based Physics Methods Course. However, in teaching practice,

when being assigned to teach different physics topics with which Julie was unfamiliar

or had poor understanding about, she lacked confidence in teaching and faced several

problems concerning how to describe concepts, raise examples and/or select
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appropriate teaching materials to make students understand. For example, in teaching

the topics of pressure measurement instrument and wave reflection, she stated that:

Even though I had already studied this topic [pressure measurement

instrument], I did not understand it in detail and accustom with it. When I

described it to the students, I had no confidence. (Interview of Julie

31/5/2005)

I knew only basic knowledge [of wave reflection] … I could not raise

examples to make students see clearly. I had no experience. (Interview of Julie

17/8/2005)

Noticeably, when teaching unfamiliar topics, Julie strongly relied on reciting-

recalling-remembering content for teaching: “I recited content in the textbook and

tried to remember all of them. I sometimes confused when raising examples. When I

faced the mental conflict, I could not teach further.” This expressed that Julie’s

content knowledge strongly impacted on her implementation of PCK in teaching.

Julie’s negative attitudes toward particular topics, such as fluid

dynamics and pressure measurement instrument, were also impacted on the quality of

her teaching.

This topic [fluid dynamics] is boring for me and I don’t know how to make it

more fun. I felt not good today and bored … Pressure measurement instrument

was not interesting topic for me, especially how each pressure measurement

instrument works. (Interview of Julie 31/5/2005)

In contrast, when teaching familiar topics, Julie reflected more positive attitudes

toward teaching. For example, “I did enjoy in teaching this topic [surface tension]

because there were many teaching materials and learning activities to play and

conduct.”
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According to these weak points, Julie was aware of, and

expressed more concern about, teachers’ poor understanding about topics taught and

emphasized the importance of strong content knowledge for teachers. To improve her

content knowledge, Julie mentioned that: “I will read more textbooks and asking the

cooperating teacher in some concepts, which I cannot understand them clearly.” This

showed that the cooperating teacher was regarded as one of major sources for the

development of content knowledge for Julie.

Interestingly, Julie mentioned about extra works assigned from

the Academic Department as one of several causes of her poor preparation of

teaching. That is, these works decreased her available time for preparing content,

learning activities and teaching materials. For example, in the topic of fluid dynamics,

she mentioned that:

Today, I think I teach poorly than the previous class. At first, I planned to

create the transparency or something that is new or different from the previous

class. I planned to read textbooks last night, but I could not do that because I

had extra works to finish. I worked very late last night and today I felt sleepy

and did not prepare enough. (Interview of Julie 14/6/2005)

At the end of teaching practice, Cooperating Teacher A

mentioned about several good points of Julie such as diligence, brave to accept the

reality and readiness to improve herself.

She [Julie] is diligent … The one I like most is her brave to accept the reality

and ready to improve herself all the time. When there were some concepts or

activities that she could not teach or conduct, she would ask me for help. This

makes me ready to help her too. (Interview of Cooperating Teacher A

9/8/2005)
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He additionally reflected that Julie had improved in various aspects: (a) personality;

(b) emphasis on students’ thinking; (c) intention to be a future physics teacher; and (d)

confidence in teaching.

She [Julie] had improved her personality and leadership … She had expressed

concern about what aspects students thought and learned … She had more

intention to be a physics teacher in the future and had more confidence in

teaching. (Interview of Cooperating Teacher A 6/9/2005)

She [Julie] tried to improve herself all the time by emphasizing students’

thinking, building the relationship and communicating with them and making

them love to learn physics. She was a leader and the students trusted her …

Near the end of teaching practice, I feel that Julie wants to be a physics teacher

more, even though she used to tell me that she did not want to be a physics

teacher. (Interview of Cooperating Teacher A 6/9/2005)

In Cooperating Teacher A’s view, Julie had improved her teaching in the right way.

Only one thing that she needed more for her further improvements of teaching was

teaching experience: “Julie is on a right track. She needs only more experience. She is

now ready to face problems with her heart of teaching improvement.”

2. The roles of Cooperating Teacher A and University Supervisor A in helping 

Julie develop PCK

Cooperating Teacher A was requested to formally observe, supervise and

evaluate Julie’s teaching practice at least four times per semester. The aspects of

evaluation were mainly involved with the preservice physics teacher’s characteristics

and practice, responsibility of teacher and teaching competency. In each time,

Cooperating Teacher A had to record the results of evaluation of Julie’s teaching

practice in the “Supervision and Evaluation Handbook” attributed from the university

before the start of teaching practice. University Supervisor A had the responsibility to
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supervise and evaluate Julie’s teaching practice at least two times a semester. The

aspects for evaluation were her teaching competency and independent study.

While Cooperating Teacher A took a great effort in training and helping Julie

developing and implementing her PCK as previously mentioned, University

Supervisor A rarely took effort in training and helping Julie develop and implement

PCK during teaching practice. Up to this, he had visited and observed Julie’s teaching

at School A only once a semester. In this case, Cooperating Teacher A’s comments of

Julie’s teaching were placed on her characteristics and personality in teaching (e.g.,

talk politely, use appropriate voice and tone, don’t play with students, don’t walk too

much, and so on). Specific aspects of Julie’s teaching including physics content,

learning activities, teaching materials and assessment methods were not mentioned.

The lack of supervision from the university supervisor and close connection between

the university and the school were two concerns for Cooperating Teacher A.

3. Factors influencing Julie’s development and implementation of PCK in

teaching practice

There were several factors influencing Julie’s development and

implementation of PCK during teaching practice: (a) teaching experience; (b)

personal constructs; (c) prior knowledge and experience relating to physics teaching

and learning; (d) cooperating teacher; (e) students; and (f) supports from a school and

a university.

First, teaching experience was regarded as an important factor, which

potentially influenced Julie’s development and implementation of PCK, especially

knowledge of students’ learning, topic-specific instructional strategies and curricular

materials. That is, when teaching specific topics, she had opportunities to try out

designed learning activities and teaching materials and see their effects on students’

learning and behaviors. Experience in re-teaching the same topic also made Julie feel

more confident and taught more skillfully. In view of Cooperating Teacher A,
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experiences from “teaching and re-teaching” were seen as a crucial factor for

improving the quality of preservice teachers’ teaching.

They [preservice teachers] should practice teaching again and again for a long

time until they teach fluently. The process of teaching and re-teaching (i.e.,

prepare before teaching, teach and solve problems, evaluate teaching and

improve next teaching) helps them build their confidence and experience and

leads them to the success. Up to this, their teaching methods were adjusted all

the time. Their prior knowledge and experience were also be used to create

teaching skills. (Interview of Cooperating Teacher A 6/9/2005)

Second, Julie’s personal constructs had a powerful influence on her

development of PCK. These constructs included feelings, emotions, self-motivation,

intention to be a future physics teacher, confidence, attitudes toward physics teaching

and learning, preference toward specific topics, reflective ability, sense of leadership,

diligence and bravery of facing reality. For example, many problems in teaching were

arisen from Julie’s inability to control her feeling and emotion:

My feeling, today, is not OK [from arguing with my friend], so I was not

active and happy in teaching. Even though the students gave good

cooperation, I did not teach well as I expected. (Interview of Julie 30/8/2005)

Among those mentioned constructs, self-motivation was reflected from Julie as most

important factor because: “If I had no motivation, I could not teach.” According to

this, Cooperating Teacher A also argued that preservice teachers’ self-motivation and

intention to be a future teacher were the important constructs for the preservice

physics teachers.

The preservice teachers should have willingness and confidence, which are

originated from themselves, to be future physics teachers. (Interview of

Cooperating Teacher A 6/9/2005)
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Third, prior knowledge and experience concerning physics teaching and

learning potentially impacted on Julie’s development and implementation of PCK,

especially knowledge of physics content, instructional strategies, curricular materials

and assessment. In other words, Julie’s prior knowledge and experience concerning

physics teaching and learning impacted on her content knowledge and decision-

makings concerning what and how teaching strategies, learning activities and teaching

materials should be used. For example, when teaching the topic of wave phenomena,

Julie drew her prior knowledge of wave and prior experience as a learner learning

wave in the previous classes to select or design her learning activities, teaching

materials and assessment.

Fourth, the assistance and supervision from cooperating teacher appeared as

one of factors influencing Julie’s development and implementation of PCK. However,

this depended on the quality of the cooperating teacher’s feedbacks, experience in

teaching and training and intention in supervising the preservice physics teacher. In

case of Julie, Cooperating Teacher A had observed and supervised her teaching in

every period. He helped Julie improve her teaching by pointing out weak points and

discussed with her about specific topics and students’ likely learning difficulties

related to the topic intended to teach. Also, Cooperating Teacher A often suggested

Julie about specific examples, learning activities and teaching materials being

potentially useful for her teaching. Throughout teaching practice, Cooperating

Teacher A often took part in helping Julie’ teaching by adding examples and

situations relating to students’ everyday experience and setting demonstrations or

experiments (e.g., types of water wave, wave motion, wave reflection, etc.), and

motivating her intention to be a future physics teacher. Up to this, Julie reflected her

felling about Cooperating Teacher A that:

He usually motivated me and helped me all the time. He taught me correct

concepts and suggested me what teaching methods should be used with

specific concepts. When I taught incorrectly, he warned me. This makes me

more active and want to be a physics teacher in the future. (Interview of Julie

30/8/2005)
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Surprisingly, although Cooperating Teacher A had long-term experience in

teaching physics, he had little experience in training the preservice physics teacher

because, throughout his teaching career, there were only two preservice physics

teachers, including Julie, under his supervisions. In addition, he had never been

trained about how to be a good cooperating teacher in any school and/or the university

workshops and/or programs. In doing his job as a cooperating teacher, Cooperating

Teacher A, therefore, had to draw his extra experience as a sales manager of insurance

company as guidelines for training or supervising Julie’s teaching. He called this

principle “RTMS,” which represents recruiting, training, motivating and supervising,

respectively.

Fifth, Julie’s development and implementation of PCK were also influenced

by the students she taught. That is, students’ interest, attention, and success in

learning strongly motivated Julie’ intention to teach, improve next teaching and

continue a physics teaching career in the future: “There were some students in each

class who were interest and paid attention in learning. They all gave me power to

further teach them” (Interview of Julie 30/8/2005).

Finally, supports from the school and the university were regarded as one of

factors, which encouraged Julie to develop and implement her PCK. Up to this,

Cooperating Teacher A mentioned about the need of supports from the school (e.g.,

teaching materials, a cooperating teacher, etc.) and the university (e.g., a university

supervisor) for improving preservice teachers’ teaching. Up to this, Cooperating

Teacher A stated that the cooperating teacher and university supervisor as a good

trainer should possess strong content knowledge and experiences, and be well-trained.
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There are lots of obstacles during teaching practice, so there should be trainers

to help, monitor and motivate preservice teachers. Trainers must be

experienced in training and teaching. They must have strong knowledge and

experience in the subject they had to train. In addition, cooperating teachers

must understand their roles as trainers. So, they must be trained how to

supervise preservice teachers before teaching practice started. (Interview of

Cooperating Teacher A 6/9/2005)

In the context of Julie’s teaching practice, there was a lack of linkage or cooperation

between the university and the school. Cooperating Teacher A accordingly

commented a lot about the responsibility of, and the cooperation between, the

university and the school.

For the university, preservice teachers should be trained not only content, but

also their readiness to work in schools in the current situation … The

university supervisor must monitor their teaching practice and work

cooperatively with the cooperating teacher in the school because one of our

shared goals is helping preservice teachers be able to teach effectively. They

should be regarded as an important resource because if they are capable in

teaching and working their value will be enormously increased. The university

should not just launch the curriculum and let them graduate or grow by

themselves. All of us must work cooperatively. The cooperation is very

important … The school must believe in the quality of preservice teachers and

the university must make it happens. (Interview of Cooperating Teacher A

6/9/2005)

4. Summary of Julie’s development and implementation of PCK in teaching

practice

Before performing teaching practice, Julie developed the lesson plans of fluid,

heat and wave emphasizing the “academic rigor” orientation (Lantz and Kass, 1987

cited in Magnusson et al., 1999: 101). Her main teaching objectives were helping
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students be able to explain targeted concepts, do specific experiments and apply

acquired knowledge in solving problems and explaining everyday situations. Julie

heavily emphasized reviewing student prior learning at the beginning of the lesson

and using hands-on, group activities and experiments in teaching, which almost all of

them derived from the physics textbooks and teaching manual. She additionally

emphasized students concluding the lesson by themselves and mentioned the use of

formative assessment methods in assessing student learning outcomes. Holistically,

Julie’s integration of all knowledge components of PCK—orientation toward teaching

and knowledge of curriculum, students’ learning, instructional strategies and

assessment—into her lesson plans was accomplished to some extent because some

weak points regarding those components were still appeared in her lesson plans.

At the beginning of teaching practice, according to the coverage-of-content

constraint, Julie often emphasized students’ memorization of physics equations and

utilization of mathematics in solving related problems rather than their deep

understanding and ability to apply acquired knowledge in everyday situations as

mentioned in her lesson plans. She also tended to emphasize teaching by lecture with

transparencies or chalk-and-talk for covering all contents required to teach rather than

enhancing students’ understanding because the lecture format served her as an easy

and effective tool to eradicate her “coverage-of-content” constraint. However, Julie’s

constraint and weak points of teaching were gradually relieved by two main sources,

that is, experience in teaching and supervisions from the cooperating teacher. In the

first instance, Julie had opportunities to try out hers examples, situations and learning

activities, and observed whether they worked for her classrooms. She subsequently

improved her teaching by discarding, changing and/or adding some examples,

situations and learning activities. In the second instance, before teaching she had

opportunities to discuss and/or try out the planned examples, situations and learning

activities with Cooperating Teacher A, and derived the suggestions for improving

teaching. From these discussions, at the end of teaching practice, Julie’s teaching had

improved remarkably. The prominent improvement was the shift of emphasis from

teaching by lecture-driven activity to teaching by hands-on activity. Up to this, her

common teaching sequence was: (a) introducing the lesson with various situations; (b)
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demonstrating or asking students to do hands-on, group activities or experiments; (c)

concluding the lesson with students; and (d) giving students related examples and

exercises. In addition, interactions with students throughout her teaching practice

encouraged Julie to gradually develop knowledge of students’ learning with respect to

students’ learning difficulties and learning styles.

Holistically, Julie faced the difficulty in transferring PCK for teaching force

and motion learned from the PCK-based Physics Methods Course to other physics

topics in teaching practice, especially the topics which she had poor understanding

about or negative attitudes toward them. When teaching the topics that she had poor

understanding about or negative attitudes toward them, Julie lacked confidence in

teaching and faced problems concerning how to explain concepts, raise examples and

select appropriate teaching materials to make students understand. She, therefore,

strongly relied on reciting-recalling-remembering content for teaching those topics.

Up to this, for Julie, strong content knowledge appeared as a prerequisite for

developing and implementing PCK.

Throughout teaching practice, Julie gradually developed and implemented

topic-specific PCK for teaching the topics of fluid, heat and wave. Her development

and implementation of PCK were continually developed through the process of “teach

and re-teach”: (a) planning a lesson; (b) teaching and solving problems; (c) reflecting

and evaluating teaching; and (d) improving for the subsequent teaching, which is

similar to the Plan-Do-Check-Action (PDCA) process. There were several factors

influencing Julie’s development and implementation of PCK during teaching practice,

that is, teaching experience, personal constructs, prior knowledge and experience

concerning physics teaching and learning, the cooperating teacher, students and

supports from a school and a university. In particular to the cooperating teacher,

Cooperating Teacher A took a great effort in training and helping Julie developing

and implementing her PCK in her classrooms throughout teaching practice by

noticing her weaknesses and strengths of teaching and giving useful suggestions for

further improvements of her teaching. On the contrary, University Supervisor A rarely

supervised and helped Julie developing her PCK during teaching practice in School
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A. This was a reason why Julie did not mention the university supervisor as one of

factors influencing her development and implementation of PCK during teaching

practice.

The case of Mark

1. Mark’s development and implementation of PCK in teaching practice

Mark had performed teaching practice in School A within the supervisions of

Cooperating Teacher B and University Supervisor A. He was officially assigned from

the school to teach one physics subject, namely, Compulsory Physics, for two grade

10 science classes, which each class takes four periods per week. So, his total

teaching workload was eight periods per week. Additionally, he must work in the

Academic Department as a required, extra job.

During teaching practice, Mark had planned four instructional units that can be

shown as Table 6.2.

Table 6.2  Mark’s Instructional Units during Teaching Practice

Instructional unit Lesson plan
Introduction to physics • Introduction to physics

• Physical quantity
• Errors in measurement and significant figure
• Data interpretation

One-dimensional and
two-dimensional

motion

• Position, distance and displacement
• Speed and velocity
• Acceleration
• Relationships between velocity-time (v-t) and

displacement-time (s-t)
• Application of equations of motion
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Table 6.2  (Continued)

Instructional unit Lesson plan
Mass, force and
Newton’s laws of

motion

• Force
• Newton’s first law of motion
• Newton’s second law of motion
• Newton’s third law of motion
• Weight
• Newton’s law of mass-mutual force
• Center of mass and gravity
• Friction force
• Application of Newton’s laws of motion

Types of motion • Projectile motion
• Circular motion
• Simple harmonic motion

1.1 Mark’s integration of knowledge components of PCK into lesson plans

Mark had created 21 lesson plans for covering four topics: introduction to

physics; one-dimensional and two-dimensional motion; mass, force and Newton’s

laws of motion; and types of motion. The summary of teaching and learning

mentioned in each lesson plan can be summarized as Appendix Table C3.

In Mark’s lesson plans, the sequence of all contents intended to teach was

totally corresponded with the national science curriculum and the grade 10 physics

textbook. His lesson plans consisted of all essential components from the teaching

objective to assessment and evaluation. However, noticeably, the details of teacher’s

questions, students’ expected answers and learning activities were not provided.

Similar to Julie, when considering in the holistic view, Mark’s orientation

toward teaching physics was the “academic rigor” (Lantz and Kass, 1987 cited in

Magnusson et al., 1999: 101) emphasizing student verification of scientific knowledge

through hands-on activities.
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Mark mentioned explicitly about the overall purpose of each instructional

unit and its relationship with the learning standard mentioned in the national science

curriculum. He strongly emphasized students’ cognitive development such as “being

able to know, tell, explain, specify, recognize and conclude targeted science

concepts.” In addition, he, sometimes, emphasized students’ ability to apply acquired

knowledge in solving related problems and exercises. In Mark’s lesson plans,

although the student development of affective aspect, science process skills and

cooperative learning was not explicitly mentioned, he mentioned the use of

demonstrations, hands-on, group activities and experiments that have the potential to

develop students’ affective domain.

In the introduction stage, it seemed that Mark paid little attention to

students’ prior learning because he rarely mentioned the review of student prior

knowledge and experiences (only two lesson plans mentioned about the review of

students’ prior learning). Noticeably, more than half of learning activities planned to

use in this stage were teacher-driven. That is, the teacher asks questions and raises

situations or phenomena related to targeted concepts; students are requested to explain

the targeted scientific terms in their views (e.g., What’s acceleration?) or to discuss

about the raised phenomena (e.g., please discuss what happen with objects moving

with constant velocity and acceleration).

One-third of learning activities, which Mark planned to employ in the

teaching stage, was requiring students to do experiments normally indicated in the

physics textbook and to discuss their results. Students were also given opportunities to

observe demonstrations and to do group activities followed by the whole class

discussion. Although, Mark emphasized the use of hands-on activities in the teaching

stage, most of them, especially experiments, were similar to those appeared in the

textbook. There were a few learning activities created from his creativity. In addition,

there were four lesson plans Mark still emphasized the use of lecture format (i.e., the

teacher explains targeted concepts), though hands-on activities may be used instead.

Noticeably, Mark had applied several activities and worksheets from the PCK-based

Physics Methods Course (e.g., the demonstration of dropping clays from different
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heights and experiment of action-reaction) in teaching the topic of mass, force and

Newton’s laws of motion.

The use of various teaching materials normally appeared in the physics

textbook were often mentioned in the lesson plans that emphasize the use of

experiments, demonstrations and group-work activities in teaching. Also,

transparencies combining with an overhead projector were often referred as a

supplementary for several purposes of teaching such as presenting the results of

experiment or jotting down the teacher’s and students’ questions, answers and

conclusions.

“The teacher and students concluding the lesson together” was heavily

emphasized in the conclusion stage of Mark’s lesson plans. However, there still were

four lesson plans emphasizing only the teacher concluding the lesson and two lesson

plans emphasizing students’ discussion of targeted concepts followed by the teacher’s

conclusion.

Mark explicitly and clearly mentioned the aspects of assessment (i.e.,

students’ experiment reports, end-of-chapter tests, exercises, worksheets, exhibition

boards, development of affective domain and mid-term and final examination) and

criteria for grading. In every lesson plan, although Mark did not explicitly mention the

student development affective domain and science process skills in teaching

objectives, he emphasized the use of formative assessment methods (i.e., observing

student participation, answers, opinions and discussion, and checking student results

of experiment, exercises and worksheets) that can be used to assess those aspects.

This represented a weak linkage between teaching objectives emphasized and

assessment methods used.

In summary, for Mark, the integration of all knowledge components of

PCK – orientation toward teaching and knowledge of curriculum, students’ learning,

instructional strategies and assessment – into his lesson plans was accomplished to

some degree because there still were some weak points related to those components as
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discussed earlier. Noticeably, his academic rigor orientation toward teaching had

influenced the decision-makings about what teaching objectives, learning activities

and assessment should be employed.

1.2 Mark’s integration of knowledge components of PCK into real 

practice

Beyond integrating all knowledge components of PCK into lesson plans,

integrating and implementing PCK into classroom practice was really important.

Therefore, the researcher had observed Mark’s teaching of five lessons and also

interviewed him after teaching. The sequences, strengths and weaknesses of Mark’s

teaching can be summarized as Appendix Table C4.

Mark’s development of each knowledge component of PCK—orientation

toward teaching and knowledge of curriculum, students’ learning, instructional

strategies and assessment—can be presented as the following.

1.2.1 Orientation toward teaching physics

Throughout teaching practice, the “academic rigor” orientation

was insisted and heavily emphasized in Mark’s teaching. The main teaching sequence

influenced by this orientation was “the teacher explaining experiment procedure, then

students being required to do the experiment and conclude its results, and finish

related exercises and worksheets.”

1.2.2 Knowledge of teaching objective

Even though the student development of science process skills

and cooperative learning were rarely emphasized in Mark’s lesson plans, both aspects

were constantly and explicitly emphasized in his teaching practice. For example, in

the interviews after teaching he stated that: “I want students to be able to use
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experiment materials skillfully” and “I want students to be able to work cooperatively

in groups.”

1.2.3. Knowledge of curricular materials

Mark utilized a physics textbook as a primary source of learning

activities (e.g., experiments and demonstrations) conducted in the classrooms and

sequenced all contents taught according to the national science curriculum. Mark was

not only able to use experiment materials skillfully, but he also realized the

importance of using various teaching materials in teaching. For example, in teaching

the topic of velocity, Mark stated that:

When only examples and exercises were used, students may not thoroughly

understand concepts of velocity. However, when students did experiment and

used experiment materials, they really perceived what velocity is. They would

understand and be able to apply knowledge to explain everyday phenomena

more than just getting content. (Interview of Mark 7/06/2005)

In addition, Mark could adjust or adapt some teaching materials being more

appropriate for teaching specific topics. For example, in the experiment of

acceleration, he decided to tie paper with clay instead of a sandbag because “the

sandbag gave too long interval of periods over the length of paper and we must use a

glue-stick to attach it with a ticker-timer that took time.”

1.2.4 Knowledge of students’ learning

From classroom observations, there were only two lessons that

Mark had reviewed students’ existing knowledge at the beginning of the lesson. In

addition, students were not required to present the results of experiment to the whole

class and discuss their results together. In this case, students, even in the same group,

also concluded the results of experiment individually. Up to this, Mark stated that he

tried to pay attention to individual thinking.
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Interviewer: From my observation, students did the experiment in group, but

they concluded the results individually, why?

Mark: Because, although they did the same experiment, they may not

conclude the results in the same way. I want to know ideas of

individuals … If I found someone, who had different ideas, I would talk

with them until they reach the same understanding … If they conclude

the results together, someone in group may not understand as others.

But, if individuals concludes the results separately, they will remember

longer. (Interview of Mark 9/08/2005)

This showed Mark’s view of cooperative learning that did not emphasize the

discussion and consensus of scientific community.

With respect to student learning difficulties, Mark noticed only

the learning difficulties that he also had. For example:

Interviewer: In your opinion, what concept in the topic of one-dimensional

motion that is difficult for students to learn?

Mark: Speed and velocity.

Interviewer: Why?

Mark: It’s hard to explain. My content is weak and those concepts are very

similar to each other. For example, instantaneous and average velocities

are so similar, but they’re not the same. These ideas are difficult for me

and, maybe, for students also. (Interview of Mark 31/05/2005)

From long-term interactions with students, at the end of teaching

practice, Mark reflected more understanding about students’ feelings, such as “I

derived experiences with students in various learning activities. I knew their situations

and understood them. Students, sometimes, did not pay attention to learning, but I

understood them.”
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1.2.5 Knowledge of subject-specific instructional strategies

In teaching practice, Mark strongly emphasized “students

asking, answering, explaining and doing experiments and exercises” that is similar to

the cookbook strategy. The experiments conducted, and teaching materials used, were

similar to those situated in a physics textbook. There was a lack of activity that Mark

had created from his creativity. In addition, in some topics he still emphasized the

lecture format requiring less student thinking such as in the topic of introduction to

physics. As Cooperating Teacher B stated:

Mark’s teaching was rather lecture-driven, though there were activities,

worksheets and exercises for students to do. I think he should not explain too

much, but should let students think and emphasize situations that encourage

students to think. (Interview of Cooperating Teacher B 9/08/2005)

In the literature, teaching practice is a place for preservice

teachers to try out their theory or philosophy of teaching. In case of Mark, he had tried

out two teaching sequences: (a) a teacher introducing contents and formula followed

by students doing experiment and concluding results; and (b) students doing

experiment followed by the teacher and students concluding contents and formula,

and observed their effects on student learning. Up to this, in the later interview, Mark

stated that the second teaching sequence gave him more appreciate results: “For grade

10/2 class, when I explained contents followed by students doing experiment, students

did not understand. For grade 10/1 class, students doing experiment followed by

explaining contents, they understood contents quicker” (Interview of Mark

21/06/2005).

In addition, Mark stated that teaching techniques are teacher

individual differences. In this case, Mark considered content intended to teach first

after that he considered what teaching materials should be used to suit that content.
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1.2.6 Knowledge of topic-specific instructional strategies

From experiences in conducting various learning activities,

especially experiments, throughout teaching practice, Mark reflected that he had

learned about the process, materials, results and errors related to those activities used

with specific topics taught. For example, in teaching the topic of acceleration of free

fall, he compared between two kinds of arranging materials for experiments.

Comparing between distributing experiment materials to every group and

setting two sets of materials in front of the class, I think the first one is good

because I could check whether students did experiment correct or not.

Anyway, in the case of second one, I could carefully and thoroughly check

students while they’ve been working. Both modes have different advantages.

(Interview of Mark 21/06/2005)

He additionally recognized two main causes of errors in doing the experiment of

acceleration of free fall: “The first cause came from a ticker-timer used; it should be

lied vertically instead. The second one came from mass used.”

Noticeably, in teaching some topics related to force and motion,

Mark applied learning activities and teaching materials from the period of PCK

modeling in the PCK-based Physics Methods Course such as dropping clays from

different heights and the experiment of Newton’s first law.

In addition, Mark was aware of weaknesses of his teaching and

proposed ways to improve the subsequent teaching. For instance, in case of the

introduction stage of the topic of one-dimensional motion, he suggested that: “I

should add one more activity related to motion in order to make students feel or

perceive motion of objects. Only explaining what motion was very abstract.” This

expressed that Mark was more aware about using activities in the introduction stage.
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1.2.7 Knowledge of assessment

Even though in the teaching objectives of lesson plans Mark

rarely mentioned the student development of science process skills and cooperative

learning, in teaching practice he continuously emphasized those aspects and the use of

formative assessment methods as quote:

I assessed students’ learning outcomes from their exercises after finished each

experiment. I also observed whether they work cooperatively while doing

experiments. I found that, for example, some boys did not pay attention to

leaning, they’re just waiting for copying results from their peers. (Interview of

Mark 7/06/2005)

1.2.8 Other aspects

Beyond the development of knowledge components of PCK as

discussed earlier, Mark had developed more understanding about physics content,

confidence in teaching and positive attitude toward physics teaching.

Mark reflected that he understood more about physics contents

he taught. However, sometimes, he still concerned about what teaching strategies

should be used with content taught or using PCK in teaching specific content.

For me, I think I understood physics contents more because I had read lots of

physics textbooks. This is because I was fear that whether I teach correct

concepts or not. However, I still concerned about how to transfer contents to

students. (Interview of Mark 31/05/2005)

Beyond the physics textbook, for Mark, the another source of

content knowledge was his cooperating teacher.
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When I had to teach students in teaching practice I must review lots of topics.

I had read again and again until I felt confident to talk with students. If I did

not understand some topics I would ask my cooperating teacher. (Interview of

Mark 6/09/2005)

However, in some topics, Mark mentioned about his weak understanding from his

inability to answer students’ questions. For example, “I must try to understand more

about velocity because some students asked me and I could not answer them. This

topic is too broad” (Interview of Mark 7/06/2005).

From one-semester experience in teaching practice, Mark

reflected that he felt more confident in teaching.

Comparing with learning in the physics methods course, at the time of micro-

teaching I was fear and very excited. But, now I was fine. I was more

confident to speak in front of the classes and talked with students. (Interview

of Mark 6/09/2005)

He was also proud of being a physics teacher giving knowledge to students and tried

to accomplish his duty.

2. The roles of Cooperating Teacher B and University Supervisor A in helping

Mark develop PCK

Cooperating Teacher B often observed Mark’s classrooms and supervised his

teaching. Up to this, his main advice was related to the teaching materials used, but he

emphasized decreasing time in writing information on the blackboard rather than

enhancing student understanding.
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I often suggested Mark about the teaching materials because at the initial he

often used a few teaching materials. Therefore, I suggested him to use a chart,

poster or picture to save time in writing things on the blackboard. (Interview

of Cooperating Teacher B 9/08/2005)

The another advice was related to the use of a variety of teaching methods to attract

student interest in learning.

I think Mark is similar to other novice teachers, so a variety of teaching

methods were not used … He still used the same pattern of teaching—

explaining experiment and requiring students doing experiment—that was not

well attract student interest. (Interview of Cooperating Teacher B 9/08/2005)

Before teaching, Mark and Cooperating Teacher B often discussed about contents

intended to teach, but not the teaching methods planned to use. In other words,

teaching by using PCK was not the issue of their discussion.

Mark usually asked me to see his short notes of contents intended to teach. His

notes contain targeted concept intended to teach and examples and exercises

planned to be used. But, he did not talk with me about what concepts should

be taught in what manner. I think he may be able to do by himself. (Interview

of Cooperating Teacher B 9/08/2005)

When Mark did not understand some concepts, Cooperating Teacher B helped him by

suggesting textbooks to read and study. In this case, Cooperating Teacher B strongly

emphasized strong content knowledge for teachers that related to the respect from

students.
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Like other novices, when Mark faced some difficult problems and could not

solve them, the respect from students may be slightly decreased. Content is

very important in physics teaching. (Interview of Cooperating Teacher B

9/08/2005)

While Cooperating Teacher B supervised Mark’s teaching continuously,

University Supervisor A had visited and observed Mark’s classroom at School A only

once. In this case, he commented Mark’s teaching only about the safety rule in

experiment concerning the use of electric devices. Specific aspects of Mark’s teaching

including physics content, learning activities, teaching materials and assessment

methods were not mentioned. This was the reason why Mark stated the problem

concerning a lack of linkage or cooperation between the university and the school and

the role of the university supervisor.

I want continuous supervisions from the university supervisor. He went to see

me only once. I want him to visit me continuously because he should know

my situation and development. Even though I realized that I had improved and

was confident in teaching, I was maybe bias. I want others observe and tell me

what aspects I should improve and how good I taught. I don’t want to walk in

the wrong way. (Interview of Mark 6/09/2005)

3. Factors influencing Mark’s development and implementation of PCK in

teaching practice

There were four factors influencing Mark’s development and implementation

of PCK during teaching practice, that is , intention to be a future physics teacher, the

school context, the cooperation from students and the cooperating teacher.

First, Mark mentioned that, for him, sustaining intention to be a future physics

teacher was essential for his improvement of teaching.
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Intention is essential for a future teacher. When I was serious, I slept and

talked with myself, “I did the best.” When comparing with the beginning, now

I was better. I am sustaining my intention to be a future physics teacher all the

time. I must be dare and have confidence. (Interview of Mark 6/09/2005)

The second factor was the school context. In case of school A, Mark stated

that “the school in one of factors influencing the success of preservice physics

teacher’s teaching practice. At here, the school [A] is OK. I like it.”

Third, Mark’s development and implementation of PCK was influenced by the

cooperation from students.

If students did not give cooperation, teaching would not succeed. In my class,

students paid strong attention to learning. They may, sometimes, play with

others; however, they’re children. It’s not serious problem. (Interview of Mark

6/09/2005)

Finally, the cooperating teacher was one important factor influencing Mark’s

success in teaching practice by enhancing intention to be a future physics teacher and

giving continuous feedbacks.

The cooperating teacher had influenced my success of teaching. He

continuously monitored my teaching. He knew my problems and helped me

solve them. I consulted both Cooperating Teacher A and B. I think the

cooperating teacher should promote the preservice physics teachers’ intention

to be a future teacher and give advice continuously. (Interview of Mark

6/09/2005)
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4. Summary of Mark’s development and implementation of PCK during

teaching practice

In the lesson plans being written before teaching practice, Mark sequenced all

contents intended to teach according to the physics textbook and National Science

Curriculum Standards. His emphasis of teaching was placed on the student

development of cognitive aspect and ability to apply acquired knowledge in solving

related problems, but neglected the student development of affective aspect, science

process skills and cooperative learning. Also, Mark rarely mentioned the review of

student prior knowledge and experiences at the beginning of the lesson. Based on the

academic rigor orientation (Lantz and Kass, 1987 cited in Magnusson et al., 1999:

101), he emphasized the use of various hands-on, group activities and experiments,

and teaching materials that most of them were similar to those appeared in the physics

textbook. However, in some lesson plans, Mark still emphasized the lecture foramt,

though constructivist learning activities could be used instead. In the conclusion stage,

Mark emphasized the teacher and students concluding the lesson together.

Holistically, the integration of all knowledge components of PCK—orientation

toward teaching and knowledge of curriculum, students’ learning, instructional

strategies and assessment—into Mark’s lesson plans was accomplished to some

degree because there still were some weaknesses related to those components.

Due to lots of special school activities, Mark had lesser time to conduct

teaching and learning processes that was one of constraints for his teaching practice.

In similar to Julie, another big constraint for Mark was the coverage of all contents

required to teach within one semester of teaching practice.

Although there were many weak points in teaching practice, Mark could

develop more understanding about each knowledge component of PCK (i.e.,

orientation toward teaching and knowledge of curriculum, instructional strategies,

students’ learning and assessment). Additionally, he could show his integration of all

knowledge components of PCK into classroom practice within the “academic rigor”

orientation by emphasizing students doing cookbook experiments in order to verify
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science concepts as situated in the national science curriculum. He also used various

formative assessment methods to assess student learning outcomes. Explicitly, Mark

related knowledge of content with knowledge of instructional strategies that is the

important characteristics of PCK. However, he still was appreciate to use lecture in

teaching abstract or difficult concepts.

Teaching methods used depend on the content intended to teach. For example,

in teaching the topic of motion, I have set experiments every period. In the

chapter of introduction to physics, there was no experiment. Lecture is

normally used. (Interview of Mark 6/09/2005) (italics added)

During teaching practice, Cooperating Teacher B often observed Mark’s

classrooms and supervised his teaching. The main advice was related to the teaching

materials and teaching methods used. Up to this, Mark often discussed about contents

intended to teach, excluding the teaching methods, with Cooperating Teacher B.

While Cooperating Teacher B supervised Mark’s teaching continuously, University

Supervisor A had visited Mark’s classroom only once and commented only about the

safety rule in doing the experiment. Physics content, learning activities, teaching

materials and assessment methods were not mentioned in University Supervisor A’s

feedback. There were four factors in teaching practice potentially influenced on

Mark’s development and implementation of PCK—intention to be a future physics

teacher, the school context, the cooperation from students and the cooperating teacher.

Holistically, throughout teaching practice, Mark continually and progressively

developed and implemented topic-specific PCK for teaching the topics of introduction

to physics; one- and two-dimensional motion; mass, force and Newton’s laws; and

types of motion.
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The case of Cathy

1. Cathy’s development and implementation of PCK in teaching practice

Cathy had performed teaching practice in School B within the supervisions of

Cooperating Teacher D and University Supervisor B. She was officially assigned

from the school to teach two science subjects, i.e., Physical Science and Elective

Physics. The Physical Science Course, which takes three periods per week, was taught

for three classes of grade 12 non-science students. The Elective Physics Course,

which takes one period per week, was taught for three classes (one class of grade 11

science students and two classes of grade 11 non-science students). Therefore, her

teaching workload was 12 periods per week. She additionally was assigned to work in

one of departments in School B as a required extra job.

Before starting teaching practice, Cathy had planned three instructional units

of motion, force field and wave in the Elective Physics course. These instructional

units contain 12 lesson plans that can be shown as Table 6.3.

Table 6.3  Cathy’s Instructional Units during Teaching Practice

Instructional unit Lesson plan
1. Motion 1.1 Motion in straight line

1.2 Projectile motion
1.3 Circular motion
1.4 Simple harmonic motion (SHM)

2. Force field 2.1 Magnetic field
2.2 Electric field
2.3 Gravitational field

3. Wave 3.1 Mechanical wave
3.2 Components of wave
3.3 Properties of wave
3.4 Sound and hearing
3.5 Electromagnetic wave
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1.1. Cathy’s integration of knowledge components of PCK into lesson

plans

Cathy had created 12 lesson plans for teaching the topics of motion, force

field and wave. The summary of teaching and learning mentioned in each lesson plan

can be summarized as Appendix Table C5.

The sequence of contents intended to teach in Cathy’s lesson plans was

corresponded with the national science curriculum and the grade 11 physics textbook.

Lesson plans consist of all essential components from the teaching objective to

assessment and evaluation. However, some of teacher’s questions, students’ expected

answers and learning activities were not provided in detail.

In similar to Julie and Mark, when considering in the holistic view,

Cathy’s orientation toward teaching physics was corresponded with the “academic

rigor” orientation termed by Lantz and Kass (1987 cited in Magnusson et al., 1999:

101). In teaching objectives, Cathy heavily emphasized students learning in four main

aspects: (a) ability to explain targeted scientific concepts; (b) skills of conducting

investigations (e.g., experiments) to understand targeted scientific concepts; (c) ability

to apply acquired knowledge in explaining natural phenomena and everyday

situations; and (d) cooperative learning.

Cathy paid strong attention to student prior knowledge and experience

because she had mentioned the review of student prior learning in almost all of lesson

plans. Also, she strongly emphasized student participation in learning—students are

encouraged to raise examples, give answers, predict-observe-explain phenomena, do

group activities and discuss. In this case, the teacher-centered activity was rarely

mentioned.

Experiments, group activities and demonstrations were three main

learning activities that Cathy planned to employ in the teaching stage. These activities

have the potential to encourage students’ first-hand experience and most participation.
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In this case, students doing experiments was heavily emphasized, thus, the main

teaching sequence was “students being requested to do the experiment, present and

discuss the results to the class, and apply acquired knowledge in accomplishing

related exercises.” However, almost all of learning activities mentioned, especially

experiments, were similar to those appeared in the IPST physics textbook. There were

a few learning activities that Cathy had created from her creativity.

Various teaching materials, especially laboratory materials (e.g., an

experiment car, a ticker-timer and a wave spring), in similar to those appeared in the

physics textbook, were mentioned in detail in Cathy’s lesson plans. Up to this, the

main teaching materials were the physics textbook, notes, worksheets and exercises.

In the conclusion stage, Cathy strongly emphasized “the teacher and

students concluding the lesson together.”  In addition, she explicitly mentioned about

the aspects of assessment (i.e., worksheets, assignments, test, portfolio, the

development of desirable characteristics and final examination) and grading according

to those aspects. In every lesson plan, Cathy emphasized the use of formative

assessment methods as a primary method to asses student learning outcomes, for

example, observing student participation, questioning-answering, discussion and

express of moral, and checking students’ exercises and worksheets.

In summary, all created lesson plans showed that Cathy was be able to

integrate all knowledge components of PCK (i.e., orientation toward teaching and

knowledge of curriculum, students’ learning, instructional strategies and assessment).

According to “academic rigor” orientation, Cathy strongly emphasized students doing

investigations in order to understand and verify scientific concepts. Her major goal of

teaching and learning were encouraging students: to be able to explain targeted

scientific concepts and apply them in real life situations; to develop science process

skills; and to work cooperatively with others. In doing so, students are required to

participate in, or have first-hand experience from, various hands-on, group activities

and teaching materials. Also, a variety of assessment methods, especially formative

ones, were used in order to check whether or not students had learned as mentioned in
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teaching objectives. One weak point noticed in Cathy’s lesson plans was a lack of

learning activities, which were created from her creativity.

1.2 Cathy’s integration of knowledge components of PCK into real

practice

To study how and to what extent Cathy developed and implemented PCK

into classroom practice, the researcher had visited and observed six lessons of Cathy’s

teaching for grade 11 non-science students in the Elective Physics Course and

interviewed her after finishing teaching. The sequences, strengths and weaknesses of

her teaching can be summarized as Appendix Table C6.

Cathy’s development of each knowledge component of PCK (i.e.,

orientation toward teaching and knowledge of curriculum, students’ learning,

instructional strategies and assessment) and other aspects can be presented as the

following.

1.2.1 Orientation toward teaching physics

During teaching practice, Cathy strongly emphasized the

“didactic” orientation (Magnusson et al., 1999) rather than the “academic rigor”

orientation, which she repeatedly mentioned in her lesson plans. The didactic

orientation emphasizes the transmission mode of teaching and learning like lecture—

the teacher presenting information and asking questions; students being required to

remember information, answer questions and discuss in order to understand targeted

scientific concepts. Her main teaching sequence influenced by this orientation was

“the teacher presenting transparencies, explaining targeted concepts and asking

questions; students writing key concepts, answering questions and doing exercises.”

The characteristics or nature of students taught was a major factor in teaching practice

that strongly influenced Cathy to change her orientation toward teaching from the

“academic rigor” to the “didactic” orientation.
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1.2.2 Knowledge of teaching objective

Although Cathy strongly emphasized students’ development of

knowledge, skills, attitudes and cooperative learning in her lesson plans, in real

practice she emphasized only students’ abilities to explain targeted concepts and

apply them in real life situations and do exercises correctly. The student development

of skills, attitudes and cooperative learning within group interactions was neglected.

Up to this, Cathy clarified that because the non-science students taught had weak

basic knowledge of science, so she did not expect them to learn in-depth content as

science students.

1.2.3 Knowledge of curricular materials

Although Cathy realized the importance of using a variety of teaching

materials in teaching, based on the didactic orientation, Cathy employed the teacher’s

transparencies and notes as her major teaching materials. In this case, students were

familiar with reading notes or writing information in transparencies into their

notebooks and answering the teacher’s questions. Anyway, oftentimes, they

complained about writing too much information from transparencies into their

notebooks. Cathy, therefore, tried to use other teaching materials such as pictures and

charts. However, the effect from using such materials was unsatisfied because they

could not raise student interest in learning.

I tried out using charts and students told me that they did not understand at all.

It’s waste of time. I told them that it’s knowledge for them ... In teaching

circular motion, I showed them pictures of circular motion. They did not pay

attention to those pictures and told me that they did not understand, don’t use

those pictures again. (Interview of Cathy 27/07/2005)

Beyond transparencies, the teacher’s notes distributes to students to read and study

appeared as one kind of teaching materials that seemed workable for Cathy’s students.
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1.2.4 Knowledge of students’ learning

The strength of Cathy’s teaching was reviewing the student prior

knowledge and experience at the beginning of almost all of lessons. This showed that

she was aware of the importance of student prior learning, which has the potential to

influence student learning. The review of student prior learning revealed that the non-

science students she taught did not have enough basic scientific knowledge that is

essential for learning content required to learn. Cathy’s students, therefore, faced the

problem in learning content and, subsequently, paid little attention in learning. In

addition, she recognized some prerequisite concepts that students must have prior

learning, for example, the concept of gravitational force was considered from Cathy

as essential for learning the concept of projectile motion.

Cathy was aware of the importance of knowing students’

backgrounds and abilities, and individual differences. Consequently, she tried to adapt

the teaching and learning to suit backgrounds and abilities of students in each class.

This showed one important aspect of her PCK. For example, for science students,

Cathy placed strong emphases on enhancing student in-depth understanding of

content and theories, and abilities to solve difficult problems necessary for the

entrance examination. On the contrary, for non-science students, she emphasized only

their understanding of simple concepts and ability to apply knowledge in daily lives.

With respect to students’ learning difficulties, Cathy expected

various difficulties in learning the topics of motion in straight line, projectile motion,

magnetic field, wave and radiation, and nuclear power that were primarily arisen from

the difficulty and abstraction of those topics. For example, she stated that:
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I think the topic of magnetic field is difficult for students. It’s difficult for me

too. We cannot touch magnetic field. It’s abstract, cannot be seen with our

eyes. We know it exists, but it’s invisible. So, I tried to raise the simple

example with which students were familiar in their everyday lives such as the

magnetic field in the television. (Interview of Cathy 27/07/2005)

1.2.5 Knowledge of subject-specific instructional strategies

Cathy stated that almost all of non-science students paid little

attention in learning physics because they did not value the physics subject—physics

is not a requirement subject for their future entrance examination. Accordingly,

during teaching practice, the motivation of students’ interest and attention in learning

was appeared as a first priority for Cathy instead of students’ understanding. To

motivate student interest and attention, she tried to raise various everyday-life

examples and situations with which students are familiar. In addition, Cathy adjusted

the degree of difficulty of content taught and teaching methods employed to suit non-

science students’ backgrounds and abilities. This showed one of important aspects of

her PCK.

Content taught must not be too intensive. I must teach simple concepts which

students can see and touch. They did not understand things far from their

experiences. I teach things that they are familiar with and exist in their lives.

(Interview of Cathy 27/07/2005)

Although Cathy repeatedly stated the use of student-centered activities

in her lesson plans, they were rarely utilized in real practice. The main reason she

gave was that students taught have weak basic knowledge of science.

I did not strongly emphasize student-centered activities, but tried to encourage

the student argument and participation. I did not let students being the center

of learning because they have not enough knowledge. (Interview of Cathy

6/06/2005)
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Cathy strongly emphasized the transmission mode of teaching and learning, i.e., the

teacher lectures with transparencies; students listen to the teacher and jot down key

concepts into their notebooks. This teaching technique was not effective because

students did not pay attention to the teacher, but to writing information appeared in

transparencies only. They also stated that they did not want to write too much

information. Up to this, Cathy compromised with her students by requiring them to

write just only important ideas.

I explained according to what appeared on transparencies. If students think

that they can remember it, they don’t have to write on their notebooks. In

contrast, if they think they might forget it, they write it. I don’t want to force

them write because, if they write but do not read it, it’s waste of time.

(Interview of Cathy 23/08/2005)

From this situation, Cathy subsequently adjusted her teaching sequence

into: “students studying the teacher’s notes and, then, the teacher explaining key

concepts situated in those notes.” She also emphasized students doing exercises that

linked with students’ daily lives in order to help them think about how to apply

acquired knowledge to explain their everyday-life situations.

Although Cathy relied heavily on the lecture format based on the

didactic orientation, she mentioned several advantages of few hands-on activities she

employed.

Students like the hands-on activity [using a wave spring to represent

transverse and longitudinal waves]. They were active, observed and answered.

This activity made students being a good observer and happy in learning. (8th

week journal)

She additionally stated that the use of teaching techniques is teachers’ individual

differences.
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Teachers have different teaching techniques. It does not matter what good or

bad teaching is. It depends on to some extent that the teaching technique helps

students pay attention, understand and apply knowledge. (Interview of Cathy

23/08/2005)

1.2.6 Knowledge of topic-specific instructional strategies

From experiences derived during teaching practice, Cathy developed

more understanding about specific examples, demonstrations, analogy and teaching

methods. That is, she learned how to: (a) raise examples linked to students’

experiences; (b) demonstrate projectile motion to attract students’ attention; (c) create

the “maggot” analogy representing transverse wave; and (d) adjust a method for

teaching projectile motion by using pictures incorporating with the teacher’s

explanation. Specifically, Cathy was aware of the degree of difficulty and effects of

examples raised. In the case of teaching motion in straight line, she was aware that

she raised too difficult examples, which did not link with students’ experiences, that

made students confuse and bored. She also realized that examples should be raised

from simple to complex.

1.2.7 Knowledge of assessment

Cathy constantly emphasized students’ abilities to explain and apply

targeted scientific concepts and use mathematics to solve related problems and

exercises. Up to this, she stated the use of formative assessment methods (e.g.,

classroom observation and examining students’ exercises and worksheets) as a

primary method to assess student learning outcomes.

1.2.8 Other aspects

From experiences in classrooms, Cathy developed more confidence in

teaching and positive attitudes toward physics teaching and learning, though she



228

reflected that, at the beginning of teaching practice, she was discouraged from

students’ misbehaviors.

 

At the initial, there were lots of problems. I was discouraged and bored. I

didn’t want to teach and to be a physics teacher. But I cannot avoid it. Now, I

feel better. (Interview of Cathy 30/08/2005)

Students had more fun because they had opportunities to express ideas and

learn by themselves. They had fun in working in group. I started to have more

positive attitudes toward students and my teaching career. (5th week journal)

Therefore, better learning outcomes and desirable behaviors of students were the main

cause of Cathy’s positive attitudes toward teaching and learning as well as pride of

being a physics teacher.

I am very happy in teaching the students, who did not understand and want to

learn and pay attention to learning, to learn more. Even though they could not

answer some questions, they tried to answer and ask questions about thing

they didn’t understand. I am very proud of that. (10th week journal)

2. The roles of Cooperating Teacher D and University Supervisor B in helping

Cathy develop PCK

The most important aspect that Cooperating Teacher D emphasized in his

supervision of Cathy’s teaching was intention to be a future physics teacher. Two

subsequent aspects were abilities to adapt with classrooms and students, and to make

students happy in learning and feel confidence in the teacher.

I want Cathy develop her intention of working as a physics teacher … I also

tried to help Cathy know classrooms, content representations, how to make

students happy, work, believe in her as their God, listen to her and perceive

her as an important person. (Interview of Cooperating Teacher D 26/07/2005)
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Cooperating Teacher D also stated that he did not directly observe Cathy’s

teaching in her classrooms; the method he normally used was passing her classrooms,

glancing what she did and listening what she said. He sometimes discussed with

Cathy about content taught, learning activities and teaching materials employed,

classroom management and confidence in teaching. He reflected that Cathy was

initially nervous when standing in front of the class and teaching; but she gradually

improved in many aspects throughout teaching practice. The most important aspect

was that she could stay in the classrooms, which consisted of many weak basic

knowledge, naughty, misbehaved students, and teach with patience and love.

Cathy can stay in her classrooms. I accepted that students [in School B] are

naughty. I also accepted that Cathy is patient and loves to be a physics teacher.

These are her strengths. I usually promote her intention to be a future physics

teacher. I think that if she has intention, her brain will be bright and her

teaching will be better. I think that in the near future she will be a professional,

only if we give her opportunities. (Interview of Cooperating Teacher D

26/07/2005)

The weak points of Cathy’s teaching, in Cooperating Teacher D’s view, were a lack

of confidence in content knowledge and teaching, teaching superficial concepts and

classroom control. Anyway, he mentioned that, time and intention to be a physics

teacher were needed for further improvement of teaching.

Like other preservice teachers, Cathy has the problem of confidence in content

and being nervous. Anyway, it takes a period of time for improving these.

Most importantly, intention to accomplish duties of teacher is needed. I think

that she can be improved. (Interview of Cooperating Teacher D 26/07/2005)

Cathy taught physics concepts superficially. She did not link them with

students’ everyday situations … She also faced the problem of classroom

control that impeded her effective teaching. (Interview of Cooperating Teacher

D 6/09/2005)
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The aspect that Cooperating Teacher D rarely mentioned in his supervision of

Cathy’s teaching was the teaching strategies employed because he stated that this is

the responsibility of the university. This shows that Cooperating Teacher D did not

thoroughly understand his roles as a cooperating teacher. In addition, for him, the

suggestions for Cathy’s teaching were seen as something interfering rather than

improving her teaching.

If the cooperating teacher tells preservice teachers that: “You should add

something more.” It’s not appropriate. It seems that the cooperating teacher

interfere preservice teachers’ teaching. I think that this is the duty of

preservice teachers to make their own decisions. (Interview of Cooperating

Teacher D 6/09/2005)

Cooperating Teacher D mentioned several factors influencing preservice

teachers’ success in teaching practice: teaching experiences; abilities to control

students; knowledge of content and instructional strategies; and confidence in

teaching. He additionally mentioned that preservice teachers should be able to use a

variety of teaching strategies to suit students’ characteristics and backgrounds, which

is an important characteristics of PCK.

Finally, Cooperating teacher D proposed several useful suggestions for the

university and the school concerning how to promote successful teaching practice for

preservice teachers. Regarding the university’s roles, he suggested about the process

of selecting preservice teachers, preparation aspects for preservice teachers, a

connection between the university and the school, and knowledge of school context.
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The teacher preparation programs should (a) set a careful process to select

quality preservice teachers … (b) prepare preservice teachers in these

aspects—content, teacher responsibilities and abilities to use teaching and

laboratory materials … (c) preservice teachers should know school context

and nature of students, and make students feel accustom with, and be ready for

learning … (d) a closer link between the university and school should be set in

order to solve weak points when the preservice teachers employed various

teaching techniques and they didn’t work in classrooms … (e) preservice

teachers should be required to observe and participate in the school, which

they will perform teaching practice in the future, in order to get used to the

school context, cooperating teacher, students and colleagues. (Interview of

Cooperating Teacher D 6/09/2005)

With respect to the school’s roles, he additionally suggested that: “The school should

assign preservice physics teachers to teach the Compulsory Physics course instead of

the Elective Physics course.”

Throughout teaching practice, University Supervisor B had never come to visit

and observe Cathy’s classrooms. He clarified that at the beginning of teaching

practice he had already planed a supervision schedule of Cathy; however, when the

supervision date is arrived he was very busy with other urgent works such as the

faculty or university meetings. The way he used to solve this problem was supervising

the preservice physics teachers (Cathy and Sam) via the mobile phone. Up to this,

Cooperating Teacher D complained a lot about the university supervisor’s roles. He

stated that “I had no chance to discuss and exchange my  opinions and experiences

with University Supervisor B, especially how to transform the theories of teaching

and learning in the university into classroom practice.” This explicitly expressed a

lack of cooperation between the school and the university.
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3. Factors influencing Cathy’s development and implementation of PCK in

teaching practice

There was only one major factor, which had the potential to influence Cathy’s

development of PCK in teaching practice, i.e., the characteristics or nature of students

taught. She repeatedly mentioned that the nature of non-science students she taught

had a strong impact on her teaching.

Students are non-science students. They think all the time that this subject

[physics] is unimportant, they just study it and pay very little attention. They

pay attention to their major field such as art and language only. (Interview of

Cathy 27/05/2005)

This was corresponded with what Cooperating teacher D’ comment about the

characteristics of non-science students in School B.

Physics is not important for non-science students. They think physics is not

useful for them, especially when they take an entrance examination. This is a

problem—how we encourage non-science students to understand what we

intended them to learn. We sometimes force them to learn and they got

nothing. The sympathy should be given to teachers also because they have a

limitation of time and students pay less attention and do not ready to learn.

(Interview of Cooperating teacher D 26/07/2005)

Interestingly, the cooperating teacher and the university supervisor were not regarded

as important factors influencing Cathy’s success of teaching practice that implied a

less involvement of those two persons.
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4. Summary of Cathy’s development and implementation of PCK during 

teaching practice

Before teaching practice, Cathy had prepared the lesson plans of motion, force 

field and wave. The sequence of contents intended to teach in her lesson plans was 

corresponded with the national science curriculum and physics textbook, though some 

details of teacher’s questions, students’ expected answers and learning activities were 

not provided. In her lesson plans, Cathy emphasized the “academic rigor” orientation 

toward teaching (Lantz and Kass, 1987 cited in Magnusson et al., 1999: 101). The 

main teaching objectives, according to this orientation, were helping students: be able 

to explain targeted concepts; conduct investigations related to targeted concepts; 

apply acquired knowledge in explaining everyday phenomena; and work 

cooperatively in group. To accomplish that objective, students were requested to do 

hands-on activities followed by accomplishing related worksheets and exercises. The 

main teaching materials employed were physics textbooks, notes, worksheets and 

exercises. In the conclusion stage, Cathy emphasized the teacher and students 

concluding the lesson together. Also, various assessment methods, especially 

formative ones, were used in order to check whether or not students had learned as 

mentioned in the teaching objectives. One explicit weak point noticed in Cathy’s

lesson plans was a lack of learning activities being created from her creativity. 

Holistically, all lesson plans show that Cathy was able to integrate all knowledge 

components of PCK (i.e., orientation toward teaching and knowledge of curriculum, 

students’ learning, instructional strategies and assessment), though some weak points 

still were presented.

Even though Cathy prepared the lesson plans before teaching practice well, 

she faced a lot of problems in transforming lesson plans into classroom practice that

most of them were mainly originated from the characteristics or nature of students 

taught. Cathy realized that the non-science students she taught had weak basic 

knowledge, perceived physics as an unimportant subject and paid little attention in 

learning. Consequently, she decided to adjust her teaching to suit students’ 

characteristics and backgrounds by changing her orientation toward teaching from the 
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“academic rigor” to the “didactic” orientation emphasizing teaching with

transparencies and notes. She additionally decreased the degree of difficulty of 

content taught and tried to raise everyday-life examples, with which students were 

familiar, in order to increase student understanding and attention. Up to this, her 

emphases of teaching and learning were helping students understand targeted 

concepts and apply them in explaining everyday-life situations. The review of student 

prior learning at the beginning of the lesson was prominent in her teaching. Classroom 

observation combining with examining students’ exercises and worksheets were 

major formative assessment methods she employed to assess student learning 

outcomes.

From teaching practice, holistically, Cathy developed each knowledge 

component of PCK—orientation toward teaching and knowledge of curriculum, 

students’ learning, instructional strategies and assessment. However, the 

characteristics of students taught was a major factor impeding Cathy’ implementation 

of topic-specific PCK for teaching motion, force field and wave. Another influential 

factor was the support from the cooperating teacher and university supervisor. In this 

case, Cooperating Teacher D emphasized only Cathy’s intention to be a future physics 

teacher. He did not emphasized and helped Cathy to think about how to integrate 

physics content and constructivist learning activities into classroom practice or 

develop PCK. While University Supervisor B took less part in supervising Cathy’s 

teaching practice.

The case of Sam

1. Sam’s development and implementation of PCK in teaching practice

Sam had performed teaching practice in School B within the supervisions of

Cooperating Teacher C and University Supervisor B. He was officially assigned from

the school to teach three science subjects: (i) Elective Physics for three classes of

grade 11 non-science students, which each class takes one period per week; (ii)

Science for three classes of grade 9 students, which each class takes three periods per



235

week; and (iii) Electronic Project for one class of grade 9 students, which each class

takes two periods per week. Therefore, Sam’s teaching workload was 14 periods per

week. He additionally was required to work in one of departments in School B as a

required extra job.

1.1 Sam’s integration of knowledge components of PCK into lesson plans

Although Rajabhat University required all preservice physics teachers to write

lesson plans before performing teaching practice in secondary schools, Sam trustfully

told me that he did not prepare any lesson plans because he had no time to do that.

Sam clarified that, according to his position as the president of Faculty of Education

Student Club, he had to work hard in order to conduct lots of university activities such

as the “goodbye senior” ceremony and the field trip for the Faculty of Education

students. Consequently, most of his available time was spent with these activities

rather than writing lesson plans. Sam, therefore, performed teaching practice without

prepared lesson plans. In teaching, he just read the physics textbook in particular to

concepts intended to teach, created transparencies, notes and worksheets related to

those concepts and went to classrooms to teach. Up to this, both University

Supervisor B and Cooperating Teacher C were not aware, or paid attention to, the lack

of preparation of lesson plans before teaching practice.

At the end of teaching practice, Sam trustfully told me that, when he was

required to submit the lesson plans of Elective Physics used during teaching practice

to University Supervisor B and Cooperating Teacher C, he did copy all of Julie’s

lesson plans and submit them to the university supervisor and cooperating teacher.

Sam described that the topics he taught at School B were similar to those were taught

by Julie at School A. According to this situation, the session regarding how Sam

integrates knowledge components of PCK into lesson plans is not presented that

differs from other cases. Anyway, the topics in the Elective Physics Course that Sam

was assigned to teach during teaching practice can be presented as Table 6.4.
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Table 6.4  Topics Taught in Sam’s Teaching Practice

Main topic Sub-topic
1. Motion 1.1 Motion in straight line

1.2  Projectile motion
1.3 Circular motion
1.4 Simple harmonic motion (SHM)

2. Force field 2.1 Magnetic field
2.2 Electric field
2.3 Gravitational field

3. Nuclear physics 3.1 Radioactivity
3.2 Nuclear transformation
3.3 Components of nucleus
3.4 Isotope
3.5 Radioactive decay
3.6 Nuclear reaction

1.2 Sam’s integration and implementation of knowledge components of

PCK into real practice

During teaching practice, the researcher had observed Sam’s teaching of

Elective Physics, which was taught for one class of grade 11 non-science students, for

five times. The researcher additionally interviewed him after finishing each teaching.

From classroom observations, the sequences, strengths and weaknesses of Sam’s

teaching can be summarized as Appendix Table C7.

The data from classroom observations incorporating with interviews after

teaching revealed that Sam had developed knowledge components of PCK (i.e.,

orientation toward teaching and knowledge of curriculum, students’ learning,

instructional strategies and assessment) and other aspects that can be presented as the

following.
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1.2.1 Orientation toward teaching physics

During teaching practice, Sam strongly emphasized the

“didactic” orientation (Magnusson et al., 1999)—a teacher presenting information and

asking related questions; students being required to remember information and answer

questions in order to come up with the understanding of targeted scientific concepts.

According to this orientation, Sam heavily emphasizes the transmission mode of

teaching and learning as lecture. His main teaching sequence, which was influenced

by this orientation, was that “the teacher presents transparencies and/or distributes

notes, explains targeted concepts, asks related questions and assigns exercises; while

students are required to jot down key concepts, answer questions and finish

exercises.”

For Sam, the didactic orientation was accepted and regarded as

the most effective way to control classes, especially the classes consisting of many

misbehavior, non-science students because this orientation made those students busy

with writing down targeted concepts and doing many exercises instead of disturbing

the classes.

1.2.2 Knowledge of teaching objective

For Sam, the aim of teaching and learning was helping students

develop understanding of targeted scientific concepts, particularly concepts relating to

students’ everyday lives. The another teaching objective was helping students to be

able to apply acquired knowledge in daily lives or at least in a test.

I did not expect them [non-science students] to be able to apply acquired

knowledge in their daily lives for 100 percentages. They might not apply their

knowledge at all. If they can apply their knowledge in the test, I will

appreciate about that. (Interview of Sam 14/06/2005)
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Sam additionally emphasized the student development of affective domain, i.e.,

attitudes, kindness, harmony, ethics and moral in his teaching objectives.

Learning physics needs students’ good attitudes toward learning. If students

do not have good attitudes, they will not learn well. Consequently, the teacher

should encourage students to have good attitudes first by making them

perceive that physics is not too difficult for them to learn. (16th week journal)

The teacher should encourage students to do learning activities together in

order to develop their kindness and harmony. (9th week journal)

The teacher not only teaches students, but he/she must also encourage students

to develop their ethics and moral. Our society does not want excellent students

without ethics and moral. (10th week journal)

1.2.3 Knowledge of curricular materials

Sam realized the importance of using teaching materials in

encouraging students’ interest in learning and helping them understand the lesson

such as: “Teaching materials should be used for enhancing students’ better

understanding. The teacher should create teaching materials to suit and raise students’

interest.” However, based on the didactic orientation, Sam employed a few of

teaching materials. Up to this, the major teaching materials he employed during

teaching practice were transparencies, notes and worksheets. Students, therefore, were

familiar with writing information in transparencies into their notebooks, reading the

teacher’s notes and accomplishing exercises and worksheets. This was corresponded

with what Cooperating Teacher C had mentioned about Sam’s weak point regarding

the use of few teaching materials and a lack of student learning products.

Sam’s weak point is using few of teaching materials. He did not give students

opportunities to crate their learning products and admire them. (Interview of

Cooperating Teacher C 27/07/2005)
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Sam planned to use a model in teaching the topic of nuclear power and improve

transparencies to be more attractive to students. Other teaching materials, especially

laboratory materials or teaching materials created from his creativity, were not

explicitly mentioned. Time and budget were mentioned as two main constraints for

the creation of teaching materials. He, therefore, was more appreciate with the use of

transparencies.

I planned to use a model in teaching the topic of nuclear power. But, I did not

create it because I had no money and time. I think using only transparences is

OK because I could point what a nucleus is. It’s better than let students

imagine by themselves. (Interview of Sam 14/06/2005)

Up to this, Sam was aware about the use of a few of teaching materials and mentioned

that he will improve his future teaching by using more teaching materials: “I will use

more teaching materials because students in the present have the eagerness to learn.

They should not just listen to the teacher only.”

1.2.4 Knowledge of students’ learning

Sam mentioned that the teacher must not only understand

content intended to teach, but he/she must also understand the characteristics of

students taught that made him/her able to enhance students’ attitudes toward teaching

and learning. In addition, Sam paid strong attention to student prior learning because

he often reviewed students’ prior knowledge and experience at the beginning of the

lesson. He stated that he tried to link the previous topics students learned with the new

topic intended to teach.

With respect to student learning difficulties, Sam was aware of

the difficulties that students might face in learning specific concepts, especially

abstract concepts such as the magnetic field and tried to find a way to cope with them.



240

In the topic of magnetic field, students may face the difficult with imagination.

I tried to communicate with students by showing them pictures and objects

related to the magnetic field concept. I linked this concept with things that

they had ever experienced such as a motor. (Interview of Sam 14/06/2005)

1.2.5 Knowledge of subject-specific instructional strategies

In similar to Cathy’s classes, the classes Sam taught were

consisted of non-science, students who often paid little attention in learning and

disturbed the classes. Almost all of them regarded physics as less important subject

because it is not a requirement subject for their future entrance examination. Up to

this, the first priority for Sam was controlling classrooms instead of conducting

constructivist learning activities. He had compared the effectiveness of two teaching

sequences with respect to classroom management. The first one was “the teacher

lecturing with transparencies and students writing down key concepts and doing

exercises.” The another one was “the teacher distributing notes and students studying

notes and doing exercises.” He found that the first teaching sequence gave him more

satisfied results as: “If I distributed the note, students did not read it. They played with

their friends and were not quiet as you have seen.”

Even though the “lecture with transparencies” teaching sequence

was beneficial in particular to classroom management, Sam still planned to change the

teaching strategy occasionally, especially when students were bored with employed

teaching strategy.

I have promised with students that I would change the teaching strategy in the

next teaching. I used the teacher’s notes instead of transparencies. In the next

two or three periods, they may be bored with this strategy and I will change

the teaching strategy to make them pay attention to learning again. (Interview

of Sam 14/06/2005)
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Sam mentioned that the experience from Cathy’s classes with

respect to the ability to control the classes was a major factor impeding him from

teaching by experiments.

In Cathy’s classes, she used to set the experiment for students, but they did not

pay attention to it and she could not control the class. So, she gave up. If we

teach by requiring students doing experiment, we must be able to control the

class. If we can do that, it’s fun for students and OK for me. (Interview of Sam

14/06/2005)

Two main teaching sequences as mentioned earlier show that

Sam strongly emphasized the use of teacher-centered teaching strategies. This was

corresponded with what Cooperating Teacher C commented about his teaching.

From my observations, teaching methods that Sam used were not well enough

because students did not have much participation. He strongly emphasized

teacher-centered activities. However, it depends on classes he taught. He

conducted more activities for the classes that students paid attention in

learning and less activities for the classes that students are naughty. (Interview

of Cooperating Teacher C 27/07/2005)

The quote showed that Sam adjusted his teaching strategies to

suit the students taught. He also mentioned about adapting teaching strategies to be

appropriate to students in order to make them understand the lesson.

Physics is difficult, or maybe easy that depends on how people perceive about

it. However, the teacher should select teaching strategies that are appropriate

to students in order to make them understand content easier. (12th week

journal)

In the future teaching, Sam will improve his teaching by placing

more emphasis on the use of learner-centered approaches.
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I will apply experiences during teaching practice by emphasizing students as

being most important. If students do not learn by themselves, in the future they

will be just waiting for receiving knowledge from others. They will not

attempt to seek for new, challenge knowledge for themselves. (1st week

journal)

1.2.6 Knowledge of topic-specific instructional strategies

Lecture by using transparencies and/or notes combining with

students doing worksheets and/or exercises were regarded as the teaching strategy that

Sam had employed to teach almost all of topics taught during teaching practice. For

Sam, this teaching strategy was appeared as the most effective way to control the

turmoil classes with non-science students. There was a lack of flexibility and diversity

of learning activities used because other specific demonstrations, analogies and

experiments were rarely utilized.

When students did not pay attention in learning, I changed my teaching

strategy. For example, when I explained concepts and students did not listen to

me, I wrote those concepts on the blackboard and required students to copy

those into their notebooks or required them to do meditation. (4th week

journal)

1.2.7 Knowledge of assessment

Because Sam aimed at developing students’ understanding of

targeted concepts and ability to apply acquired knowledge in accomplishing exercises,

the primary methods that he used to assess these learning outcomes were observing

students’ behaviors and examining their worksheets and exercises. This shows that

Sam not only emphasized the used of summative assessment methods (e.g., mid-term

and final examination), but he also emphasized the use of formative assessment

methods in assessing student learning outcomes.
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1.2.8 Other aspects

From experiences in teaching practice, not only Sam developed

knowledge components of PCK, but he also developed more understanding about the

nature of physics, more confidence in teaching and more positive attitudes toward

physics teaching and learning.

Sam learned how to decrease the difficulty of content taught to

suit students’ basic knowledge.

I realize that they [non-science students] don’t want to learn because of their

weak basic knowledge, but I tried to teach simplest concepts to them as the

cooperating teacher mentioned about decreasing the degree of difficulty of

content for weak basic knowledge students. (Interview of Sam 14/06/2005)

He also understood more about the nature of physics.

Physics is a subject involving with nature. Nature is everything around us.  (3rd

week journal)

If the teacher can help students understand nature, it shows that he/she can

make students understand physics also. (14th week journal)

At the initial of teaching practice, or even during the physics

methods course, Sam constantly reflected that he did not want to be a physics teacher

because he “might not be able to be a good physics teacher.” However, at the end of

teaching practice, Sam reflected his intention to be a future physics teacher was

discouraged from students’ misbehaviors. However, when teaching practice went on,

he continuously developed more positive attitudes toward teaching.
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I developed more positive attitudes toward being a physics teacher …  I feel

like I want to be a teacher, but I am still fear about it. (3rd week journal)

I love to be a physics teacher more. I respect this career because being a

teacher is sacrifice. (10th week journal)

Because of his special interest in administration and

management, among experiences derived from teaching practice, Sam stated that he

paid more attention to experience with respect to organization administration.

I learned a lot from teaching practice. I like to observe how people in the

organization work. I learned how to act to, live with, and govern others. I am a

leader. I observed the leader [administrator] here [School B], what bad or

good points when he governs people in his organization. I will apply this in

my work. I also got experiences in teaching, controlling classes and

motivating students to learn. (Interview of Sam 14/06/2005)

2. The roles of Cooperating Teacher C and University Supervisor B in helping

Sam develop PCK

Cooperating Teacher C stated that she did not directly observe Sam’s teaching

in his classrooms. The method she often used, which was similar to Cooperating

Teacher D, was passing his classrooms, glancing what he did and listening what he

said. She also stated that she could not help Sam much about physics content because

her major is biology. The important aspect that Cooperating Teacher C usually

emphasized in her supervision of Sam’s teaching was content, friendship with

students and adaptation to student characteristics. She would like to make Sam feel

happy in teaching first and develop himself later.
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I emphasize content Sam taught. Students must understand content to some

extent. From my experiences with preservice teachers, some of them used

most of time in talking with students, so students got little content … I

emphasize preservice teachers to make friend with students they taught, they

should not be too serious. If the teacher is serious, students might object the

teaching and learning. (Interview of Cooperating Teacher C 27/07/2005)

I pay attention to his [Sam’s] teaching and how to behave appropriately to

students’ characteristics. I will transfer my teaching experience to him. I tried

to make him happy first and then let him develop himself. (Interview of

Cooperating Teacher C 27/07/2005)

In Sam’s teaching, Cooperating Teacher C was not concern about his strong

emphasis on teaching by lecture rather than constructivist learning activities. She

accepted the use of lecture and regarded it as an appropriate method for teaching or

controlling non-science students.

In Cooperating Teacher C’s view, Sam had improved in many aspects,

particularly classroom management and making friendship with students.

He had improved. He controlled classes more effectively, though students are

very naughty. The learning environment, now, are better. His voice is loud.

(Interview of Cooperating Teacher C 27/07/2005)

He had friendship and made friend with students. He created informal learning

environment. Students feel comfortable with him and learning—they dare to

raise their hands to ask questions, talk and express ideas. (Interview of

Cooperating Teacher C 27/07/2005)

However, she mentioned several aspects that Sam needs to improve such as the

responsibility as a teacher, the conclusion of the lesson and the emphasis on helping

students apply knowledge in daily lives.
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He is a president of student club and do lots of works. So, he is often not

active in teaching, he’s so tired. He often distributed the teacher’ notes to

students and did not conclude the concepts in those notes. In addition, he did

not teach to make students see how to apply knowledge in daily lives.

(Interview of Cooperating Teacher C 6/09/2005)

In similar to Cooperating Teacher D, the aspect that Cooperating Teacher C

rarely mentioned in her supervisions of Sam’s teaching was the teaching strategies

employed. She stated that Sam had already developed this aspect in the university, so

she must not redundantly mention about it. In addition, Cooperating Teacher C stated

that she did not want to comment much about preservice teachers’ teaching because

she did not want to make preservice teachers give up with their teaching career. This

shows that Cooperating Teacher C did not thoroughly understand her role as a

cooperating teacher, who must supervise preservice teachers by giving feedback,

comments and suggestions concerning their weak points with respect to teaching and

working. In addition, she did not aware that Sam did not prepare lesson plans before

teaching. This also shows her careless to take the responsibility as a cooperating

teacher.

Cooperating Teacher C mentioned several factors influencing preservice

teachers’ success in teaching practice: “experiences in teaching and controlling

classes; self-confidence; content knowledge; teaching methods best suit to students’

backgrounds; raising various everyday situations in order to link students prior

knowledge with their everyday experience to encourage their interest; a readiness of

students to learn; and a teacher’s preparation of content” (Interview of Cooperating

Teacher C 6/09/2005).

3. Factors influencing Sam’s development and implementation of PCK in

teaching practice

The main factor, which had a potential to influence Sam’s development and

implementation of PCK in teaching practice, was the characteristics of students
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taught. He found that the students taught: had weak basic knowledge; did not perceive

physics as an important subject; paid little attention in learning; and often disturbed

class. Consequently, he decided, with the suggestion from Cooperating Teacher C, to

decrease the degree of difficulty of content by teaching simplest concepts to students.

In teaching, he additionally decided to employ the lecture-type teaching style in order

to control classrooms by making students busy with writing information in

transparencies and finishing related exercises and worksheets. The main teaching

objectives were encouraging students to understand targeted concepts and apply

acquired knowledge in accomplishing related exercises and worksheets. Surprisingly,

the university supervisor was not regarded as important factors influencing the

success in his teaching practice.

4. Summary of Sam’s development and implementation of PCK during teaching

practice

Due to lots of works as the president of the Faculty of Education Student Club,

Sam did not prepare any lesson plans before teaching practice. Consequently, the

integration of knowledge components of PCK into his lesson plans was not evident.

This situation not only showed Sam’s lack of responsibility in taking a role as the

preservice physics teachers, but it also showed a lack of responsibilities of the

cooperating teacher and university supervisor.

Although Sam developed each knowledge component of PCK during teaching

practice, the characteristics or nature of students taught had strongly impacted on his

implementation of topic-specific PCK for teaching motion, force field and nuclear

physics. He realized that almost all of non-science students taught had weak basic

knowledge of science and did not value physics as an important subject that made

them paid little attention in learning and, oftentimes, disturbed the classes. Sam,

therefore, decreased the degree of difficulty of content to suit students’ backgrounds

and employed the didactic orientation, i.e., teaching by emphasizing lecture with

transparencies, notes, exercises and worksheets, and students learning by listening and

writing down key concepts and doing exercises and worksheets. This orientation was
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most beneficial for him regarding its ability to control disturbed non-science

classrooms because students were busy with writing down information and doing

exercises and worksheets. Up to this, the emphases of Sam’s teaching were helping

students understand targeted concepts and apply them in accomplishing exercise and

worksheets. Beyond mid-term and final examination, observing students’ behaviors

accompanying with examining students’ exercises and worksheets were major

formative assessment methods that Sam utilized to assess student learning outcomes.

Another influential factor influencing Sam’ development and implementation

of PCK during teaching practice was the cooperating teacher. Throughout teaching

practice, the major emphases of Cooperating Teacher C’s supervision of Sam’s

teaching were content, making friendship with students and adapting to non-science

student characteristics. Cooperating Teacher C was not concern about Sam’s strong

emphasis on teaching by lecture rather than constructivist learning activities because

lecture was regarded as an appropriate, effective method for teaching non-science

students. In addition, Cooperating Teacher C rarely supervised Sam’s teaching with

respect to instructional strategies employed and suggested him about how to integrate

physics content and constructivist teaching strategies for effective physics teaching. In

other words, she did not emphasize Sam’s development of PCK.

Common findings

The common findings derived from the cross-case analyses of Julie, Mark,

Cathy and Sam development and implementation of PCK during teaching practice

were presented into two main parts. The first part involves the cross-case analysis of

the preservice physics teachers’ integration of knowledge components of PCK into

their lesson plans being written before teaching practice. The another part illustrates

the cross-case analysis of their development and implementation of PCK during

teaching practice.



249

1. Preservice physics teachers’ integration of knowledge components into the

lesson plans

The cross-case analysis of the preservice physics teachers’ integration of

knowledge components of PCK into their lesson plans can be summarized as

Appendix Table C8.

The orientation toward physics teaching repeatedly mentioned in the lesson

plans of Julie, Mark and Cathy was corresponded with the “academic rigor”

orientation (Lantz and Kass, 1987 cited in Magnusson et al., 1999: 101)—a teacher

challenging students with problems, examples, situations and activities; students

doing activities (e.g., hands-on, group activities and experiments) in order to verify

scientific concepts by demonstrating the relationship between particular concepts and

phenomena. They additionally sequenced all contents intended to teach according to

the physics textbooks and the National Science Curriculum Standards. In the teaching

objectives, they aimed at helping students develop abilities to explain targeted

concepts and apply them in everyday lives. However, only Julie and Mark did not

emphasize the student development of affective domain, science process skills and

cooperative learning, though both of them explicitly mentioned about the use of

hands-on, group activities and experiments that potentially promote student

development of those mentioned aspects.

Only Cathy emphasized reviewing student prior knowledge and experience at

the introduction stage, while Julie emphasized raising everyday examples or

situations, with which students were familiar, to promote students’ interest in learning

and Mark stated the use of activities, which were strongly driven by the teacher such

as the teacher raises examples and situations and explains targeted concepts. In the

teaching stage, although Julie, Mark and Cathy emphasized the use of hands-on,

group activities, there was a lack of learning activities created from their creativity. In

addition, Mark and Cathy planned to conclude the lesson with their students, while

Julie gave students opportunities to conclude the lesson by themselves.
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Because of various hands-on activities employed, Julie, Mark and Cathy

mentioned the use of a variety of teaching materials incorporating with those

activities. They additionally stated the aspects and criteria of assessment and

evaluation and emphasized the use of formative assessment methods in assessing

student learning outcomes. In the holistic view, Julie, Mark and Cathy could well

integrate all knowledge components of PCK into their lesson plans, though there still

were weak points concerning setting teaching objectives, reviewing student prior

learning and creating their own learning activities.

2. Preservice physics teachers’ development and implementation of PCK during

teaching practice

The cross-case analysis of the preservice physics teachers’ development and

implementation of PCK during teaching practice can be depicted as Appendix Table

C9.

When compared with the orientation toward teaching mentioned in the lesson

plans, Julie and Mark still insisted their academic rigor orientation, while Sam held

the didactic orientation. Interestingly, Cathy changed her orientation from the

academic rigor to the didactic orientation emphasizing the transmission mode of

teaching and learning—the teacher presenting information and asking questions;

students being required to remember information, answer questions and discuss in

order to understand targeted scientific concepts. The major factor influencing Sam to

hold, and Cathy to change her orientation into, the didactic orientation was the

characteristics or nature of the students they taught. Both of them stated that the non-

science students taught had weak basic knowledge of science and perceived physics

as an unimportant subject, which is unnecessary for their future entrance examination.

Students, therefore, faced difficulties in learning and, then, paid little attention in

learning and often disturbed the classes. Up to this, the major priority for Cathy and

Sam was classroom management instead of teaching for student understanding. In

addition, the cooperating teachers regarded the ability to control and manage

classrooms as a major concern for Cathy’s and Sam’s teaching. In case of Julie and
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Mark, their orientations were still the same as mentioned in their lesson plans because

there were enough teaching materials available for their hands-on, group activities and

strong supports and encouragement from their cooperating teachers.

In the teaching objectives, all preservice physics teachers emphasized the

student development of cognitive domain such as abilities to explain targeted

scientific concepts and to apply them in accomplishing exercises and explaining real

life situations. In addition, Mark and Sam emphasized the student development of

affective domain such as positive attitudes and feelings.

In the introduction stage, Cathy and Sam repeatedly stated the review of

student prior knowledge and experiences, though they just reviewed what students

have learned in the previous classes rather than prerequisite concepts essential for

learning targeted scientific concepts. Julie and Mark rarely reviewed student prior

learning in the introduction stage because they placed more emphasis on the coverage

of all contents intended to teach within one semester of teaching practice. Up to this,

both of them constantly expressed concern about whether or not they could complete

teaching of all contents within teaching practice.

Based on the academic rigor orientation, Julie and Mark heavily emphasized

the use of hands-on activities (e.g., demonstrations, group activities and cookbook

experiments) in teaching. Specifically, Mark tried out and compared the effectiveness

of two teaching sequences: (a) the teacher presenting and explaining targeted concepts

followed by students doing experiments to verify those concepts; and (b) students

doing experiments and concluding results followed by the teacher conclusion. For this

instance, he reflected that the second teaching sequence brought him more appreciate

results. For Cathy and Sam, the main teaching sequence based on the didactic

orientation was “the teacher presenting transparencies and/or distributing notes,

students writing key concepts and finishing exercises and/or worksheets.” Similar to

Mark, both Cathy and Sam tried out and compared the effectiveness of two teaching

sequences concerning classroom management: (a) the teacher distributing notes,

students reading notes and, then, the teacher explaining targeted concepts; and (b) the
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teacher lecturing with transparencies, students listening and writing down key

information. They stated that the second teaching sequence was more beneficial for

them with respect to its ability to control and manage turmoiled, non-science

classrooms. Commonly, there was no learning activity that the preservice physics

teachers had created from their creativity.

The physics textbooks and teacher manuals were regarded as a main source of

teaching materials for all preservice physics teachers. Based on the academic rigor

orientation, Julie and Mark employed a variety of teaching materials that were related

to hand-on, group activities employed. On the contrary, because of the didactic

orientation held, Cathy and Sam employed a few of teaching materials—the major

teaching materials were transparencies, notes, exercises and worksheets.

From classroom experiences during teaching practice, all preservice physics

teachers reflected more awareness and understanding of learning styles of students in

the class and individual level. They also realized the effect of student learning styles

on the quality of teaching and learning of specific physics topics. With respect to

learning difficulties, all preservice teachers were able to expect and specify students’

learning difficulties of specific topics taught, especially those similar to the learning

difficulties they faced. Regarding assessment and evaluation, all preservice teachers

mentioned about the use of formative assessment methods (e.g., observing student

behaviors and examining their exercises and worksheets) in assessing student learning

outcomes.

Finally, teaching experiences derived from teaching practice encouraged all

preservice physics teachers to develop more confidence in teaching. Almost all of

them, except Julie, also explicitly reflected more positive attitudes toward physics

subject and physics teaching and learning. Also, all preservice teachers mentioned

about the common factor influencing their success of teaching practice, that is, the

characteristics or nature of students they taught. Other influential factors were

teaching experience, the personal constructs, prior knowledge and experience

concerning teaching and learning, the cooperating teachers and the schools. Up to
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this, interestingly, Cathy and Sam did not explicitly mentioned a cooperating teacher

as an important factor influencing their success in teaching practice.

2. Summary of preservice physics teachers’ development of PCK in teaching

practice

The school context strongly influenced on the preservice physics teachers’

development and implementation of PCK during their teaching practice. For Julie and

Mark, their main concern was teaching to cover all physics contents required by the

school. Up to this, initially, they heavily emphasized students’ abilities to memorize

all required contents, to apply mathematics skills in solving related problems, and

accomplishing exercises and worksheets. However, within the close supervisions of

the cooperating teachers in School A, Julie and Mark constantly improved their

teaching and subsequently emphasized the “academic rigor” orientation in teaching

physics. Both of them progressively developed and implemented their topic-specific

PCK concerning the topics they assigned to teach during teaching practice. For Cathy

and Sam, their main constraint in the context of School B was the characteristics or

nature of students taught. That is, the non-science students they taught had weak basic

knowledge of science and did not value the importance of physics subject, so they

paid little attention in learning and often disturbed the classes. According to this

situation, Cathy and Sam emphasized the didactic orientation in teaching because it

was most beneficial for them in managing or controlling the disturbed classes. Their

cooperating teachers in School B also accepted the value of using the didactic

orientation with respect to its ability to control non-science classes.

Another influential factor was the support and close supervision from the

cooperating teachers. The cooperating teachers in School A continuously supervised

Julie’s and Mark’s teaching during their teaching practice. Additionally, they usually

emphasized them to use hands-on activities in teaching and gave them useful

suggestions with respect to how to integrate physics content and instructional

strategies. Therefore, Julie and Mark continuously and progressively developed and

implemented their topic-specific PCK in their classrooms. On the contrary, the
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cooperating teaches in School B rarely supervised and suggested Cathy and Sam

about instructional strategies and, especially, how to integrate physics content with

constructivist learning activities. Therefore, the development of PCK in Cathy and

Sam was slowly developed during teaching practice. Surprisingly, the university

supervisors were rarely mentioned by all preservice physics teachers as an important

factor influencing their development and implementation of PCK during teaching

practice. The reason, maybe, was that the university supervisors rarely visited their

classrooms and gave advice to improve their teaching during teaching practice.



CHAPTER VII

CONCLUSIONS, DISCUSSION AND RECOMMENDATIONS

This chapter is divided into two main parts. The first part presents the

conclusions drawn from this study and their discussion. The recommendations that

emerged from this study are also presented in the another part.

Conclusions and Discussion

The conclusions drawn from this study and their discussion are divided into

two main sections according to two research questions: (a) how, and to what extent,

the preservice physics teachers develop PCK from participating in the PCK-based

Physics Methods Course; and (b) how, and to what extent, the preservice physics

teachers develop and implement PCK during teaching practice.

1. How the preservice physics teachers develop PCK from participating in the

PCK-based Physics Methods Course

From the results of this study, it was found that the preservice physics teachers

came to the PCK-based Physics Methods Course with a variety of existing knowledge

and experiences concerning teaching and learning. The survey of prior knowledge

conducted at the beginning of the course revealed that although they had attended

many courses on curriculum, teaching and learning, and assessment, they knew little

about them and had little experience in teaching. From participating in the period of

preparation for PCK development conducted during the first three weeks of the

course, the preservice physics teachers developed more understanding about

curriculum, constructivist teaching and learning, and formative assessment. In

addition, they were able to propose a variety of ways to apply acquired knowledge of

curriculum, constructivist teaching strategies and assessment in their future teaching.
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At the beginning of the period of preparation for PCK development, all

preservice physics teachers had negative attitudes toward the constructivist learning

activities conducted in the course because those activities demanded more thinking

skills and required them to accomplish many assignments that differed from learning

by lecture, with which they were familiar. However, more understanding about the

constructivist view of teaching and learning combined with direct experience as a

learner participating in the constructivist learning environment encouraged them to

gradually develop more positive attitudes toward the constructivist learning activities

conducted in the course and this was shown in their inclination to conduct

constructivist teaching and learning in their future teaching. This shows that when the

preservice teachers have more understanding about, and are exposed to, the

constructivist learning activities, they more readily understand and practice

constructivist methodologies (Brooks and Brooks, 1999).

Classroom observation with written cases discussion provided the preservice

teachers with opportunities to analyze strengths and weaknesses of physics teaching

and learning and to think critically and analytically about teaching and learning

dilemmas and ways to cope with them. These activities played a critical role in

expanding and deepening the preservice teachers’ pedagogical thinking and reasoning

that serve as a basis for further developing PCK (Barnett, 1991; Shulman, 1987).

However, from the Reaction Force case discussion, none of the preservice teachers

could notice the student alternative concept about reaction (i.e., no reaction acting on

an at rest object), similar to their own misconceptions. This matched the findings of

Halim and Meerah (2002) study: “Being unaware of the pupils’ misconceptions

actually reveals the trainees’ own misconceptions of the concepts.” In other words,

preservice teachers are often unaware of the students’ alternative concepts,

misconceptions that they also possess.

The interview-about-instance conducted at the beginning of the period of PCK

modeling of force and motion revealed that all preservice physics teachers held a

variety of alternative concepts about force and motion. Their alternative concepts

varied from scientific concepts, partial scientific concepts, to alternative concepts.
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The partial scientific concept related to neglecting some kinds of abstract forces (i.e.,

friction, reaction and gravity) may have originated from their human-centred

viewpoint. Additionally, the impetus concept and force-implies-motion concept are

regarded as most common alternative concepts (Buaraphan, Singh and Roadrangka,

2005a).

In addition, at the beginning of the period of PCK modeling of force and

motion, the researcher conducted a study, reported earlier, regarding the preservice

physics teachers’ learning experiences derived from the secondary and university

levels. All preservice physics teachers were interviewed individually in relation to

experiences they derived from learning in the secondary and university levels. The

results of the study revealed that the teachers at secondary and tertiary levels usually

taught by lecture and emphasized memorizing force and motion equations rather than

understanding key concepts of force and motion and their applications in real life

situations. The preservice teachers, therefore, lacked understanding of force and

motion and possessed negative attitudes toward teaching and learning force and

motion (Buaraphan, Singh and Roadrangka, 2005b).

The constructivist learning activities conducted during the period of PCK

modeling potentially enhanced the preservice teachers’ understanding and reasoning

about force and motion and promoted their positive attitudes toward teaching and

learning force and motion by using constructivist learning acitivities. However, they

still held some kinds of alternative concepts. Specifically, the human-centred

viewpoint and impetus concept are regarded as a stumbling block in learning force

and motion (Buaraphan, Singh and Roadrangka, 2005b).

The major strength of the preservice physics teachers’ teaching that was 

explicitly expressed during the period of micro-teaching was emphasizing and 

conducting hands-on, group activities and constructivist learning activities. This 

shows that learning in a constructivist environment can encourage the preservice 

teachers to employ constructivist activities in teaching and that they become aware 

that the teacher’s role is not transmit knowledge but to facilitate student learning (Duit 
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and Treagust, 1995). On the other hand, the major weakness regarding the preservice 

teachers’ micro-teaching was content knowledge because they could not answer some 

of students’ questions and, oftentimes, could not notice the student alternative concept 

about reaction, which they also had (Halim and Meerah, 2002). This shows that 

content knowledge affects the preservice physics teachers’ ability to identify student 

alternative conceptions, which is one important component of PCK. Therefore, 

content knowledge serves as a prerequisite for developing and implementing PCK.

During the PCK-based Physics Methods Course, the preservice physics 

teachers derived teaching experiences from their own micro-teaching and from 

observing the methods course instructor’s teaching, peers’ micro-teaching in the 

course and the physics teachers’ teaching in a secondary school. From these 

experiences, the preservice teachers tended to develop more understanding about each 

knowledge component of PCK, especially knowledge of students’ learning with 

respect to student learning difficulties, and became aware of how to relate various 

knowledge components of PCK together. Giving the preservice teachers multiple 

opportunities to teach and observe and reflect on their own teaching and others’ 

teaching of specific topics is essential for encouraging them to develop and also 

implement their PCK (Cochran et al., 1993: 269; Gudmundsdottir, 1995).

From participating in the PCK-based Physics Methods Course, the preservice

teachers not only developed more depth and breadth understanding of each

knowledge component of PCK, but they were also made aware that effective physics

teaching requires their ability to relate or integrate knowledge components of PCK

(i.e., orientation toward teaching and knowledge of curriculum, students’ learning,

instructional strategies and assessment) together. Throughout the course, the

preservice teachers gradually developed more complete topic-specific PCK for

teaching force and motion by increasing the complexity of relationships among

various knowledge components of PCK. The preservice teachers’ characteristics of

relationships of knowledge components of PCK are different depending on their

knowledge, experience and personal frame of mind (Amade-Escot, 2000: 85-86). This

implies that preservice teachers, who possess different degrees of knowledge
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components of PCK and teaching experience, may develop PCK in various degrees

(Veal, 1998; Magnusson et al., 1999). Therefore, the preservice teacher development

of PCK is seen as individual, that is, each preservice teacher has a unique pathway for

PCK development (Tuan and Kaou, 1997; Chen and Ennis, 1995).

Among the learning activities conducted in the PCK-based Physics Methods

Course, the periods of PCK modeling of force and motion and micro-teaching were

regarded as essential parts in the course for encouraging and helping the preservice

teachers develop and implement their PCK. From the period of PCK modeling, the

preservice teachers derived: (a) direct experience as a learner participating in the

constructivist learning activities; and (b) teaching experience from observing fine

examples of physics teaching modeled by the course instructor. Furthermore, the

period of micro-teaching gave them authentic experience from preparing lesson plans,

and selecting, designing and conducting learning activities. Direct experience as a

learner and a teacher during the periods of PCK modeling and micro-teaching,

together with reflections about knowledge and experience derived from those roles

potentially encouraged the preservice teachers to develop and implement their PCK

(Cochran et al., 1993: 269; Gudmundsdottir, 1995).

2. To what extent, the preservice physics teachers develop PCK from

participating in the PCK-based Physics Methods Course

The preservice physics teachers’ development of PCK were vary depending on

their prior knowledge and experience learned from previous courses, and knowledge

components of PCK, and experience acquired from participating in the PCK-based

Physics Methods Course. During the period of PCK modeling of force and motion,

the preservice physics teachers were encouraged to develop each knowledge

component of PCK essential for developing topic-specific PCK for teaching force and

motion, which were constantly presented in various accounts. Also, during the period

of micro-teaching, all of them had opportunities to develop each knowledge

components of PCK, related various knowledge components into topic-specific PCK
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for teaching the topics they taught, that is, Newton’s third law for Julie, friction for

Mark, Newton’s second law for Cathy and force and net force for Sam.

3. How the preservice physics teachers develop and implement PCK during

teaching practice

This session is presented according to two school contexts of teaching practice

including summary as follows.

3.1 Julie’s and Mark’s development and implementation of PCK during

teaching practice

In the context of School A, Julie’s Cooperating Teacher A and Mark’s

Cooperating teacher B continually gave feedback, comments and suggestions for

improving Julie and Mark teaching during teaching practice. Enough available

teaching materials combined with strong support and encouragement from the

cooperating teachers encouraged Julie and Mark to adopt an academic rigor

orientation, which was repeatedly shown in their lesson plans, which emphasized

students doing hands-on, group activities and experiments to verify scientific

concepts. Among various factors in the school context, the cooperating teacher is one

of the important factors that strongly influence the preservice teacher’s development

and implementation of PCK (Veal, 1998).

Specifically, based on the academic rigor orientation, Mark tried out and

compared the effectiveness of two teaching sequences: (a) the teacher presenting and

explaining targeted concepts followed by students doing experiments to verify those

concepts; and (b) students doing experiments and concluding results followed by the

teacher’s explanations. In this instance, he mentioned that the second teaching

sequence gave him better results regarding students’ understanding. This shows that

during teaching practice the preservice teachers tried out many teaching strategies and

saw how they worked out in their classrooms (Graber, 1995).
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PCK is strongly influenced by content knowledge. In turn, content

knowledge serves as a basis for developing PCK (Even, 1993; Marks, 1990; Rovegno,

1992; van Driel et al., 2002). In the case of Julie, when she was required to teach

unfamiliar topics, which she had poor understanding about, and negative attitudes

toward, she lacked confidence in teaching and emphasized the “recite-recall-

remember content for teaching” strategy for coping with this dilemma. Supported by

the literature, teaching experience incorporated with the familiarity with a specific

topic can positively contribute to teachers’ PCK (van Driel et al., 1998).

The main constraint in School A, for Julie and Mark was the coverage of

content because there were many physics topics and content, which they had to teach

to science students, and which they had to cover within a limited teaching practice

time. This constraint made Julie and Mark decide to teach by lecturing including

transparencies or chalk-and-talk instead of constructivist learning activities at the

beginning of their teaching practice.

3.2 Cathy’s and Sam’s development and implementation of PCK during

teaching practice

In the context of School B, the factor influencing Cathy’s and Sam’s

teaching was not the cooperating teacher like Julie and Mark; instead, it was the

characteristics or nature of the students taught. That is, the students they taught were

non-science students, who had weak basic knowledge of science and perceived

physics as an unimportant and unnecessary subject. Accordingly, they faced

difficulties and paid little attention in learning physics, and often disturbed the class.

From this, the main priority for Cathy and Sam was how to effectively control their

classrooms rather than how to teach for understanding. Because of the characteristics

of students taught, Sam held a didactic orientation and Cathy changed her orientation

from academic rigor to a didactic orientation. The main reason for using didactic

orientation was that this orientation was most beneficial to them in controlling and

managing their classrooms. Based on the didactic orientation, Cathy and Sam tried out

and compared the effectiveness of controlling classrooms in two teaching sequences:
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(a) the teacher distributing notes, students reading them and the teacher explaining

targeted concepts; and (b) the teacher lecturing by using transparencies, students

listening and writing down key concepts. They stated that the second teaching

sequence was more beneficial to them with respect to its ability to control and manage

disturbed, chaotic classrooms. This shows that during teaching practice the preservice

teachers tried out or tested out several teaching strategies in their classrooms (Graber,

1995). In addition, the orientation the preservice teachers held played a central role in

their decision-making in relation to planning, teaching and reflecting on teaching of

physics (Magnusson et al., 1999: 102).

For Cathy and Sam, the cooperating teachers were not explicitly stated as

an important factor influencing their success in teaching practice because they rarely

directly observed and supervised Cathy and Sam teaching. Specifically, the

cooperating teachers’ main concern and major aspect of supervisions for Cathy and

Sam was their ability to control and manage classrooms with students with the above-

mentioned characteristics.

3.3. Summary

During teaching practice, each pair of preservice physics teachers was

required to perform teaching practice in a secondary school under the supervision of

the cooperating teachers and university supervisor. Consequently, each pair

performed teaching practice in different school contexts. The findings of this study

reveal that school context and culture have the potential to affect the preservice

teachers’ development and implementation of PCK (Grossman, 1989; Cochran et al.,

1993; Rovegno, 1994; Tuan and Kaou, 1997; Adams and Crockover, 1997; Amade-

Escot, 2000). Two important factors that most influence the preservice teachers’ PCK

development and implementation during teaching practice were the supervision of

cooperating teachers and characteristics or nature of students taught. Both factors

strongly impacted on their decision-making about orientations toward teaching,

teaching strategies, teaching materials and assessment. In addition, the preservice

physics teacher development of PCK was strongly influenced by their ability to
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sustain their intention to be a future physics teacher. Regarding this, students’ more

positive attitudes toward teaching and learning, and better understanding of physics

concepts were reflected as the main source potentially enhancing the preservice

physics teachers’ intention to be future physics teachers. Throughout teaching

practice, there were two main constraints that strongly impacted upon the preservice

physics teachers’ quality of teaching. For the preservice teachers who taught non-

science students (i.e., Cathy and Sam), the main constraint was the characteristics or

nature of students taught. On the other hand, the main constraint for the preservice

teachers who taught science students (i.e., Julie and Mark) was the coverage of

content they intended to teach.

The reflective ability appeared as an important factor for developing PCK in

preservice teachers because PCK is developed over time through reflections on

experience in the practice setting (Grimmett and MacKinnon, 1992; Fernandez-

Balboa and Stiehl, 1995; Barnett and Hodson, 2005; van Driel et al., 2002). However,

this study shows that, in the context of School B, Cathy and Sam had few

opportunities to reflect upon their teaching experience in the supervisory meeting with

the cooperating teachers. This was in contrast to the context of School A, because

Julie and Mark mentioned that they had frequent supervisory meetings with their

cooperating teachers.

All preservice physics teachers sometimes employed learning activities they

participated in during the physics methods course for teaching the topics related to

force and motion. This corresponded to what Graber (1995) argued, that during

teaching practice the preservice teachers may try out their teaching strategies or

imitate teaching strategies observed from other teachers. Generally, in this study,

there was few learning activities that the preservice teachers had created using their

own creativity.

Surprisingly, none of the preservice physics teachers regarded the university

supervisors as an important factor influencing their success in teaching practice. The

reason was that their university supervisors rarely visited and observed their
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classrooms and supervised their teaching. University Supervisor A observed and

supervised Julie and Mark teaching only once, while University Supervisor B never

come to supervise Cathy and Sam teaching. Supervisory meetings were rarely set up.

The truth is that meeting with university supervisors can promote preservice teachers’

PCK with respect to learning difficulties and specific practical teaching strategies

(van Driel et al., 2002). This study shows that the university supervisors did not

thoroughly understand and did not take their role as a good university supervisor

seriously, though the role and experience of university supervisor are very important

in influencing preservice teachers’ development of PCK (Appleton, 2003).

Experience derived from student-teacher interactions in specific classrooms

have the potential to develop PCK in preservice teachers, in particular to students’

learning difficulties and learning styles (Kagan, 1992; van Driel et al., 1998; Tuan,

1996). In this study, all preservice teachers showed more understanding about

students’ learning difficulties regarding the specific topics taught and learning styles

of students as a class and as individuals also. All preservice physics teachers learned,

and became aware of, the effect of student learning styles on quality of teaching and

learning of the specific topics taught.

All preservice physics teachers were able to predict and identify the students’

likely learning difficulties regarding the specific topics taught, and almost all the

expected learning difficulties were the same as the ones they faced. Julie and Mark

found that most of the students they taught in School A faced difficulties in learning

abstract concepts, especially those that do not link with students’ everyday

experiences (Magnusson et al., 1999: 105). One of several sources of students’

learning difficulties was the characteristic of lesson content, i.e., levels of difficulty,

complexity and abstraction (Penso, 2002; 29). In the context of School B, Cathy and

Sam stated that students’ cognitive and affective characteristics and their lack of

motivation and concentration in learning strongly affected the quality of teaching

(Penso, 2002; 29). That is, almost all of non-science students they taught lacked of

prerequisite, prior, knowledge enabling them to cope with the content they intended to
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learn in a meaningful way. They additionally lacked motivation and concentration in

learning, therefore they often paid little attention in learning, and disturbed the class.

During teaching practice, there were many factors potentially influencing the

preservice teachers’ development and implementation of PCK. In this case, personal

constructs (e.g., intention to be a physics teacher, attitudes and perceptions toward

physics teaching and learning) are one of important factors they mentioned. The

literature regards personal constructs as a salient factor influencing PCK development

(Chen and Ennis, 1998). In this study, intention to be a physics teacher strongly

influences the preservice teachers’ development of PCK. Julie, Mark and Cathy

mentioned that during teaching practice they faced various situations (e.g., students’

misbehaviors and problems with colleagues) that discouraged them from choosing a

teaching career. Accordingly, they had to motivate themselves to be physics teachers

throughout teaching practice. In this case, students’ more positive attitudes toward

teaching and learning and better understanding of science were the main source to

reinforce their intention to be a physics teacher. Sam explicitly stated during the

physics methods course and teaching practice that he did not want to be a physics

teacher in the future. Therefore, he paid little attention in taking a role as a physics

teacher during teaching practice, but paid more attention to his extra job as president

of the Faculty of Education Student Club. Another factor that has the potential to

influence almost all of the preservice teachers’ development and implementation of

PCK is the characteristics or nature of students they taught.

Throughout teaching practice, the preservice physics teachers had multiple

opportunities to try out their philosophies of teaching and learning, and teaching

strategies, and observe their effects on the quality of teaching and students’ learning,

and their abilities to relieve teaching and learning constraints. They, sometimes,

employed the learning activities conducted in the PCK-based Physics Methods Course

for teaching the specific topics related to force and motion. However, importantly,

they faced a difficulty in transferring PCK for teaching the topic of force and motion

developed in the physics methods course in teaching other different physics topics

during teaching practice. Regarding this, quality supervisions and strong supports and
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encouragement from the cooperating teachers and university supervisors were needed

to help them transform what they had learned at university into classroom practice.

Teaching experiences derived from teaching practice not only helped the

preservice physics teacher develop each knowledge components of PCK, but also

encouraged them to relate knowledge components of PCK (i.e., orientation toward

teaching and knowledge of curriculum, students’ learning, instructional strategies and

assessment) together. However, the preservice teachers’ relationships of knowledge

components are individual differences depending on their degree of knowledge of

each knowledge component of PCK and derived experience concerning physics

teaching and learning. Generally speaking, each preservice teacher has a unique

pathway for PCK development and implementation. All preservice teachers in this

study tended to develop a more complete PCK by increasing the complexity of

relationships among knowledge components of PCK. They also became aware of the

importance of integrating knowledge components of PCK for effective physics

teaching and learning. Throughout teaching practice, the preservice teachers’ PCK is

gradually and progressively developed over time (Lowerly, 2002: 74). The

development of PCK mainly originated from the preservice teachers’ multiple

opportunities to teach specific topics and to reflect on what they had learned from

those experiences (Cochran et al., 1993: 269; Gudmundsdottir, 1995). Therefore, PCK

can be built from experience in teaching specific content to specific students within

specific learning contexts (Cochran et al., 1993: 269). The finding of this study

supports two arguments from the literature, that is, the novice or preservice teachers

normally have little PCK and the process of PCK development is a time-consuming

process (Clermont, Borko and Krajcik, 1994; van Driel et al., 2001; van Driel et al.,

1998).

4. To what extent, the preservice physics teachers develop and implement PCK

during teaching practice

The preservice physics teachers’ development and implementation of PCK

during teaching practice varied depending on their existing knowledge and experience
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and basic knowledge components of PCK, and experience learned from the PCK-

based Physics Methods Course. In addition, the school context and support from the

cooperating teachers strongly influenced their development and implementation of

PCK.

For Julie and Mark, even though they were concerned about the coverage of

all content required by the national science curriculum, under the close supervision of

their cooperating teachers in School A, they were subsequently able to develop and

implement topic-specific PCK for teaching the physics topics assigned from the

school. In the case of Cathy and Sam, their main constraint was the characteristics of

the non-science students they taught. In teaching practice, this constraint impeded

Cathy and Sam in developing and implementing their topic-specific PCK for teaching

the physics topics assigned from the school. The cooperating teachers in School B

rarely helped or advised them on how to integrate physics content and constructivist

teaching strategies into their classrooms. Therefore, Cathy’s and Sam’s topic-specific

PCK developed slowly during teaching practice.

Recommendations

The recommendations, which emerged from this study, can be illustrated as

follows.

First, the methods course should be considered by policy-makers, university

administrators, teacher educators and all stakeholders as an important opportunity and

a potential place for preservice teachers to develop and implement their PCK. It

should be regarded as an important place for preservice teachers in integrating their

content knowledge learned from the Faculty of Science and knowledge of curriculum,

instructional strategies, student learning and assessment learned from the Faculty of

Education.

Second, the learning activities conducted during the PCK-based methods

course should be carefully and systematically planned by basing them on the
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conceptualization of PCK. That is, all components of the course should aim to

develop each knowledge component of PCK in the preservice teachers, to encourage

them to integrate all knowledge components of PCK and to provide experiences in

teaching. The highest aim should be placed on helping the preservice teachers

integrate physics content and constructivist teaching strategies, that is, the core

conceptualization of PCK. Regarding this, the learning activities conducted in the

PCK-based methods course should be based on the constructivist theory. Preservice

teachers’ existing knowledge and experience concerning knowledge components of

PCK must be taken into account as the guidelines for designing learning activities that

have a potential to enhance their development of each knowledge component of PCK

and integration of all knowledge components into PCK.

Third, teaching experience should be considered as a major factor for

developing PCK in preservice teachers because teachers’ development of PCK is seen

as an integrative process rooted in classroom practice (van Driel et al., 1998; Veal,

1998). Preservice teachers should be given multiple opportunities to teach, observe

and reflect on their own teaching and others. Therefore, PCK modeling of specific

topics and micro-teaching are crucial parts that should be included in the methods

course. During the period of PCK modeling, preservice teachers should have direct

experience as a learner in the teaching and learning process they are expected to

create in their future teaching (i.e., constructivist teaching and learning) by

emphasizing the course instructor as a role model. In addition, because preservice

teachers’ PCK is developed from adequate teaching experience that includes

experiences from teaching and observing the methods course instructor and

classmates teaching (van Driel et al., 2002) over time, the period of micro-teaching

should be included in the methods course  (Halim and Meerah, 2002). However,

during the period of micro-teaching, preservice teachers should have opportunities to

practice teaching with students in secondary schools instead of peers in the methods

course because authentic experience with students in a real classroom context can

effectively enhance their knowledge of students’ learning (Tuan, 1996; Lowery, 2002:

75).
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Fourth, learning activities conducted in the method course should be able to

widen and deepen knowledge of the subject matter of preservice teachers, especially

the understanding of concepts that are found difficult for students to learn or the

students’ common alternative concepts.

Fifth, there should be a workshop, seminar, conference or other interventions

that potentially and effectively enhance cooperating teachers and university

supervisors’ capabilities to help preservice teachers develop and implement their PCK

during teaching practice. Those interventions should also enhance the understanding

of how to be a good cooperating teacher and university supervisor.

Sixth, teaching practice should be considered by teacher preparation programs

and schools as an important, required opportunity for all preservice teachers to try out

their personal philosophies of teaching and learning as well as to develop and

implement their PCK. A closer connection between teacher preparation programs

(i.e., university supervisors) and schools (i.e., cooperating teachers) should be

properly set up in order to help preservice teachers transform their philosophies or

theories of teaching and learning that they have learned at university into classroom

practice.

Finally, teacher preparation programs and schools should pay more attention

to the roles and duties of cooperating teachers and university supervisors. For being

responsible for such a hard and difficult work for developing the quality of the

preservice teacher teaching practice, they should be rewarded and promoted by the

teacher preparation programs and schools in several ways such as certificates,

rewards, promotions, research grants, less teaching and workload and so forth.
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COURSE SYLLABUS

SUBJECT:  The PCK-based Physics Methods Course

SEMESTER:  Second ACADEMIC YEAR:  2004

FULCULTY:  Science and Technology INSTITUTE:  Rajabhat University

1. Course description

This course involves the study of the purposes, structure and content of the 

national science curriculum with respect to physics. The preservice physics teachers 

participated in the course are required to analyze, implement and develop their own 

curriculum. They are also encouraged to develop knowledge of physics teaching and 

learning with respect to lesson management, teaching preparation, teaching methods 

and skills, teaching materials and assessment and evaluation methods. In addition, 

they are given the opportunity to derive authentic experience in practice teaching.

2. Expected learning outcomes

2.1 Content development aspect

The preservice physics teachers are expected to be able to:

• develop more understanding about force and motion;

• develop more understanding about the national science curriculum with 

respect to physics such as the teaching and learning objectives, Learning 

Strands and Learning Standards;

• develop more understanding about formative and authentic assessment in 

physics; and

• develop more understanding about various constructivist teaching strategies 

applicable for teaching physics.
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2.2 Academic development aspect

The preservice physics teachers are expected to be able to:

• develop PCK for teaching physics by integrating specific physics content 

(i.e., force and motion) with various constructivist teaching strategies; and

• apply PCK in micro-teaching in the topic of force and motion and the 

teaching practice.

2.3 Skills development aspect

The preservice physics teachers are expected to be able to:

• develop skill in analyzing the national science curriculum with respect to 

physics;

• develop skills in preparing lesson plans and applying them for teaching the 

topic of force and motion;

• develop skills in selecting and creating teaching materials and employing 

them in teaching the topic of force and motion;

• develop skills in using formative and authentic assessment methods in 

assessing student learning outcomes in physics;

• develop skills in discussing, reflecting and presenting ideas; and

• develop positive attitudes toward physics and teaching and learning physics.
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3. Teaching guidelines

Week Topic Learning activity Teaching materials
1st Introduction

and review
prior

knowledge
of

curriculum

• Introduction of PCK-based Physics
Methods Course

• Reviewing knowledge of science
curriculum

• Participants studying, doing
worksheet and discussing about key
ideas of the National Education Act
(1999), Basic Education Curriculum
(2001) and National Science
Curriculum Standards (2002)

• Participants discussing how to apply
key ideas of the national science
curriculum in teaching physics

• Assigning each participant to prepare
pre-lesson plan of force and motion

• End-of-week reflection

• Course syllabus of PCK-based
Physics Methods Course

• Survey of learning goals
• Survey of prior knowledge of

curriculum
• National Education Act (1999),

Basic Education Curriculum
(2001) and National Science
Curriculum Standards (2002)

• Lesson preparation task
• Journal

2nd Review
prior

knowledge
of teaching
strategies

• Reviewing knowledge of teaching
strategies

• Participants studying, doing
worksheet and discussing about
constructivist and transmission modes
of learning

• Participants studying, presenting and
discussing about constructivist
teaching strategies

• End-of-week reflection

• Note and worksheet on
constructivist and transmission
modes of learning

• Learning center 1 – interactive
teaching approach

• Learning center 2 – generative
learning model of teaching

• Learning center 3 – constructivist
teaching sequence

• Learning center 4 – cooperative
learning

• Worksheet on summary of
constructivist teaching and
learning

• Evaluation form of presentation of
constructivist teaching strategies

• Journal

3rd Review
prior

knowledge
of

assessment

• Reviewing knowledge of assessment
• Participants studying, doing

worksheet and discussing about
formative, authentic and summative
assessments

• End-of-week reflection

• Note and worksheet on formative,
authentic and summative
assessments

• Journal
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Week Topic Learning activity Teaching materials
4th Classroom

observation
and

interviewing
physics
teachers

• Participants observing physics
teaching in secondary schools and
interviewing physics teachers

• Participants presenting results of
analyses of observed physics teaching
and interview followed by class
discussion

• End-of-week reflection

• Worksheet on classroom
observation and interviewing
physics teachers

• Worksheet on reflection of
knowledge and experiences
acquired from classroom
observation and interviewing
physics teachers

• Journal

5th “Force and
Inertia”

written case
discussion

• Participants reading, analyzing and
discussing about written case – Force
and Inertia

• End-of-week reflection

• Force and Inertia” written case
• Worksheet on analysis of written

case
• Journal

6th “Reaction
Force”

written case
discussion

• Participants reading, analyzing and
discussing about written case –
Reaction Force

• End-of-week reflection

• Reaction Force” written case
• Worksheet on analysis of written

case
• Journal

7th • PCK modeling of force and net force
followed by class discussion

• End-of-week reflection

• Lesson plan of PCK modeling of
force and net force

• Worksheet on analysis, discussion
and reflection about modeling of
force and net force

• Journal

8th • PCK modeling of Newton’s first law
followed by class discussion

• End-of-week reflection

• Lesson plan of PCK modeling of
Newton’s first law

• Worksheet on analysis, discussion
and reflection about modeling of
Newton’s first law

• Journal

9th • PCK modeling of Newton’s second
law followed by class discussion

• End-of-week reflection

• Lesson plan of PCK modeling of
Newton’s second law

• Worksheet on analysis, discussion
and reflection about modeling of
Newton’s second law

• Journal

10th

PCK
modeling of

force and
motion

• PCK modeling of Newton’s third law
followed by class discussion

• End-of-week reflection

• Lesson plan of PCK modeling of
Newton’s third law

• Worksheet on analysis, discussion
and reflection about modeling of
Newton’s third law

• Journal
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Week Topic Learning activity Teaching materials
11th PCK

modeling of
force and

motion

• PCK modeling of change of
momentum and net force followed by
class discussion

• End-of-week reflection

• Lesson plan of PCK modeling of
change of momentum and net force

• Worksheet on analysis, discussion
and reflection about modeling of
change of momentum and net force

• Journal

12th • First participant performing micro-
teaching followed by class discussion

• End-of-week reflection

• Evaluation form of micro-teaching
• Worksheet on discussion of micro-

teaching
• Worksheet on reflection of

knowledge and experience derived
from micro-teaching

• Journal

13th • Second participant performing micro-
teaching followed by class discussion

• End-of-week reflection

• Evaluation form of micro-teaching
• Worksheet on discussion of micro-

teaching
• Worksheet on reflection of

knowledge and experience derived
from micro-teaching

• Journal

14th • Third participant performing micro-
teaching followed by class discussion

• End-of-week reflection

• Evaluation form of micro-teaching
• Worksheet on discussion of micro-

teaching
• Worksheet on reflection of

knowledge and experience derived
from micro-teaching

• Journal

15th

Micro-
teaching

• Fourth participant performing micro-
teaching followed by class discussion

• End-of-week reflection

• Evaluation form of micro-teaching
• Worksheet on discussion of micro-

teaching
• Worksheet on reflection of

knowledge and experience derived
from micro-teaching

• Journal

16th Grand
summary

• Participants reflecting overall
knowledge and experiences acquired
from participating in the PCK-based
Physics Methods Course

• Worksheet on discussion of overall
knowledge and experience
acquired from the course

• Worksheet on reflection of overall
knowledge and experience
acquired from the course
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4. Evidences for assessment

To assess learning outcomes, the preservice physics teachers are required to 

collect these following evidences in their portfolios:

• biography indicating their backgrounds, special interests and abilities or 

weak points influencing on learning in the course;

• at-the-initial letter to the course instructor indicating their intention, learning 

goals, expectations and advantages from learning in the course;

• weekly journals summarizing and reflecting their learning (the development 

of knowledge, skills and attitudes, feelings and experiences) in each week;

• assignments accomplished throughout the course;

• pre- and post-lesson plans of force and motion;

• self-evaluation and critics;

• evaluation of the course instructor’s teaching; and

• at-the-end letter to the course instructor indicating their knowledge and 

experienced acquired from the course and opinions about the creation of, 

and advantages from, maintaining portfolios.
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Research Instruments
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Pre- and Post-lesson preparation

Description

Pre- and post-lesson preparation has been adapted from the lesson preparation

method of van der Valk and Broekman (1999). The preservice physics teachers are

required to prepare the pre-lesson plans of force and motion at the initial of the PCK-

based Physics Methods Course and prepare the post-lesson plan by revising their pre-

lesson plans before performing their micro-teaching. This data collection method,

generally, consists of two main parts of : (a) the assignment to prepare lesson; and (b)

the follow-up interview.

The assignment to prepare lesson

The first part of the lesson preparation method involves assigning the

preservice physics teachers to prepare a lesson plan of force and motion for secondary

science students. They are provided sufficient information about the students, school

context and parts of force and motion concepts students being assumed to learn from

the preceding curriculum. In preparing the lesson plan, the preservice physics teachers

are allowed to consult with more experienced or knowledgeable inservice physics

teachers or study from the teaching manuals and physics textbooks or other resources.

But, they are not allowed to copy the lesson plan from any resources. This is strongly

depended on the trust between the course instructor and the preservice physics

teachers. The instruction of the assignment part can be shown as follows.
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Instruction

You are given three weeks to plan the lesson plan of the topic of
force and motion according to the national science curriculum to
secondary science students in a mixed-gender-ability physics class. By
average, the students come from medium-income families. Before taking
this class, the students have been taught about force and simple tools (e.g.,
beam, pulley, inclined plane) at the lower secondary level. All of these
students are studying in the medium-size secondary school, shich is
located in the urban area near Bangkok. The school has enough general
teaching materials for teaching in all subjects.

Based on the information provided, please design your lesson plan
of force and motion, which includes these major aspects:

• Teaching objective
• Teaching and learning process

o Introduction stage
o Teaching stage
o Conclusion stage

• Assessment procedure
• Teaching materials
• Learning resources

The follow-up interview

In the second part, the individual, follow-up, semistructured interview is

conducted with the preservice physics teachers according their prepared lesson plan.

The interview consists of two main parts—the report part and the question part.

Report part

The researcher invites the preservice physics teachers to tell in general what

his/her prepared lesson plan looks like.
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Question part

The preservice physics teachers are interviewed about their prepared lesson

plan with respect to five major knowledge components of PCK: (i) orientations

toward teaching physics; (ii) knowledge of science curriculum with respect to

physics; (iii) knowledge of students’ understanding in physics; (iv) knowledge of

instructional strategies for teaching physics; and (v) knowledge of assessment in

physics. The questions used in the follow-up interview can be presented as follows.

Questions for probing orientations toward teaching physics

• What are your purposes of teaching force and motion?

• Why do you set those teaching purposes in your lesson plan?

Questions for probing knowledge of science curriculum with respect to

physics

Knowledge of goals and objectives in teaching physics

• What are the important concepts, attitudes and skills necessary for

students for learning force and motion that are mentioned in the

National Science Curriculum Standards? Please describe.

Knowledge of curricular materials in teaching physics

• What are the appropriate curricular materials for teaching force and

motion for students? Please describe.
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Questions for probing knowledge of students’ understanding in physics

Knowledge of requirements in learning physics

• What are the prerequisite knowledge, abilities and skills for students

in learning force and motion? Please describe.

• Do students’ characteristics (e.g., age, gender, ability, skills, interest,

and expectation) affect on teaching of force and motion? Please

describe.

• What are students’ approaches in learning force and motion? Please

describe.

Knowledge of areas of difficulties in learning physics

• What preconceptions and alternative conceptions on force and

motion that you suppose students possess? Why did you foresee

these conceptions?

• What possible learning difficulties do you expect students might

face in learning force and motion? Please describe.

• What are the sources of students’ alternative conceptions and likely

difficulties in learning force and motion? Please describe.

Questions for probing knowledge of instructional strategies for teaching

physics

Knowledge of topic-specific instructional strategies

• What are the teaching strategies that you chose to teach force and

motion? Why did you choose it?

• In your opinion, what are the effects of those teaching strategies on

the teaching and learning on force and motion? Please describe.

• What are strengths and weaknesses of those teaching strategies in

teaching force and motion? Please describe.
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• What are the problems related to those teaching strategies in

teaching force and motion that you think students might face? How

do you solve it?

• In your opinion, do those teaching strategies appropriate to teaching

objectives, physics content, curriculum, students’ backgrounds and

assessment methods and context? Please describe.

Questions for probing knowledge of assessment in physics

Knowledge of dimensions of physics learning to assess

• What are the aspects of students’ learning of force and motion that

are important to assess?

Knowledge of methods of assessment in physics

• What are methods for assessing students’ learning of force and

motion? Why did you choose these methods?

• What are the advantage and disadvantage or strengths and

weaknesses of those methods of assessment?

Summarizing questions

• Are there any parts of the prepared lesson plan that you want to

improve or change? Why do you want to improve or change it?

• What important aspects did you learn from your prepared lesson for

force and motion? Why?
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The Guideline of Semistructured Group Interview about Cases

Description

The semistructured group interview about written cases was conducted with

the preservice physics teachers during the fourth and fifth week of the PCK-based

Physics Methods Course. To encourage them to understand the situation in the written

cases, increase their responses and save time in reading cases, the preservice physics

teachers are given the written cases to read one week prior the interview begins.

The open-ended questions were used in the semistructured group interview

about written cases. The sequence of the questions used is set, but it is flexible to be

changed depending on the situation. The researcher started the interview with the

guiding questions to survey how the preservice physics teachers think about the cases

in general. Subsequently, the probing questions were used to probe for more details in

particular to the five major components of PCK: (i) orientations toward teaching

physics; (ii) knowledge of science curriculum with respect to physics; (iii) knowledge

of students’ understanding in physics; (iv) knowledge of instructional strategies for

teaching physics; and (v) knowledge of assessment in physics.

Guiding questions

The guiding questions were employed in order to derive the initial information

about what the preservice physics teachers think about the teaching and learning

dilemma situated in the written case and also lead them to the follow-up probing

questions. The guiding questions are as follows:

• In your own view, what is the teaching and learning dilemma situated in the

case?

• Why did it occur?

• What are the cause and effect of that teaching dilemma?
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Probing questions

The aim of probing questions is to investigate the preservice physics teachers’ 

PCK with respect to five major knowledge components. The probing questions are 

as follows:

Questions for probing orientations toward teaching physics

• What are the purposes of teaching physics of the teacher in the case? Please

describe.

Questions for probing knowledge of science curriculum with respect to

physics

Knowledge of goals and objectives in teaching physics

• What are the important concepts, attitudes and skills in this physics

topic for students to learn that mentioned in the National Science

Curriculum Standards? Please describe.

Knowledge of curricular materials in teaching physics

• What are the appropriate curricular materials for teaching the

physics topic for students in the case? Please describe.

Questions for probing knowledge of students’ understanding in physics

Knowledge of requirements in learning physics

• What are the prerequisite knowledge, abilities and skills for students 

in learning this physics topic? Please describe.

• What are students’ approaches in learning this physics topic? Please

describe
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Knowledge of areas of difficulties in learning physics

• What are students’ preconceptions, alternative conceptions and

likely difficulties in learning this physics topic? Please describe

• What are the sources of students’ alternative conceptions and likely

difficulties in learning this physics topic? Please describe

Questions for probing knowledge of instructional strategies for teaching

physics

Knowledge of subject-specific instructional strategies

• What are the instructional strategies that can be employed for

teaching physics in general?

Knowledge of topic-specific instructional strategies

• What are the teaching strategies that the teacher in the case

employed?

• What are the effects of those employed teaching strategies on the

teaching and learning the physics topic in the case? Please describe

• What are strengths and weaknesses of those employed teaching

strategies in teaching this physics topic? Please describe

• In your opinion, do those teaching strategies appropriate to teaching

objectives, physics content, curriculum, students’ backgrounds and

assessment methods and context? Please describe.
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Questions for probing knowledge of assessment in physics

Knowledge of dimensions of physics learning to assess

• In the case, what are the aspects of students’ learning in this physics

topic that are important to access?

Knowledge of methods of assessment in physics

• What are methods for assessing students’ learning in the physics

topic in the case?

• What are the advantage and disadvantage of those methods of

assessment?

Summarizing questions

• If you were the teacher in the case, how will you solve the teaching and 

learning dilemma?

• What is the most important aspect that you have learned from the discussion 

about this case? Please describe
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The Guideline of Classroom Observation

Description

The classroom observation was conducted during both the period of micro-

teaching in the PCK-based Physics Methods Course and the teaching practice. The

guideline of classroom observation can be divided into five aspects according to five

major knowledge components of PCK as follows.

Knowledge components of PCK Aspects to observe
1. Orientations toward teaching

physics
• Clarify and identify teaching purposes

2. Knowledge of science curriculum
with respect to physics

2.1 Knowledge of goals and
objectives in teaching
physics

• Analyze scope, structure and content of a
physics topic intended to teach    

• Interpret key ideas of a physics topic intended
to teach   

2.2 Knowledge of curricular
materials in teaching
physics

• Examine and interpret curricular materials
and resources for teaching a physics topic

• Prepare and organize selected curricular
materials and resources

• Detect and correct errors in physics textbooks

3. Knowledge of students’
understanding in physics

3.1 Knowledge of
requirements in learning
physics

• Analyze students’ requirements in learning of
a physics topic

3.2 Knowledge of areas of
difficulties in learning
physics

• Seek out ways to probe and diagnose
students’ preconceptions, alternative
conceptions and learning difficulties

• Fit the teaching strategies and curricular
materials and resources with students’
characteristics, preconception, alternative
conceptions and learning difficulties

• Organize and manage classroom environment
to support students’ learning
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Knowledge components of PCK Aspects to observe
4. Knowledge of instructional

strategies for teaching physics
4.1 Knowledge of subject-

specific instructional
strategies

• Understand various constructivist teaching
strategies for teaching physics in general

4.2 Knowledge of topic-
specific instructional
strategies

• Design various constructivist teaching
strategies for the lesson

• Allocate time for teaching all key ideas
• Organize content and its representation for

teaching
• Seek out alternative ways to introduce,

represent, explain and clarify physics
concepts

• Select and adapt learning activities to suit
students’ characteristics, preconceptions,
alternative conceptions and learning
difficulties

• Stimulate students’ thinking, attention,
interest and willingness in activity

5. Knowledge of assessment in
physics

5.1 Knowledge of dimensions
of physics learning to
assess

• Understand dimensions of physics learning to
assess

5.2 Knowledge of methods of
assessment in physics

• Understand various assessment methods,
especially formative and authentic assessment
methods

• Select assessment methods which are suitable
with teaching objectives, physics content and
students’ characteristics
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The Guideline of Semistructured Interview after Teaching

Instruction

The semistructured interview was conducted with the preservice physics

teachers after they have finished their teaching during the period of micro-teaching

period in the PCK-based Physics Methods Course and the teaching practice in

secondary schools.

The questions used in the interview aim to assess preservice physics teachers’

PCK with respect to the five major knowledge components of PCK: (i) orientations

toward teaching physics; (ii) knowledge of science curriculum with respect to

physics; (iii) knowledge of students’ understanding in physics; (iv) knowledge of

instructional strategies for teaching physics; and (v) knowledge of assessment in

physics. The questions employed in the interview are presented below.

Questions for probing orientations toward teaching physics

• What are your purposes of teaching?   

• Did you accomplish your purposes of teaching? Why?

Questions for probing knowledge of science curriculum with respect to

physics

Knowledge of goals and objectives in teaching physics

• What are the important concepts, attitudes and skills that you want 

to convey to students? Please describe.

• Were those concepts, attitudes and skills involved with the National 

Science Curriculum Standards?

Knowledge of curricular materials in teaching physics

• Do you think your employed curricular materials are appropriate to 

facilitate students’ learning? Please describe.
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Questions for probing knowledge of students’ understanding in physics

Knowledge of requirements in learning physics

• What are the prerequisite knowledge, abilities and skills for students 

in learning the topic have been taught? Please describe.

• Did students’ characteristics (e.g., age, gender, ability, skills, 

interest, and expectation) affect on your teaching? Please describe.

• What are your students’ approaches in learning force and motion? 

Please describe.

Knowledge of areas of difficulties in learning physics

• In what way that your students’ preconceptions and alternative 

conceptions effect on learning? Please describe.

• What learning difficulties did your students face in learning? How 

did you cope with it?

• What are the sources of students’ alternative conceptions and likely 

learning difficulties in learning? Please describe.

• What are the aspects of the topic that difficult for students to learn?

Questions for probing knowledge of instructional strategies for teaching

physics

Knowledge of topic-specific instructional strategies

• What are the teaching strategies that you employed? Why did it have 

been selected?

• What are the effects of those employed teaching strategies on the 

teaching and learning? Please describe.

• In your view, what are strengths and weaknesses of those employed 

teaching strategies in teaching? Please describe.

• What are the problems related to those employed teaching strategies 

in teaching? How do you solve it?



314

• In your opinion, were those employed teaching strategies 

appropriate to teaching objectives, physics content, curriculum, 

students’ backgrounds and assessment methods and context? Please 

describe.

Questions for probing knowledge of assessment in physics

Knowledge of dimensions of physics learning to assess

• What are the aspects of students’ learning in force and motion that 

are important to access?

• What is the evidence of learning outcomes that you captured?

Knowledge of methods of assessment in physics

• What are methods you employed to assess students’ learning? Why 

did you choose those methods?

• Did those methods of assessment are appropriate with content, 

students and context? Please describe.

• What are the advantage and disadvantage of those methods of 

assessment? Please describe.

Summarizing questions

• Did your lesson plan fit with the actual teaching? Why?

• In your view, what is the strength and weakness of your teaching in this 

topic? Why?

• Are there any parts of teaching that you want to improve or change? Why 

do you want to improve or change it?

• What the important thing did you learn from your teaching? What are the 

causes of that leaning or change?

• What is aspect that you will improve in the next teaching? Why and How?

• How does the knowledge from the PCK-based Physics Methods Course 

incorporate into your teaching in this lesson?
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The Guideline of Semistructured Interview with

Cooperating Teacher and University Supervisor

Description

The interviews with the cooperating teacher and university supervisor were

conducted at least two times during the teaching practice, that is, at the middle and the

end of the teaching practice. The sequence of questions used is set, but it is flexible to

be changed depending on the situation. The researcher asked the cooperating teacher

or the university supervisor to give his/her feedback and reflect on his/her supervised

preservice physics teachers’ PCK with respect to the five major knowledge

components of PCK: (i) orientations toward teaching physics; (ii) knowledge of

science curriculum with respect to physics; (iii) knowledge of students’ understanding

in physics; (iv) knowledge of instructional strategies for teaching physics; and (v)

knowledge of assessment in physics.

Questions for probing orientations toward teaching physics

• In your opinion, what are the preservice physics teacher’s purposes of 

teaching physics of? Please describe

Questions for probing knowledge of science curriculum with respect to 

physics

Knowledge of goals and objectives in teaching physics

• In your opinion, can the preservice physics teacher understand the 

important concepts, attitudes and skills in this physics topic for 

students to learn that mentioned in the National Science Curriculum

Standards? Please describe.
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Knowledge of curricular materials in teaching physics

• Can the preservice physics teacher manage and employ the

curricular materials and resources to help students learn? Please

describe.

Questions for probing knowledge of students’ understanding in physics

Knowledge of requirements in learning physics

• Can the preservice physics teacher understand students’ prerequisite 

knowledge, abilities and skills for learning physics? Please describe.

Knowledge of areas of difficulties in learning physics

• Do you think the preservice physics teachers can understand 

students’ characteristics and preconceptions and utilize them in their 

teaching? Please describe.

• Can the preservice physics teacher cope with students’ alternative 

conceptions and learning difficulties? Please describe.

Questions for probing knowledge of instructional strategies for teaching 

physics

Knowledge of subject-specific instructional strategies

• Can you describe the preservice physics teacher’s utilization of 

constructivist teaching strategies for teaching physics in general?

Knowledge of topic-specific instructional strategies

• Can the preservice physics teacher utilize constructivist teaching 

strategies for teaching a particular physics topic? Please describe or 

give an example.
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• In your opinion, were those employed teaching strategies 

appropriate to teaching objectives, physics content, curriculum, 

students’ backgrounds and assessment methods and context ? Please 

describe.

• What are strengths and weaknesses of the preservice physics 

teacher’s teaching strategies?

Questions for probing knowledge of assessment in physics

Knowledge of dimensions of physics learning to assess

• In your view, can the preservice physics teacher understand the 

aspects of students’ learning in this physics topic that are important 

to assess? Please describe.

Knowledge of methods of assessment in physics

• In your view, can the preservice physics teacher employ appropriate 

assessment methods? Please describe.

• Can the preservice physics teacher understand the strength and 

weakness of each assessment method?

Summarizing questions

• In your view, to what extent and in what way did the preservice physics 

teacher develop his or her teaching? Please describe.

• What is the strength and weakness of the preservice physics teacher’s 

teaching? What is the cause of that strength and weakness?

• Did you find the difficulties for the preservice physics teacher in teaching? 

Please describe.
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Appendix Table C1  Summary of Teaching and Learning in Julie’s Lesson Plans

Teaching and learningLesson plan
Teaching
objective

Teaching Assessment

1.1 Density
and pressure
of fluid

• Be able to
explain
concepts of
density and
pressure

Introduction
• Raise situation – putting stone in glass of water
Teaching
• Group activity – observe and explain water coming

from perforated bottle of water
Conclusion
• Students conclude key concepts and ask questions
• Teacher praises students’ good behaviors

• Observe
students’
discussion,
questioning-
answering

• Check
students’
exercise

1.2 Pressure
and depth of
fluid

• Be able to
explain,
summarize
and do
experiment
of pressure
depending on
depth of fluid

Introduction
• Review prior knowledge of pressure of fluid
• Raise situation – pained ear from diving
Teaching
• Group activity – pressure depending on depth of fluid
• Students present results and discuss
Conclusion
• Students conclude key concepts and ask questions
• Teacher praises students’ good behaviors

• Observe
students’
participation,
questioning-
answering
and
cooperation

1.3 Pressure
measurement
instrument

• Be able to
explain
pressure
measurement
instrument

• Apply
knowledge in
calculating
force acting
on retaining
wall

Introduction
• Review prior knowledge of pressure depending on

depth of fluid
• Ask students to raise examples of pressure

measurement instruments
Teaching
• Students do group presentation – each type of

pressure measurement instruments
• Students discuss and do worksheet
Conclusion
• Students conclude key concepts and ask questions
• Teacher praises students’ good behaviors

• Observe
students’
intention,
questioning-
answering
and express
of moral

1.4 Pascal’s
law and
hydraulic
machine

• Be able to
explain and
apply
Pascal’s law

• Be able to
explain
principles of
hydraulic
machine

Introduction
• Review prior knowledge of pressure measurement

instrument and pressure in everyday life
Teaching
• Experiment – Pascal’s law
• Students conclude results
Conclusion
• Students conclude key concepts and ask questions
• Teacher praises students’ good behaviors

• Observe
students’
intention

• Check
students’
results and
exercise
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Appendix Table C1  (Continued)

Teaching and learningLesson plan
Teaching
objective

Teaching Assessment

1.5 Buoyant
force and
Archimedes’
principle

• Be able to
explain
Buoyant
force and
Archimedes’
principle

• Apply
knowledge in
solving
related
problems

Introduction
• Review prior knowledge of Pascal’ s law and

hydraulic machine
• Raise situation – floating boat and swimmer
Teaching
• Experiment – Buoyant force
• Students conclude results and do worksheet
Conclusion
• Students conclude key concepts and ask questions
• Teacher praises students’ good behaviors

• Observe
students’
discussion,
questioning-
answering
and
cooperation

• Check
students’
exercise

1.6 Surface
tension

• Be able to
explain and
apply surface
tension

Introduction
• Review prior knowledge of Buoyant force and

Archimedes’ principle
• Raise situation – bug climbing, and blade floating, on

water
Teaching
• Experiment  – Surface tension
Conclusion
• Students conclude key concepts and ask questions
• Teacher praises students’ good behaviors

• Observe
students’
discussion,
questioning-
answering
and
cooperation

•  Check
students’
exercise

1.7 Viscosity
and fluid
dynamics

• Be able to
explain
Viscosity and
fluid
dynamics

Introduction
• Raise situation – stirring water, milk and milk syrup
Teaching
• Teacher explains viscosity and viscous force
• Demonstration – dropping metal ball in lubricant –

and ask questions
Conclusion
• Students conclude key concepts and ask questions
• Teacher praises students’ good behaviors

• Observe
students’
discussion,
questioning-
answering
and express
of moral

•  Check
students’
exercise

1.8
Bernoulli’s
equation

• Be able to
explain and
apply
Bernoulli’s
equation

Introduction
• Review prior knowledge of pressure of fluid
• Raise situation – watering trees
Teaching
• Experiment  – Bernoulli’s equation
Conclusion
• Students conclude key concepts and ask questions
• Teacher praises students’ good behaviors

• Observe
students’
discussion,
questioning-
answering
and express
of moral

•  Check
students’
exercise
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Appendix Table C1  (Continued)

Teaching and learningLesson plan
Teaching
objective

Teaching Assessment

2.1
Temperature
and heat
transfer

• Be able to
explain
temperature
and heat
transfer

Introduction
• Raise situation – cold and hot weather
Teaching
• Teacher distributes worksheet
• Students do experiment – temperature and heat

transfer – and discuss
Conclusion
• Students conclude key concepts and ask questions
• Teacher praises students’ good behaviors

• Observe
students’
questioning-
answering and
express of
moral

•  Check
students’
exercise

2.2 State and
change of
state

• Be able to
explain states
of matter

• Be able to
calculate heat
capacity and
energy for
change of
states

Introduction
• Raise situation – ice changing to steam
Teaching
• Teacher distributes worksheet
• Demonstration – ice changing to steam
• Students explain, discuss and ask questions
Conclusion
• Students conclude key concepts and ask questions
• Teacher praises students’ good behaviors

• Observe
students’
discussion,
questioning-
answering and
express of
moral

• Check
students’
exercise

2.3 Ideal gas • Be able to
explain
Boyle’s and
Charles’ laws
and law of
gas

Introduction
• Ask questions concerning volume, pressure and

temperature of gas
Teaching
• Experiment  – Boyle’s and Charles’ laws
• Students conclude results and raise related everyday

examples
Conclusion
• Students conclude key concepts and ask questions
• Teacher praises students’ good behaviors

• Observe
students’
discussion,
questioning-
answering and
express of
moral

• Check
students’
exercise

2.4 Kinetic
theory of gas

• Be able to
explain
relationship
between
pressure and
kinetic
energy of
molecules of
gas

Introduction
• Review prior knowledge of states of matter
Teaching
• Demonstration – kinetic theory of gas
• Teacher explains kinetic theory of gas
Conclusion
• Students conclude key concepts and ask questions
• Teacher praises students’ good behaviors

• Observe
students’
discussion,
questioning-
answering and
express of
moral

• Check
students’
exercise
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Appendix Table C1  (Continued)

Teaching and learningLesson plan
Teaching
objective

Teaching Assessment

2.5 Internal
energy

• Be able to
explain and
calculate
internal
energy

Introduction
• Review prior knowledge of kinetic energy and

temperature
Teaching
• Teacher shows pictures of giving work to system

and system working, asks questions and explain
equations

Conclusion
• Students conclude key concepts and ask questions
• Teacher praises students’ good behaviors

–

3.1 Energy
transfer of
wave

• Be able to
explain
energy
transfer of
wave

• Be able to
calculate
period and
frequency
and velocity
of wave

Introduction
• Raise situation – throwing stone into water, shaking

spring vertically and pressing spring horizontally
Teaching
• Students do worksheet on energy transfer of wave
• Teacher explains energy transfer of wave
Conclusion
• Students conclude key concepts, raise examples and

ask questions
• Teacher praises students’ good behaviors

• Observe
students’
discussion,
questioning-
answering

• Check
students’
exercise

3.2 Wave
reflection

• Be able to do
experiment
of wave
reflection

• Be able to
explain and
raise
examples
concerning
law of wave
reflection

Introduction
• Review prior knowledge of wave
• Teacher asks question – what happen when wave

being obstructed
Teaching
• Students (low, medium and high achievement) are

asked to group and do experiment of wave reflection
• Teacher distributes one question to each group to

give answer
Conclusion
• Students conclude key concepts and ask questions
• Teacher praises students’ good behaviors

• Observe
students’
discussion,
questioning-
answering and
express of
moral

• Check
students’
exercise
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Appendix Table C1  (Continued)

Teaching and learningLesson plan
Teaching
objective

Teaching Assessment

3.3 Wave
refraction

• Be able to do
experiment
of wave
refraction
and calculate
related
quantities

• Be able to
tell law of
wave
refraction

Introduction
• Review prior knowledge of wave reflection
• Teacher asks question – what happen when wave

moving from shallow to deep water
Teaching
• Students (low, medium and high achievement) are

asked to group and do experiment of wave refraction
• Teacher distributes one question to each group to

give answer
Conclusion
• Students conclude key concepts and ask questions
• Teacher praises students’ good behaviors

• Observe
students’
discussion,
questioning-
answering and
express of
moral

• Check
students’
exercise

3.4 Wave
interference

• Be able to
explain and
do
experiment
of wave
interference

• Be able to
apply
knowledge in
solving
related
problems

Introduction
• Review prior knowledge of wave reflection and

refraction
• Teacher asks question – what happen when two

waves colliding
Teaching
• Students (low, medium and high achievement) are

asked to group and do experiment of wave refraction
• Teacher distributes one question to each group to

give answer
Conclusion
• Students conclude key concepts and ask questions
• Teacher praises students’ good behaviors

• Observe
students’
discussion,
questioning-
answering and
express of
moral

• Check
students’
exercise

3.5 Wave
diffraction

• Be able to
explain and
do
experiment
of wave
diffraction

• Be able to
tell
differences
of wave
moving
through
different slits

Introduction
• Review prior knowledge of wave reflection,

refraction and interference
• Teacher asks question – what happen when wave

moving through slit
Teaching
• Students (low, medium and high achievement) are

asked to group and do experiment of wave refraction
• Teacher distributes one question to each group to

give answer
Conclusion
• Students conclude key concepts and ask questions
• Teacher praises students’ good behaviors

• Observe
students’
discussion,
questioning-
answering and
express of
moral

• Check
students’
exercise



324

Appendix Table C2  Sequences, Strengths and Weaknesses of Julie’s Teaching

Topic Teaching sequence Strength Weakness
Pressure
measurement
instrument

• Two groups of students
present studies of pressure
measurement instruments

• Teacher demonstrates blood
pressure measurement

• Teacher raises two
examples

• Students predict-observe-
explain (POE) situation –
overturning cup of water
covered with paper

• Students do exercises

• Teacher tries to link
concepts taught with
students’ everyday
experiences

• Teacher conducts
interesting demonstration

• Teacher concludes
lesson quickly by
themselves

• Students take less
participation in
demonstration

• Teacher uses lower-
thinking questions

• Teacher emphasizes
students’ understanding
of equations rather than
key concepts

Buoyant force
and surface
tension

• Teacher gives answer of
assigned exercises

• Teacher raises situations –
buck climbing on water and
floating blade

• Students do experiment –
surface tension

• Teacher demonstrates –
putting coins into water and
putting coin at middle of
two cups of water

• Students do exercise

• Teacher raises a variety
of interesting situations
and demonstrations to
help students understand
targeted concepts

•  Students have first-hand
experience from
participating in activities

• Students have less
opportunities to
concludes concepts by
themselves

• Teacher gives students
definitions of scientific
terms rather than let
students understand by
themselves

Fluid
dynamics (I)

• Teacher raises situation –
watering a tree

• Teacher asks questions
related to, and explains,
fluid dynamic and ideal
fluid

• Students do exercises

• Teacher creates learning
atmosphere that make
students feel comfortable
to teacher

• Teacher use few teaching
materials

• Lack of preparation of
content and activities

• Teacher uses symbols v
(velocity) and V
(volume)
interchangeably that can
make students confuse

Fluid
dynamics (II)

• Teacher reviews prior
knowledge of fluid dynamic

• Teacher lecture by using
transparencies

• Teacher raises examples
related to Bernoulli’s
principle

• Students do exercises
• Teacher assigns exercises

• Teacher review student
prior knowledge

• Teacher raises various
everyday situations
related to targeted
concepts

• Students pay attention
to transparencies rather
than what teacher
explains

• Teacher use too small
letters in transparencies

• Teacher strongly
emphasizes student
memorization of
equations
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Topic Teaching sequence Strength Weakness
Wave (I) • Teacher reviews prior

knowledge of wave
superposition

•  Students use wave spring to
demonstrate wave reflection

• Teacher and students
conclude concepts

• Teacher gives example and
assigns exercises

• Teacher review student
prior knowledge

• Teacher well uses
teaching material to
represent wave reflection

• Students take part in
demonstration

• Students conclude
concepts by themselves

• Teacher lacks of
confidence in content

• Teacher explains some
concepts unclear

Wave (II) • Teacher reviews prior
knowledge of water wave

• Teacher lectures topic of
components of wave

• Teacher raises example
• Teacher use ripple tank to

demonstrate wave pulse
• Teacher raises example

• Teacher tries to link
targeted concepts with
student everyday
experience

• Teacher can utilize
students’ answers

• Lack of linkage between
student prior knowledge
and concepts intended
to teach
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Appendix Table C3  Summary of Teaching and Learning in Mark’s Lesson Plans

Teaching and learningLesson plan
Teaching
objective

Teaching Assessment

1.1
Introduction
to physics

• Explain
meanings and
relationships
of physics,
science and
technology

• Has positive
attitudes to
learning
physics

Introduction
• Teacher asks question – What’s technology?
• Students raise examples of natural phenomena and

explain them
Teaching
• Teacher explains meanings of physics, science and

technology
Conclusion
• Students discuss advantages from physics experiments

to recognize importance and usefulness of physics and
ask questions

• Observe
students’
participation,
answering,
discussion
and opinions

• Check
students’
exercise

1.2 Physical
quantity

• Know physical
quantity and
SI unit

• Specify base
and derived
units and
prefix

Introduction
• Students raise examples of quantities in everyday life

and their units
Teaching
• Teacher explains quantities students answered and their

SI units
• Teacher explain how to transform units into SI units
Conclusion
• Students discuss changing units into SI units and using

prefix
• Teacher concludes lesson

• Observe
students’
participation,
answering,
discussion
and opinions

• Check
students’
exercise and
worksheet

1.3 Errors in
measurement
and
significant
figure

• Recognize
nature of
measurement

• Approximate
errors of
measurement

• Explain
significant
figure and
apply in
recording data

Introduction
• Group activity – using ruler, meter-rule and meter-case

in measuring length and height of table and discuss
Teaching
• Teacher explains meanings of error and its origination

and significant figure
• Experiment – measuring density of PVC
Conclusion
• Students discuss and conclude results
• Teacher concludes lesson

• Observe
students’
participation,
answering,
discussion
and opinions

• Check
students’
results of
experiment
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Teaching and learningLesson plan
Teaching
objective

Teaching Assessment

1.4 Data
interpretation

• Do simple
experiment,
show data,
analyze data
with
mathematics
and present
data by graph

Introduction
• Students explain meanings of data recording and data

interpretation
Teaching
• Teacher explains using X-Y graph and parabola and

hyperbola graphs
• Teacher raises examples of graphs from physics

experiments
Conclusion
• Teacher concludes lesson

• Observe
students’
participation,
answering,
discussion
and opinions

2.1 Position,
distance and
displacement

• Tell position
of objects in
straight line
and frame of
reference

• Explain
meanings of
distance and
displacement

• Use vectors to
specify
displacement
of objects

Introduction
• Students divide in 10-person groups and write maps to

their houses
• Students present maps and approximate distance to

peers’ houses
Teaching
• Teacher and students discuss maps
• Teacher explains about position, distance and

displacement
• Group activity – finding things from their frame of

reference using vectors to specify displacement of
objects

Conclusion
• Teacher and students discuss frame of reference
• Teacher and students conclude difference of distance

and displacement and using vectors to specify
displacement of objects

• Observe
students’
participation,
answering,
discussion
and opinions

• Check
students’
worksheet
and test

2.2 Speed
and velocity

• Explain
meanings of
speed and
velocity

• Use ticker
timer to
measure
velocity of
object

Introduction
• Teacher asks question – What’s difference of speed and

velocity?
Teaching
• Teacher explains difference of speed and velocity
• Experiment – using ticker timer to measure velocity of

object
Conclusion
• Teacher and students concludes results

• Observe
students’
participation,
answering,
discussion
and opinions

• Check
students’
results of
experiment
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Teaching and learningLesson plan
Teaching
objective

Teaching Assessment

2.3
Acceleration

• Explain
meaning of
acceleration

• Specify
acceleration of
free fall

• Explain s-t
graph of free
fall

Introduction
• Teacher asks question – What’s acceleration?
• Students explain distance, displacement, speed,

velocity and acceleration and their relationships
Teaching
• Teacher explains more about acceleration
• Experiment – acceleration of free fall
Conclusion
• Teacher and students concludes results

• Observe
students’
participation,
answering,
discussion
and opinions

• Check
students’
results of
experiment

2.4
Relationships
between
velocity-time
(v-t) and
displacement
-time (s-t)

• Explain
acceleration
from v-t graph

• Explain
velocity from
s-t graph

• Specify
distance and
displacement
of objects
moving in
straight line

• Use v-t graph
to specify
equations of
motion

Introduction
• Students explain graph of free fall
Teaching
• Teacher explain more about graph of free fall
• Teacher raises examples of graphs of motion and asks

students to explain their motion
• Students find out four equations of motion
Conclusion
• Teacher and students discuss all graphs
• Teacher and students conclude four equations of

motion

• Observe
students’
participation,
answering,
discussion
and opinions

• Check
students’
exercise

2.5
Application
of equations
of motion

• Apply
equations of
motion in
solving related
problems

Introduction
• Students explain four equations of motion and specify

their origins
Teaching
• Students do exercises related to one-dimensional and

two-dimensional motion
Conclusion
• Teacher gives answers
• Teacher and students concludes what equation of

motion should be used with what kind of problems

• Observe
students’
participation,
answering,
discussion
and opinions

• Check
students’
exercise
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Teaching and learningLesson plan
Teaching
objective

Teaching Assessment

3.1 Force • Explain
meanings of
force and net
force

• Specify
direction and
magnitude of
net force

Introduction
• Teacher raises situation – car accident – and asks

students – What’s physical quantity related to car
accident?

Teaching
• Teacher explains physical quantities related to car

accident e.g. velocity, friction and action force
• Demonstration – dropping clays from different heights
• Teacher explains force and net force
• Students do worksheet on direction and magnitude of

net force of objects
Conclusion
• Teacher gives answers of worksheet
• Teacher concludes how to specify direction and

magnitude of net force of objects

• Observe
students’
participation,
answering,
discussion
and opinions

• Check
students’
worksheet

3.2 Newton’s
first law of
motion

• Conclude
Newton’s first
law of motion

• Tell
relationship of
force, velocity
and mass in
case of
constant
velocity
motion

• Solve related
problems

Introduction
• Students discuss what happen with objects moving with

constant velocity
Teaching
• Experiment – Newton’s first law of motion
• Students explain relationship of force, velocity and

mass
Conclusion
• Teacher and students conclude Newton’s first law of

motion

• Observe
students’
participation,
answering,
discussion
and opinions

• Check
students’
results of
experiment,
worksheet
and exercise

3.3 Newton’s
second law of
motion

• Conclude
Newton’s
second law of
motion

• Tell
relationship of
force, mass
and
acceleration in
case of
accelerated
motion

• Solve related
problems

Introduction
• Students discuss what happen with objects moving with

acceleration
Teaching
• Experiment – Newton’s second law of motion
• Students explain relationship of force, mass and

acceleration
Conclusion
• Teacher and students conclude Newton’s second law of

motion

• Observe
students’
participation,
answering,
discussion
and opinions

• Check
students’
results of
experiment,
worksheet
and exercise



330

Appendix Table C3  (Continued)

Teaching and learningLesson plan
Teaching
objective

Teaching Assessment

3.4 Newton’s
third law of
motion

• Conclude
Newton’s third
law of motion

Introduction
• Demonstration – dropping table-tennis ball
• Teacher asks question – Why did table-tennis ball

bounce up into air?
Teaching
• Experiment – action-reaction force
• Students discuss and conclude Newton’s third law of

motion
Conclusion
• Teacher and students conclude Newton’s third law of

motion

• Observe
students’
participation,
answering,
discussion
and opinions

3.5 Weight • Explain
gravity acting
on objects and
weight

Introduction
• Students discuss about force acting on objects falling

with acceleration g
Teaching
• Students explain meaning of weight and raise examples
Conclusion
• Teacher and students conclude lesson

• Observe
students’
participation,
answering,
discussion
and opinions

3.6 Newton’s
law of mass-
mutual force

• Explain
Newton’s law
of mass-
mutual force

• Specify
relationship of
acceleration
and distance
from earth

Introduction
• Students discuss about why planets orbit around sun
Teaching
• Teacher explains orbits of planets
• Students do worksheet
Conclusion
• Teacher gives answers
• Teacher concludes lesson

• Observe
students’
participation,
answering,
discussion
and opinions

• Check
students’
worksheet

3.7 Center of
mass and
gravity

• Tell meanings
of, and
specify, center
of mass and
gravity

Introduction
• Group activity – pushing sand bag and pencil box at

different positions
• Teacher asks question – In what position a push did not

make objects rotate?
Teaching
• Students discuss about relationship of center of gravity

and weight
Conclusion
• Teacher and students conclude lesson

• Observe
students’
participation,
answering,
discussion
and opinions

• Check
students’
worksheet
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Teaching and learningLesson plan
Teaching
objective

Teaching Assessment

3.8 Friction
force

• Specify
direction and
magnitude of
friction

• Specify
relationship of
force and
weight

• Specify
difference of
static and
kinetic friction

Introduction
• Teacher raises situation – walking on slippery floor
Teaching
• Students explain meaning of friction
• Experiment – friction force
• Students categorize types of friction
Conclusion
• Teacher concludes experiment and types of friction

• Observe
students’
participation,
answering,
discussion
and opinions

• Check
students’
results of
experiment
and exercise

3.9
Application
of Newton’s
laws of
motion

• Apply
Newton’s laws
of motion in
solving related
problems

Introduction
• Students discuss topics learned – mass, force and

Newton’s laws of motion
Teaching
• Students do exercise related to Newton’s laws of

motion
Conclusion
• Teacher and students give answers of exercise

• Observe
students’
participation,
answering,
discussion
and opinions

• Check
students’
exercise

4.1 Projectile
motion

• Explain
meaning and
characteristic
of projectile
motion

• Explain
relationship of,
and calculate,
quantities
related to
projectile
motion

Introduction
• Demonstration – passing balls from one person to

another in projectile path
• Group activity – projectile gun
Teaching
• Teacher and students conclude activity
• Experiment – projectile motion
• Teacher and students specify equations of projectile

motion
• Students do exercise
Conclusion
• Teacher and students give answers of exercise and

conclude lesson

• Observe
students’
participation,
answering,
discussion
and opinions

• Check
students’
results of
experiment
and exercise
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Teaching and learningLesson plan
Teaching
objective

Teaching Assessment

4.2 Circular
motion

• Explain
circular
motion

• Specify
relationship of
force, radius,
mass and
angular speed

• Apply
knowledge in
explaining
objects in
circular
motion (e.g.,
satellite)

Introduction
• Teacher shows picture of objects moving in circular
• Students explain objects moving in circular
Teaching
• Group activity – rotating object tied with rope in

circular
• Demonstration – metal ball moving in circular
• Students do exercise
• Teacher explains quantities related to circular motion
Conclusion
• Teacher and students conclude lesson

• Observe
students’
participation,
answering,
discussion
and opinions

• Check
students’
results of
experiment
and exercise

4.3 Simple
harmonic
motion

• Explain simple
harmonic
motion (SHM)

• Explain
relationship of,
and calculate,
quantities
related to
SHM

Introduction
• Demonstration – pushing and pulling car tied with

spring
Teaching
• Teacher explains SHM
• Students do exercise
Conclusion
• Teacher and students conclude quantities related to

SHM

• Observe
students’
participation,
answering,
discussion
and opinions

• Check
students’
exercise
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Topic Teaching sequence Strength Weakness
Position,

distance and
displacement

• Students give answers of
exercises assigned in
previous class

• Teacher asks questions
until students get
concepts or formula

• Students do exercises

• Emphasize students applying
knowledge in daily lives and
experiment skills

• Less wait-time
• Not utilize students’

answers
• Use lower-thinking

questions
• Not clearly explain

and give answers

Speed and
velocity

• Teacher explains and
demonstrates experiment

• Students do experiment
and conclude

• Students do exercises

• Students have fun and are
active in doing experiment

• Emphasize students applying
knowledge in daily lives,
experiment skills and
cooperative learning

• Prepare content and
experiment well

• Neglect danger from
electric devices

• Not require students
discuss and present
results of experiment

• Lack of introduction
stage

Acceleration • Teacher explains
experiment

• Students do experiment
and conclude

• Students do exercises

• Review students’ prior
knowledge

• Emphasize students’ first-hand
experience and cooperative
working

•  Discuss with students about
errors of experiment

•  Prepare content and
experiment well

• Not require students
present results of
experiment

• Many errors occurred
in experiment

Newton’s
first law of

motion

• Teacher explains
experiment

• Students do experiment
and conclude

• Students do exercises

• Explain experiment clearly
• Emphasize students’ first-hand

experience and cooperative
working

• Recognize causes of errors of
experiment

• Pay attention to individual
student thinking

• Not require students
discuss and present
results of experiment

• Students conclude
results of experiment
individually

• Not use well-
organized questions

Application
of Newton’s

laws of
motion

• Teacher review student
prior knowledge

• Teacher raises examples
of applying Newton’s
laws

• Students take end-of-
chapter test

• Review students’ prior
knowledge

• Emphasize students applying
knowledge in daily lives

• Speak quickly
• Less preparation of

content
• Use lecture-type

teaching style—lack of
student participation
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Teaching and learningLesson plan
Teaching objective Teaching Assessment

1.1 Motion in
straight line

• Explain motion of
objects in straight
line

• Investigate,
examine and
analyze motion of
objects in straight
line

• Apply knowledge of
motion in straight
line in explaining
everyday
phenomena

• Work cooperatively
in group

Introduction
• Teacher shows pictures of kinds of motion and

asks students to explain
• Each student raises 10 examples of motion in

straight line
Teaching
• Student group and collect examples of motion in

straight line and categorize them
• Experiment – average speed
• Students present results and discuss
• Teacher distributes note of motion in straight line
• Students do exercises
Conclusion
• Teacher and students conclude lesson together

• Observe
students’
participation,
questioning-
answering,
discussion
and express
of moral

• Check
students’
exercise and
worksheet

1.2 Projectile
motion

• Explain motion of
objects in projectile

• Investigate,
examine and
analyze motion of
objects in projectile

• Apply knowledge of
projectile motion in
explaining everyday
phenomena

• Work cooperatively
in group

Introduction
• Predict-Observation-Explanation (POE) of

situation – using two rulers and two coins to
demonstrate projectile motion

Teaching
• Experiment – projectile motion
• Students present results and discuss
• Teacher distributes note of projectile motion
• Students do exercises
Conclusion
• Teacher and students conclude lesson together

• Observe
students’
participation,
questioning-
answering,
discussion
and express
of moral

• Check
students’
exercise and
worksheet

1.3 Circular
motion

• Explain motion of
objects in circular

• Investigate,
examine and
analyze motion of
objects in circular

• Apply knowledge of
circular motion in
explaining everyday
phenomena

• Work cooperatively
in group

Introduction
• Teacher review student prior learning
• Teacher asks question concerning objects moving

in curve
Teaching
• Experiment – circular motion in horizontal plane
• Students present results and discuss
• Teacher distributes note of circular motion
• Students do exercises
Conclusion
• Teacher and students conclude lesson together

• Observe
students’
participation,
questioning-
answering,
discussion
and express
of moral

• Check
students’
exercise and
worksheet
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Teaching and learningLesson plan
Teaching objective Teaching Assessment

1.4 Simple
harmonic
motion
(SHM)

• Explain motion of
objects in SHM

• Investigate,
examine and
analyze motion of
objects in SHM

• Apply knowledge of
SHM in explaining
everyday
phenomena

• Work cooperatively
in group

Introduction
• Teacher review student prior learning
• Students raise examples of objects moving or

swinging forth and back constantly
Teaching
• Experiment – SHM
• Students present results and discuss
• Teacher distributes note of SHM
• Students do exercises
Conclusion
• Teacher and students conclude lesson together

• Observe
students’
participation,
questioning-
answering,
discussion
and express
of moral

• Check
students’
exercise and
worksheet

2.1 Magnetic
field

• Explain magnetic
field

• Investigate,
examine and
analyze magnetic
field

• Apply knowledge of
magnetic field in
explaining everyday
phenomena

• Work cooperatively
in group

Introduction
• Teacher review student prior learning
• Teacher asks students to observe steel clip and

roundheaded pin placing near magnet
Teaching
• Experiment 1 – lines of magnetic field
• Experiment 2 – constant magnetic field
• Experiment 3 – Earth magnetic field
• Students present results and discuss
• Teacher distributes note of magnetic field
• Students do exercises
Conclusion
• Teacher and students conclude lesson together

• Observe
students’
participation,
questioning-
answering,
discussion
and express
of moral

• Check
students’
exercise and
worksheet

2.2 Electric
field

• Explain electric
field

• Investigate,
examine and
analyze electric
field

• Apply knowledge of
electric field in
explaining everyday
phenomena

Introduction
• Teacher review student prior learning
Teaching
• Teacher distributes note of electric field
• Demonstration – electric field of negative and

positive charges
• Students present results and discuss
• Teacher distributes note of electric field
• Students do exercises
Conclusion
• Teacher and students conclude lesson together

• Observe
students’
participation,
questioning-
answering,
discussion
and express
of moral

• Check
students’
exercise and
worksheet
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Teaching and learningLesson plan
Teaching objective Teaching Assessment

2.3
Gravitational
field

• Explain
gravitational field

• Investigate,
examine and
analyze
gravitational field

• Apply knowledge of
gravitational field in
explaining everyday
phenomena

• Work cooperatively
in group

Introduction
• Teacher review student prior learning
• Demonstration – dropping objects
Teaching
• Experiment – motion of objects in gravitational

field
• Students present results and discuss
• Teacher distributes note of gravitational field
• Students do exercises
Conclusion
• Teacher and students conclude lesson together

• Observe
students’
participation,
questioning-
answering,
discussion
and express
of moral

• Check
students’
exercise and
worksheet

3.1
Mechanical
wave

• Explain mechanical
wave

• Investigate,
examine and
analyze mechanical
wave

• Apply knowledge of
mechanical wave in
explaining everyday
phenomena

• Work cooperatively
in group

Introduction
• Teacher review student prior learning
• Demonstration – dropping stone into water in

bowl
Teaching
• Experiment – characteristics of mechanical wave
• Students present results and discuss
• Teacher distributes note of mechanical wave
• Students do exercises
Conclusion
• Teacher and students conclude lesson together

• Observe
students’
participation,
questioning-
answering,
discussion
and express
of moral

• Check
students’
exercise and
worksheet

3.2
Components
of wave

• Explain components
of wave

• Investigate,
examine and
analyze components
of wave

• Apply knowledge of
components of
wave in explaining
everyday
phenomena

• Work cooperatively
in group

Introduction
• Teacher review student prior learning
• Group activity – shaking wave spring vertically

and pressing wave spring horizontally
Teaching
• Group activity – designing components of wave
• Students present designs and discuss
• Teacher distributes note of components of wave
• Students do exercises
Conclusion
• Teacher and students conclude lesson together

• Observe
students’
participation,
questioning-
answering,
discussion
and express
of moral

• Check
students’
exercise and
design
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Teaching and learningLesson plan
Teaching objective Teaching Assessment

3.3 Properties
of wave

• Explain properties
of wave

• Investigate,
examine and
analyze properties
of wave

• Apply knowledge of
properties of wave
in explaining
everyday
phenomena

• Work cooperatively
in group

Introduction
• Teacher review student prior learning
• Students raise examples of wave in daily lives
Teaching
• Experiment – properties of wave
• Students present results and discuss
• Teacher distributes note of properties of wave
• Students do exercises
Conclusion
• Teacher and students conclude lesson together

• Observe
students’
participation,
questioning-
answering,
discussion
and express
of moral

• Check
students’
exercise and
worksheet

3.4 Sound and
hearing

• Explain source and
nature of sound

• Investigate,
examine and
analyze source and
nature of sound

• Apply knowledge of
source and nature of
sound in explaining
everyday
phenomena

• Work cooperatively
in group

Introduction
• Teacher review student prior learning
• Group activity – “simple phone”: tying two cans

with rope and speaking to each other
Teaching
• Experiment – sounds in local context
• Students present results and discuss
• Group activity – discussing pictures of sound

wave from various sources
• Students discuss
• Teacher distributes note of source and nature of

sound
• Students do exercises
Conclusion
• Teacher and students conclude lesson together

• Observe
students’
participation,
questioning-
answering,
discussion
and express
of moral

• Check
students’
exercise and
worksheet

3.5 Electro
magnetic
wave

• Explain
electromagnetic
field

• Investigate,
examine and
analyze
electromagnetic
field

• Apply knowledge of
electromagnetic
field in explaining
everyday
phenomena

• Work cooperatively
in group

Introduction
• Teacher review student prior learning
Teaching
• Group activity – searching information about

electromagnetic field
• Students present results and discuss
• Teacher distributes note of electromagnetic field
• Students do exercises
Conclusion
• Teacher and students conclude lesson together

• Observe
students’
participation,
questioning-
answering,
discussion
and express
of moral

• Check
students’
exercise and
worksheet



338

Appendix Table C6  Sequences, Strengths and Weaknesses of Cathy’s Teaching

Topic Teaching sequence Strength Weakness
Motion in

straight line
• Review prior knowledge of

Newton’s laws
• Students study note of motion in

straight line
• Teacher asks questions
• Students do exercise
• Teacher assigns homework

• Review student
prior learning

• State SI units of all
physical quantities
appeared in exercise

• Teacher pays less attention
to groups of students at back
of class

• Teacher has
misunderstanding about
definitions of speed and
velocity

• Teacher raises too difficult
example

• Students pay less attention
to learning

Projectile
motion (I)

• Review prior knowledge of
speed, velocity and acceleration

• Students predict-observe-
explain (POE) situation of
projectile motion

• Teacher explains equations of
projectile motion and raises
example

• Teacher assigns homework

• Review student
prior learning

• POE activity raises
student attention in
learning

• Some groups of students,
especially at back of class,
did not pay attention to
learning

Projectile
motion (II)

• Review prior knowledge of
projectile motion

• Teacher gives answer of
homework

• Students do more exercises

• Review student
prior learning

• Emphasize student
mathematics ability

• Teacher does not pay
attention to all students

• Teacher does not warn
misbehavior students

• Students pay less attention
to learning

• Students rarely answer
questions; teacher answers
by herself

Magnetic
field

• One group of students presents
study of energy

• Teacher lectures topic of
magnetic filed by using
transparencies

• Teacher raises examples of
application of magnetic field

• Emphasize
application of
knowledge of
magnetic field in
real life situations

• Teacher cannot notice
student misunderstanding
(i.e., Ep = Wgh)

• Teacher does not warn
misbehavior students

• Students pay less attention
to learning
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Topic Teaching sequence Strength Weakness
Mechanical

wave
• Teacher raises situation –

dropping stone into water
• Students do group activity –

using wave spring to show
transverse and longitudinal
waves

• Teacher lectures topics of
components and properties of
wave by using transparencies

• Students use wave interference
plate to study wave interference

• Use many teaching
materials

• Use “maggot”
analogy to help
students understand
characteristics of
transverse wave

• Teacher emphasizes more
on student memorization

• Teacher asks questions and
answer by herself

• Teacher does not warn
misbehavior students

Radiation
and nuclear

power

• Teacher lectures topics of
radiation and nuclear power by
using transparencies

• Build strong rapport
with students

• Teacher asks questions and
answers by herself

• Teacher has
misunderstanding about
atomic number

• Teacher does not warn
misbehavior students

• Teacher does not utilize
students’ questions

• Students pay less attention
to learning
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Topic Teaching sequence Strength Weakness
Effect of
magnetic
field on
electric
charge

• Review prior knowledge of
magnetic field

• Lecture by using
transparencies in topics –
effect of magnetic field on
electric charge, cathode tube
and components of monitor

• Review student prior
learning

• Create informal
learning
environment—
students feel
comfortable with
teacher

• Use few of teaching materials
• Lack of conclusion
• Emphasize teaching by lecture

only
• Lack of constructivist learning

activities

Electric field • Review prior knowledge of
effect of magnetic field on
electric charge and earth
magnetic field

• Lecture by using
transparencies and notes in
topics – inductive electric
current and electric field

• Review student prior
learning

• Create informal
learning environment

• Use few of teaching materials
• Emphasize teaching by lecture

only
• Lack of constructivist learning

activities

Circular
motion and

simple
harmonic
motion
(SHM)

• Two groups of students
present studies of circular
motion and SHM

• Create informal
learning environment

• Use few of teaching materials
• Students pay little attention to

presentations
• Emphasize teaching by lecture

only
• Lack of reviewing student

prior learning
• Lack of conclusion

Isotope • Review prior knowledge of
motion in straight line

• Teacher gives example of
motion in straight line

• Lecture topic of isotope by
using transparency

• Students do exercises
• Teacher gives answers of

exercises

• Review student prior
learning

• Create informal
learning environment

• Teacher asks and answers by
himself

• Emphasize teaching by lecture
only

• Lack of student participation
• Use few of teaching materials
• Students pay little attention
• Lack of conclusion
• Lack of constructivist learning

activities
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Topic Teaching sequence Strength Weakness
Nuclear
power

• Lecture by using
transparencies in topics –
components of nucleus and
nuclear reactions

• Teacher assigns exercises

• Create informal
learning environment

• Teacher asks and answers by
himself

• Emphasize teaching by lecture
only

• Use few of teaching materials
• Lack of reviewing student

prior learning
• Lack of conclusion
• Lack of constructivist learning

activities
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Appendix Table C8  Cross-case Analysis of Preservice Physics Teachers’ Integration of

Knowledge Components of PCK into Lesson Plans

Aspect Julie Mark Cathy Sam*
Orientation • Academic rigor

orientation
• Similar to Julie • Similar to Julie -

Sequence of
content

• Sequence all contents
according to physics
textbook and national
science curriculum

• Similar to Julie • Similar to Julie -

Teaching
objective

• Emphasize student
development of ability
to explain targeted
concepts and apply
knowledge in solving
problems and
explaining real life
situations

• Lack of emphases on
student development of
affective domain,
science process skills
and cooperative
learning

• Emphasize student
development of
cognitive aspect and
ability to apply
knowledge in
everyday lives

• Lack of emphases on
student development
of affective domain,
science process skills
and cooperative
learning

• Emphasize student
development of:
ability to explain
targeted concepts and
apply knowledge in
explaining everyday
phenomena; skills in
conducting
investigations; and
cooperative learning

-

Introduction
stage

• Promote student
interest by raising
examples or situations
related to student
experience

• Lack of review of
student prior learning

• Activities are strongly
driven by teacher

• Emphasize reviewing
student prior learning

-

Teaching
stage

• Emphasize hands-on
activities (e.g., group
activities and
experiments)

• Lack of activities
created from creativity

• Emphasize cookbook
experiments,
demonstrations and
group activities

• Lack of activities
created from
creativity

• Emphasize using
cookbook
experiments,
demonstrations and
group activities to
encourage student
first-hand experience
and most participation

• Lack of activities
created from
creativity

-
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Aspect Julie Mark Cathy Sam*
Conclusion

stage
• Students conclude

lesson
• Teacher and students

conclude lesson
together

• Teacher and students
conclude lesson
together

-

Teaching
material

• Use various teaching
materials

• Use various teaching
materials

• Use various teaching
materials

-

Assessment • State criteria of
assessment

• Use formative
assessment

• State criteria of
assessment

• Use formative
assessment

• State criteria of
assessment

• Use formative
assessment

-

Note There was no results of Sam’s integration of knowledge components of PCK

into lesson plans because he did not create any lesson plans before teaching practice.
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Appendix Table C9 Cross-case Analysis of Preservice Physics Teachers’ Development

and Implementation of PCK during Teaching Practice

Aspect Julie Mark Cathy Sam
Orientation • Academic rigor

orientation
• Aim at encouraging

students to love to
learn physics

• Academic rigor
orientation

• Didactic
orientation

• Didactic
orientation

Knowledge
of teaching
objective

• Emphasize student
abilities to explain
targeted concepts and
apply them in daily
lives, memorization
of equations and
mathematics ability

• Aim to cover all
contents intended to
teach

• Emphasize student
development of
affective domain,
science process
skills and
cooperative
learning

• Emphasize
students’ abilities
to explain targeted
concepts, apply
them in daily lives
and do exercises
correctly

• Emphasize student
development of
affective domain
and their abilities
to explain targeted
concepts and apply
them in daily lives

Knowledge
of curricular

materials

• Increase awareness of
importance of using
teaching materials in
teaching

• Use textbooks as
primary source of
teaching materials

• Use laboratory
materials skillfully

• Realize
importance of
using teaching
materials in
teaching

• Adapt some
teaching materials
in teaching
specific topics

• Primary teaching
materials are
transparencies and
notes

• Other teaching
materials are
pictures and charts

• Use few of
teaching materials
– main teaching
materials are
transparencies,
notes and
worksheets

Knowledge
of students’

learning

• Recognize learning
difficulties of topics
taught

• Recognize learning
styles of students in
each class and their
effects on quality of
teaching

• Increase awareness of
importance of
reviewing student
prior learning

• Rarely review
student prior
learning

• Rarely require
students to present
results of
experiments and
discuss together

• Expect student
learning
difficulties as he
had

• Strongly review
student prior
learning

• Recognize some
prerequisite
concepts

• Recognize student
learning difficulties
of topics taught

• Strongly review
student prior
learning

• Try to link student
prior learning with
topic taught

• Increase awareness
of characteristics of
students taught

• Emphasize student
positive attitudes
toward learning
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Aspect Julie Mark Cathy Sam
Knowledge
of subject-

specific
instructional

strategies

• Use more hands-on
activities (e.g.,
demonstration, group
activities and
experiments)

• Emphasize
students learning
through asking,
answering and
doing experiments

• Try out two
teaching sequence:
(a) teacher
presenting
concepts followed
by student doing
experiment; and
(b) student doing
experiment
followed by
concluding
concepts

• Raise everyday
examples and
situations

• Strongly employ
transmission mode
of teaching and
learning

•  Try out two
teaching sequence:
(a) teacher
distributing note
and explaining; and
(b) teacher
lecturing with
transparencies,
students writing
key concepts

• Main teaching
sequence is
“teacher presenting
transparencies or
distributing notes,
students writing
key concepts and
doing exercises or
worksheets”

• Try out two
teaching sequence:
(a) teacher
distributing note
and explaining; and
(b) teacher
lecturing with
transparencies,
students writing
key concepts

Knowledge
of topic-
specific

instructional
strategies

• Translate abstract
concepts taught into
concrete examples,
situations or activities

• Apply some activities
from methods course
to teach concepts
relating to force and
motion

• Learn processes,
materials, results
and errors related
to specific
activities

• Apply some
activities from
methods course to
teach concepts
relating to force
and motion

• Understand more
about effects of
specific examples,
demonstrations and
teaching methods
on teaching and
learning

• “Teacher lecturing
with
transparencies,
students doing
exercises or
worksheets”
teaching strategy is
widely applied for
almost all of topics
taught

• Lack of flexibility
and diversity of
activities used

Knowledge
of

assessment

• Use formative
assessment methods
(e.g., observing
student behaviors and
examining exercises
and worksheets)

• Similar to Julie • Similar to Julie • Similar to Julie
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Aspect Julie Mark Cathy Sam
Knowledge
of content

• Understand more
about topics taught

• Understand more
about topics taught

• Understand more
about topics taught

• Decrease degree of
difficulty of
content to suit
student
backgrounds

• Understand more
about topics taught

• Decrease degree of
difficulty of
content to suit
student
backgrounds

Other
aspects

• Feel more confidence
in teaching, but lack
of confidence when
teaching unfamiliar
topics that she has
poor understanding
about, and negative
attitudes toward,
them

• Recite-recall-
remember content for
teaching unfamiliar
topics

• Feel more
confidence in
teaching

• Be proud of being
physics teacher

• Feel more
confidence in
teaching

• Develop more
positive attitudes
toward teaching
and learning
physics

• Feel more
confidence in
teaching

• Understand nature
of physics

• Develop more
positive attitudes
toward being
physics teacher

Factor
influencing
success of
teaching
practice

• Teaching experience
• Personal constructs
• Prior knowledge and

experience
concerning teaching
and learning

• Cooperating teacher
• Students taught
• Supports from school

and university

• Willingness to be
teacher

• School
• Students taught
• Cooperating

teacher

• Characteristics or
nature of students
taught

• Characteristics or
nature of students
taught
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