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Abstract

This qualitative research aimed to explore the integration of the components of pedagogical content knowledge
(PCK) in teaching Linear Equation with one unknown. For the purpose of the study, a single local case study
with multiple participants was used. The selection of the participants was made based on various criteria: having
more than 5 years of experience teaching mathematics and possessing high and low level of knowledge in
algebra and high general PCK in mathematics. Six teachers were selected to be the respondents in this research.
The data were collected using i) stimulated recall interview, ii) observation, and iii) analysis of documents.
Nvivo 8 software was used to help the researcher organize and analyze the data. Kohen Kappa reliability values
obtained from three experts were very good, exceeding 0.8. The findings showed that the integration of content
knowledge component of pedagogical implications (C>P) is the most frequently used component in the
teaching of Linear Equations with one unknown. This indicates that teachers focus mostly on the components of
content knowledge and knowledge about students. The teachers were least likely to integrate content knowledge
with pedagogical knowledge, which has implications on the knowledge of the students (C&P->S). The study
suggests the need to improve teacher’s knowledge through collaborative partnership with colleagues and through
courses.

Keywords: integration component of teacher knowledge, Pedagogical Content Knowledge (PCK), linear
equation, teachers’ knowledge

1. Introduction

In general, basic knowledge and behavior in the classroom are factors that govern any decision to meet the
students’ aspirations (Posamentier & Stepelman 1995). In a mathematics class in particular, teachers are
expected to play an active role in teaching and learning to change student behavior. To perform this task, each
mathematics educator or teacher should have a high knowledge of mathematics (Ball & Bass, 2000; Ma, 1999)
as well as pedagogical knowledge appropriate to the level of their students (Ball et al., 2001; Zawawi, 2003).
This supports Ball et al.’s (2001) finding suggesting that the most important factor in determining the outcome of
the teaching strategy is the extent to which the strategy used could assist students to experience meaningful
learning.

The teaching and learning process requires teacher to possess the components of content knowledge, knowledge
of students, as well as different ways in which content knowledge can be applied in the classroom. Shulman
(1987) went on to develop the theoretical framework to conceptualize teacher’s knowledge that is needed to
carry out the process of teaching and learning. This theoretical framework is called Pedagogical Content
Knowledge (PCK), which is a combination of content knowledge, knowledge of students, as well as the different
ways in which content knowledge can be used in teaching and learning in the classroom (Hill et al. 2004).
Although the construct of PCK in education emerged more than 20 years ago, it is still considered useful in
educational research because teachers can utilize the knowledge, methods, and goals of PCK to prepare various
teaching professional development courses (Abell, 2008). PCK is also a critical element of effective teaching
(Lilia et al., 1998). Thus, it can be said that the educational achievement depends on teachers’ ability to use
pedagogical content knowledge to teach effectively and achieve learning outcomes that meet the objectives of
the National Education Philosophy.
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2. Literature Review
Pedagogical Content Knowledge (PCK):

Shulman (1986) referred to pedagogical content knowledge as knowledge about the contents of the topic being
taught, a useful representation of the topic, effective analogies, illustrations, examples, explanations and
demonstrations, which are useful ways to represents and formulate the content to enhance students’
understanding. Pedagogical content knowledge also includes an understanding of what makes learning certain
topics easy or difficult, what preconceptions and misconceptions exist among students, and how teachers deal
with learning problems. Ball and Bass (2000) argued that pedagogical content knowledge (PCK) is the teacher’s
ability to transform content knowledge into pedagogical forms that would be effective for all students according
to their ability and background.

Gess-Newsome (1999) divided several PCK models that have been produced by several researchers into two
groups. One group reflects the Integrative Model, as shown in Figure 1. In this model, PCK is derived based on
three different constructs, which are content knowledge, pedagogical knowledge, and context. However, in this
research, the context knowledge has been labeled as student knowledge. In this model, the three knowledge types
can still be identified and distinguished. PCK exist as a group of several interrelated knowledge types rather than
a field of knowledge. Teaching is said to depend on the presentation of educational content in a particular context
using appropriate teaching methods. It is the teacher’s responsibility to use the components of knowledge
content, pedagogical knowledge, and student knowledge and integrate these components to produce effective
teaching.

Content Pedagogical

knowledge

students

*. knowled ge required in teaching (PCK)

Figure 1. Integrative PCK model (Adapted from Gess-Newsome (1999))

Barker (2007) conducted a study, which focused on the integration of the components of PCK by teachers of
mathematics in algebra. Barker (2007) studied two teachers from a specific topic of algebra at the primary school
level. The study showed that student knowledge has the largest implication on the actions carried out by the
teacher. The integration of the components of PCK, which are the knowledge of content, pedagogical knowledge,
and knowledge of the curriculum, has implications on teaching, interpretation of students’ thinking, and the
students. The explanation given by the teachers in providing the rationale for their actions was mainly focused
on two components of knowledge: knowledge of students and knowledge of pedagogy and curriculum. This
finding supports the statement that content knowledge alone could not ensure the effectiveness of teaching
(Barker, 2007; Kahan et al., 2003). It is believed that teacher focuses on students’ knowledge components to
provide justification for their actions in teaching (Barker, 2007). Meanwhile, students’ achievement in algebra in
Malaysia is still low compared to their achievement in other subjects, such as numbers, geometry, data, and
probability (TIMSS 2007, 2009). Thus, the current research is relevant, as it focuses on teaching algebra.

3. Purpose of Study

The knowledge of what happens in the process of teaching and learning can improve our understanding of and
explain the phenomenon of learning problems that students face. This study is able to contribute to the
development of teaching profession based on the knowledge of the teacher and the way in which he/she can
utilize this knowledge in classroom. Therefore, this study explored how teachers integrate knowledge
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components of PCK in their classrooms. Three components of PCK include knowledge of content, pedagogical
knowledge, and knowledge of students. The teacher focused on teaching the topic of Linear Equations in one
unknown

4. Methodology

This study focused on the teaching and learning in the classroom. It is also known that experienced teachers will
focus more on students rather than classroom management and themselves (Cavanagh & Prescott, 2007).
Therefore, to fulfill this purpose, the teachers who have been teaching mathematics for five years or more were
counted as participants. Six teachers from three schools were willing to be participants in the study and they met
the selection criteria specified. All participants of this study also scored moderately high and high on
mathematics PCK questionnaire, with average score of 3 out of 4 on all dimensions of mathematics education
and mathematics teaching strategy dimensions. This study utilized the questionnaire developed by Zawawi
(2005). This case study used three data collection techniques, specifically stimulated recall interview;
observation of teaching in the classroom; and the analysis of documents, such as textbooks, teacher lesson plans,
and student training answers. Teaching episodes in the observation sessions were used in the stimulated recall
interviews sessions. Protocol adapted from Barker (2007) with the proposed implementation of the stimulated
recall interviews by Shekedi (2005) were prepared to help researchers administer the interviews efficiently. As
the interviews were conducted with reference to the teaching sessions that had been implemented, some
questions were specific to each participant. This happened when asking teachers to explain what and why they
used certain activities in their teaching.

5. Data Analysis

The researcher analyzed the data collected in response to the research question “How do teachers integrate
knowledge component when teaching Linear Equations?” by referring to the data obtained from stimulated recall
interviews. To obtain a clear understanding of teachers’ PCK, the researcher had to refer to the transcription of
stimulated recall interviews as well as the transcription of teaching observations. The transcriptions of the
interviews were then analyzed based on the components of PCK knowledge by labeling the items with specific
codes representing mathematics content knowledge (C), knowledge of the pupils (M), and pedagogical
knowledge (P) derived from the synthesis of the literature that has been conducted in this area. The PCK
definitions are summarized in Table 1.

Table 1. Definitions of PCK teacher knowledge component

Mathematics content knowledge Teacher discusses a topic related to the linear equations, including
any relation among mathematical ideas in this topic. The discussion
focuses on the content of mathematics, teachers’ views of this topic
and mathematics, and the usefulness of this topic in learning
mathematics

Pedagogical knowledge Teachers talked about a math activity, and the questions posed by
teachers to direct teaching and learning. Teacher’s comments
focused on the implementation and teaching arrangements in this
topic and the materials used. Any comments regarding the
curriculum or the syllabus and examination also fall under in this
definition.

Knowledge of students Teachers’ comments on anything related to thinking and students’
learning, including understanding, misconceptions, and students
difficulties and students’ prior knowledge. Teacher’s comments
focused on students.

Table 1 provides definitions of each knowledge component. Sample analysis results are shown in Figure 2 below.
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R: Can you explain plus one pencil equals to four pencil?

T1: Student still could not understand equation involving one unknown. Any
student who does not know how to add or subtract 3x + x cannot see the
mathematical process. Subtraction is even less understood, as students tend to C&S
subtract only x from, e.g.. 3x — %, reporting the result of 3 only. They are still
notable to figure out. That is why I mentioned that let x be pencil, for

example. Then, 3x + 2x means that 3 pencils and 2 pencils would equal to 5
pencils, thatis, 5x. P

<Internals'S1T1'Nvivo SRI Teacherl Observation8=

Figure 2. Example of the integration of teacher knowledge component

In the excerpt, the teacher has demonstrated a combination of knowledge about the content and students’
understanding of the content. Teacher mentioned the use of x as the unknown in algebra’s terms and indicated
that it is difficult for students to grasp the concept of the operation involving algebra’s term. This example is
coded as content knowledge and knowledge of students. The combination of teacher’s knowledge influenced the
teacher’s action by providing concrete examples of analogies to enhance students’ understanding of the addition
operation of similar term. Thus, teacher’s explanations are categorized under the theme of content knowledge
and knowledge about students (C&S), which have implications for pedagogy (P). This relationship is labeled as
(C&S—>P).

6. Findings

The integration of teachers’ knowledge components reflects five themes. The theme with the highest frequency is
the integration of content knowledge, which influences the pedagogical implications (C->P), followed by the
integration of content knowledge and knowledge about students, which have implications on the pedagogical
knowledge (C&S—>P). Another theme that emerged was the integration between the components of content
knowledge, knowledge of students, and pedagogical knowledge (C&S&P), the integration between the
components of content knowledge and pedagogical knowledge that have implications on the knowledge of the
students (C&P->S), and finally the integration among the components of students’ knowledge of the
implications of the content knowledge and pedagogical knowledge (S>C&P). The knowledge of the content
being taught to students is emphasized in the course syllabus. The knowledge of the students is categorized into
several themes, namely students’ prior knowledge, students’ problems, students’ weaknesses, students’ mistakes,
and students’ mastery skills. The themes that emerged in pedagogical knowledge represented various examples
that teachers use in their class, such as making analogies, establishing relations with numerical or concrete
examples, and correcting students’ mistakes. The relations among PCK components are displayed in Table 2
below.

Table 2. Relations among PCK components in the teaching linear equation

Integration of Knowledge Content Total Frequency
C->P 74
C&S->P 56
C&S&P 22
C&P->S 11
S>C&P 13

Total 176

The knowledge of content has implications for pedagogy (C—>P), and it is the most frequently used theme, i.e.,
the teacher’s explanations are focused on the content knowledge of the Linear Equations subject. These
conditions can be seen from the terms used to form a linear algebra equation. The sixth observation session
demonstrated that the teacher began the lesson by writing the definition of linear algebra terms on the chalkboard,
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that is, “A linear algebraic terms consists of only one unknown, which is to the power of 1.” He then gave
examples to clarify these terms. He continued the lesson by giving linear algebra expression to explain to the
students that each term in the expression must include linear algebra terms. Such explanation demonstrates
teacher’s pedagogical knowledge. The teacher’s explanation reflects the integration of two components, which
are content knowledge and pedagogical knowledge (C>P).

A similar observation was recorded for the second highest theme that emerged. Teacher 3 stated that students
already know commonly used equation symbols but do not understand non-equation symbol used in Linear
Equations topic that is part of the content knowledge and knowledge about students (C&S). Thus, based on this
knowledge, the teacher provided an example to illustrate the non-equation symbol “#” through comparing
non-similar entities, male vs. female (pedagogical knowledge, P). This model was also chosen to explain the
concept of inequality because teachers felt that students understand these examples easily. Thus, in introducing
the concept of equality, which focuses on the symbols used, the integration of these (C&S—>P) suggests that
teachers awareness of students’ prior knowledge of the contents, namely the equation symbol “=", influenced the
teachers to further introduce the symbol “#”.

The influence of students’ knowledge on the pedagogical content knowledge and teachers’ pedagogical
knowledge (S>C&P) yielded the least number of themes. This relationship suggests that the teacher presented
something related to the knowledge of the students, such as students’ prior knowledge, the students’ problem,
mistakes or misunderstanding about something, which could later influence the knowledge of content and
pedagogy. Knowledge of content and pedagogy can be derived from the content that takes into account teacher’s
knowledge of the students. For example, teacher 3 stated the following when delivering content to determine
whether a given value is the answer to the linear equation:

T3: Sometimes we have to show that too, so follow the textbook. In fact, if we continue what we used to
do, we sometimes skip one stage. It means the boy did not know why that thing happens. It is so sudden.
He did not ask but he does not understand that thing. When he did not understand and could not
understand, then he easily forgets. We want him to understand. Meaningful learning is OK. That’s why we
follow this textbook, we show them this step before they learn to solve linear equations. Specify whether
this value is the answer to the given equation.

<Internals\S1G3\Nvivo SRI Teacher3 Observation 9>

In the 9" observation, Teacher 3 introduced the skills to determine the answer to a given linear equation by
substituting the numerical values listed. In the interview, Teacher 3 stated that the students would not be able to
solve linear equations without specific skills taught by the teacher, which demonstrate teachers’ knowledge of
the students. Thus, Teacher 3 believes that it is necessary to teach the students the skills by replacing the
numerical values in order to determine the answer to Linear Equations in the textbook (knowledge of content and
pedagogy). Thus, the teacher’s explanations have implications for knowledge of the student towards pedagogical
and content knowledge of the teacher (S>C&P).

7. Discussion

The study found that the most frequent theme underlying the teachers’ knowledge component involves the
integration of content knowledge with pedagogical knowledge (C>P), where teachers talk about mathematics
content and its delivery to students. This theme emerged 74 times. This is may be because the topic of Linear
Equations is new and requires finding unknown values. Although this topic focuses on finding the solution, the
skills in collecting similar unknown in algebraic terms is still needed. However, teachers lacked the skills in
relating the topic to the knowledge of the pupils. Teachers stated that the topic of Linear Equations focuses only
on one unknown to the power of one; thus, students did not encounter any problem in collecting similar
unknowns. Therefore, the teachers talked most frequently about the content and its presentation to the students.

In addition, the integration of content knowledge with pedagogical component influences the knowledge of the
students (CS&P->M). Knowledge of the students has implications on knowledge of content and pedagogy
(S>C&P), although this relation emerged least frequently among the participants, with the frequencies of 11 and
10 respectively. Meanwhile, other three participants did not show that the integration of content and pedagogy
has implications on knowledge about students (C&P—>S). The diagram below contains a thick and dashed arrow
and a thick circle to further illustrate the previous relationship. The summary of the integration of knowledge
components in teaching linear equations id illustrated in Figure 3 below.

30



www.ccsenet.org/ies International Education Studies Vol. 8, No. 11; 2015

/ Pedagogical
-/ knowledge

knowled_

Knowledge
of students

Figure 3. The integration of teacher’s PCK components in teaching linear equation

These findings support the findings of previous researchers, such as Barker (2007), Shah (2006), and Zaidah
(2005), who stated that teachers incorporate these knowledge components interactively when teaching. The
integration of knowledge components also supports Gess-Newsome (1999), who stated that PCK combines the
content knowledge and pedagogical knowledge components. In this study, teacher explained his actions by
focusing on content knowledge together with knowledge of the students, which is not consistent with the
findings Even and Tirosh (1995) who looked at the influence of content knowledge and knowledge of the
students on the actions of teachers in teaching. In their study, teachers’ knowledge of content rather than teachers’
knowledge of students influenced teaching arrangements. However, these findings were in line with the findings
made by Zaidah (2005) who found that experienced teachers adapt their teaching methods based on their
knowledge of the students. Similarly, Barker (2007) also found that the knowledge of the students dominates
teachers’ action in the classroom.

The linear equation lessons also showed that knowledge of content has implications on teachers’ pedagogical
knowledge. Teachers focus on the content and the approach without the explicitly mentioning the knowledge of
the students. By neglecting the knowledge of students, the implementation of more effective teaching could be
affected. This is because knowledge of the pupils’ cognition is an important component. Learning is what
happens in the classroom, which is what students are doing in their learning environment (Fennema & Franke,
1992). Knowledge of students and knowledge of various teaching approach reflect pedagogical content
knowledge (Sibel, 2007). Thus, the lessons carried out in this study did not emphasize one of the activities
proposed by the PPK (2006), which is the constructivist approach in which students are taught to develop their
own mathematical knowledge.

The opportunities in teaching linear equations should not be taken for granted, as the topic provides students
with the opportunity to solve problems. Various situations in daily life problems are specifically related to the
concepts of algebra. Piaget stated that any new experience that has the element of challenge can stimulate
cognitive development. The development of the cognitive structure could not materialize if only assimilation
process takes place. A teacher should determine the level of cognitive structure for each individual student and
gradually change the structure (Olson & Hergenhahn, 2009).

8. Conclusions

Teachers need to utilize the results of studies based on teachers’ knowledge to interpret students’ conceptions and
misconceptions of mathematical ideas or to form and develop a more effective method of teaching. Teachers are
able to change teaching approaches when they understand students’ thinking strategies, to reflect and discuss
their teaching, and to cooperate with their colleagues by considering professional development as one of the
important aspect in the organization. This is consistent with the recommendation made by NCTM (2000) that
emphasizes the importance of professional development, which is considered a long-term career process of a
teacher. Therefore, the duty of every mathematics teacher is to enhance his or her knowledge through
participation in professional development activities. Teachers’ professional development should be a lifelong
learning process so that teaching practices can lead to effective learning outcomes.
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