Proceeding ISET (2021) Universitas Negeri Semarang ISSN 2964-4291
International Conference on Science, Education and Technology 7 (1) https://proceeding.unnes.ac.id/index.php/iset

Physics Teachers’ Pedagogical Content Knowledge
(PCK) in Developing Content Representation (CoRe) on
the Topic of Classical Mechanics

Muhammad Miftakhul Falah®, Hartono Hartono, Sunyoto Eko Nugroho, Saiful Ridlo

Universitas Negeri Semarang, Indonesia
*Corresponding Author: hanunfalah@gmail.com

Abstract. This study aims to describe physics teachers' ability to represent their content knowledge and pedagogy on classical
mechanics concept using a CoRe framework in teaching practice, and to figure out their ability to develop the CoRe according
to the length of teaching experiences, educational levels, and gender. The data were collected by reviewing the CoRe
documents created by 40 high school physics teachers in Central Java and the Yogyakarta Special Region as a part of in-
service training activities. The RASCH model was employed to analyze the research data, both qualitatively and
quantitatively. The results of the study revealed that teachers were able to develop the CoRe with high qualification (76,1%).
There was no teacher with poor and even fail categories. The ability to develop the CoRe will support them in designing a
classroom learning. The aspect that requires improvement is the statement about outlining the material structures that will be
delivered to students based on their mastery levels. The findings employing the DIF analysis showed that the length of
teaching experiences had an effect on differences in the ability to develop the CoRe on the aspects of big idea development,
material choices and sequences of delivery. Nevertheless, the ability of male and female teachers to develop CoRe is
relatively similar. Meanwhile, physics teachers with master degree have better identification skills and procedures for the
significance of big idea development than those with bachelor degree do.
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INTRODUCTION the aspects of tacit, intrinsic, and professional
teacher knowledge which is then known as
Pedagogical Content Knowledge (PCK). CoRe is
a table that is designed to represent the science
teachers' understanding of a specific topic content
[8]. This is accomplished by requiring them to
consider a big idea of the topic being taught. The
line includes eight main questions designed to
reveal the teacher's motivations for pedagogical
choices/activities, student knowledge such as
alternative conceptions, and difficulties such as
how to assess student understanding [8].
However, many science teachers lack a deep
conceptual understanding of science, their ideas
on specific science topics are fragmented and
poorly structured [9]. They require assistance and
guidelines in developing PCK in order to carry
out their profession as qualified teachers in the

understanding the content of science materials |€arning process ([10,11]. One of the ways to help

(knowing science), but also with the teaching teachers improve their competences is through in-
methods (how to te’ach) [7] service training program. This program, which is

in the form of training, is essential in improving
teachers’ professionalism and it has a positive
impact on subject matter knowledge, classroom
management, teaching methods, and student
evaluation [12]. The Covid-19 pandemic has
changed conventional learning activities from

A teacher's Pedagogical Content Knowledge
(PCK) is the main key to the success of classroom
learning activities [1]. Teachers with PCK
mastery will be able to fully understand how
students construct knowledge, acquire skills, and
develop positive learning habits [2,3]. It has also
been revealed in science learning that there is a
direct relationship between the teachers' PCK
ability and the practice of classroom learning
implementation [4]. However, they do not always
recognize the importance of PCK, as indicated by
a lack of subject-matter understanding and
separate knowledge [5]. PCK serves as a
component that represents a teacher's
professional skill [6]. PCK is also a thinking
concept that provides an understanding that in
teaching science, it does not only deal with

The science teachers” PCK is often tacit and
difficult to represent since it is a truly personal
construct [5]. Content Representation (CoRe) and
Pedagogical and Professional-experience
Repertoires (PaP-eRs) are documents that
effectively articulate the framework and depict
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face-to-face to online learning in order to avoid
physical contact [13,14]. This also has an impact
on the training program which was previously
conducted classically, shifted to online training.

According to the findings of preliminary
interviews towards physics teachers, the obstacles
encountered include teachers' difficulty in
analyzing basic competences and competence
achievement indicators in physics, narrow scopes
of the selected materials, use of appropriate
teaching media, and incidental misconceptions in
learning activities. The challenges that these
teachers face are related to their experiences,
pedagogical capacities, and content mastery.
There are no data or information available that
report on the physics teachers’ PCK profiles,
particularly those that relate to aspects such as
length of teaching experience, gender, and
educational level.

This study aims to describe physics teachers'
ability to represent their content knowledge and
pedagogy according to the CoRe framework of
classical mechanics concept in teaching practice,
and to figure out their ability to develop the CoRe
according to their length of teaching experience,
educational level, and gender aspects.

METHOD

This study employed both qualitative and
guantitative approaches. The respondents in this
study were 40 high school physics teachers who
took part in an online training for high school
physics teachers in Central Java and Yogyakarta,
and who fit the demographic profiles shown in
Table 1.

Tabel 1. Physics teachers’ demographic profiles

each ‘big idea’ of the classical mechanics

concept. The CoRe instrument comprises of eight

main questions, which are outlined as follows;

1. What will you teach to your students about
the idea/concept?

2. Why is it important for students to understand
the concept?

3. What ideas about the concept do students not
yet have?

4. Are there any difficulties in teaching the
concept?

5. What are the most common errors
(misconceptions) in teaching the concept?

6. What factors influence your teaching style?

7. What are the teaching procedures for teaching
the concept?

8. How do you determine whether students
understand or are confused by the concept?

There are three additional aspects assessed in
this study, including subject identity, big idea,
and neatness. As a result, there are 11 aspects in
totals used in this study. Each aspect was also
measured using a Likert scale rubric ranging from
1 (very poor) to 5 (very good). Furthermore, the
results of the physics teacher's CoRe ability
analysis were compared with the criteria for the
teachers' ability to develop the CoRe [15], as
shown in Table 2.

Table 2. Criteria of the teachers’ ability to
develop CoRe

Aspects of Demography Respondents Percentage
Gender Male 5 12.5
Female 35 87.5
Educational Bachelor 36 90
level degree
Master 4 10
degree
Teaching 1to6 12 30
experience years
7to12 11 275
years
13t0 18 14 35
years
19to 24 1 25
years
250 30 2 5

years

Score Criteria
interval

85 -100 Very good
70 -84.9 Good

55 -69.9 Sufficient
30-54.9 Poor

<30 Fail

The CoRe instrument developed by Loughran
John was employed in this study [5]. This
instrument can be used to assess teachers' PCK
ability. The data were in the form of documents
compiled by the CoRe which were analyzed on

As shown in Appendix 1, the measurement
instrument has a special unidimensionality
(62.9%), indicating that the raw variance is above
the standard 40%. [16]. This exemplifies that the
instrument used can measure what is supposed to
measure. The rating scale analysis reveals that the
rating scale ranging from very bad to very good
is easy to understand, with an average value
ranging from -2.01 to 5.09.

According to Table 3, the person reliability
index value (0.80) indicates that the consistency
of the person's responses to the items is sufficient
[17]. Similarly, the item reliability measure (0.96)
has a special classification. High item reliability
indicates that the item accurately defines the

379



Muhammad Miftakhul Falah, et. al. / International Conference on Science, Education and Technology 7 (1)
(2021): 378-383

latent variable [18]. In other words, the
instrument for assessing the reliable teacher's
CoRe documents were employed for different
groups of respondents. The Cronbach Alpha
coefficient value (0.76) indicates that the
interaction between the items and the person is
‘good’.

Table 3. Person and item Reliability

Mean Reliability Alpha
Logit Cronbach
Person 1.70 0.80 0.76
Item 0.00 0.96
The RASCH measurement model with

WINSTEPS version 3.75 software was used to
determine the instrument's validity and reliability.
Through the calibration of person and item
reliability, WINSTEPS software mathematically
transformed raw ordinal data (Likert-type data)
based on frequency of response which appears as
probability to become logit (log odd unit) via the
logarithm function, which assesses the overall fit
of the instrument as well as person fit [18,19].
Furthermore, Differential Item Functioning (DIF)
was used to identify the results of measuring
aspects of the CoRe documents based on the
demographic profiles such as gender, teaching
experience, and educational level. DIF provides
information on the different types of the teacher
trainees based on the  demographic
characteristics.

RESULTS AND DISCUSSION

Physics teachers’ ability in developing the
CoRe

The physics teachers’ ability in developing the
CoRe as a tool for designing physics learning
based on each individual's level of achievement.
Based on the data analysis results, the average
percentage score for the CoRe development is
76,1% (3,81). The percentage of the physics
teacher's ability in developing the CoRe is shown
in Table 4.

Table 4. The percentage of the achievement level
of physics teachers' ability in developing the
CoRe

Table 4 shows that physics teachers are
capable of developing the CoRe. The total
percentage of the very good and good categories
is 77,5% (31 teachers). In other words, more than
the minimum level of criteria (75%) belongs to
good category. The percentage of concept
categories selected in the development of
classical mechanics CoRe is under the straight
motion topic category. 25% of teachers selected
to develop the CoRe concept. Meanwhile, the
least selected category is under the linear motion
topic category, selected by one teacher only
(2,5%).

Table 5. The concept categories on the developed
CoRe.

Category Frequency Percentage
Linier Motion 10 25
Newton's Law 7 17.5
Momentum and 4 10
Impulse

Parabolic Motion 5 125
Work and Energy 6 15
Simple Harmonic 2 5
Motion

Circular Motion 2 5
Vector 3 7.5
Rigid Object 1 2.5

Category Frequency Percentage
Very good 4 10

Good 27 67.5
Sufficient 9 22.5

Poor 0 0

Fail 0 0

According to the average scores of the
teacher's ability to develop the CoRe in Appendix
2, the statement item about what concepts are not
yet known by high school students have the
lowest score of 2,35. That is, the teachers find it
difficult to outline the material structures that will
be delivered to students based on their levels of
mastery. It is very importance for a teacher to be
able to structure the learning materials in the
classroom. There are three strategies to make sure
that PCK runs smoothly, such as through
planning, teaching, and reflecting [21]. Mastery
of Content Knowledge (CK) has a positive
contribution to the teachers’ PCK ability [22].
Meanwhile, a statement about the sequence/flow
selected to teach the concept of each big idea has
the highest average score (4,15). This indicates
that the majority of physics teachers are already
aware of the pedagogical aspect or how to teach
the content in the classroom learning activities.
The teacher's pedagogical knowledge helps in the
selection of learning  strategies and
representational abilities [23].
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Differences between the teacher demography
and the developed CoRe

Person DIF plot (DIF=$S5W1)

i)
8

DI Mieasure (4]

Figure 1. Person DIF Plot based on the length of
teaching experience.

Note: P (1 to 6 years); Q (7 to 12 years); R (13
to 18 years); S (19 to. 24 years); T (25 to 30
years).

According to Figure 1, there are 11 items
based on the length of teaching experience N1
(complete identity and the CoRe title). It can be
seen that the Q coded-teacher (with 7-12 years of
teaching experience) is more complete in writing
the CoRe subject identity than the other groups of
teachers. Item N2 (big idea appearing on the
CoRe) shows that teachers with 25 to 30 years of
teaching experienced raise fewer big ideas than
teachers with 1 to 6 years of experience. Item N3
(a statement about what I intended the students to
learn about the idea) shows that teachers with 25
to 30 years of experience have higher quality in
what will be taught based on the big ideas than
other groups of teachers. On item N4 (A statement
about why is it important for the students to know
this) and N5 (a statement about what else do you
know about this idea (that you do not intend the
students to know yet), the teachers with 25 to 30
years of experience have compelling reasons for
the importance of students understanding the
concepts (big ideas) and ones which have not yet
been taught to students. On item N6 (A statement
on knowledge about students' thinking that
influences your teaching of this idea), teachers
with 13 to 18 years of experience did not find a
complex description of difficulties, compared to
other groups of teachers. Item N7 (A statement
about knowledge about students’ thinking that
influences your teaching of this idea) shows that
all groups of teachers provide relatively the same
description. In item N8 (A statement about other
factors influencing your teaching of this idea), N9
(A statement about teaching procedures and

specific reasons for using these to engage with
this idea), and N10 (A statement about specific
ways of determining students' understanding or
confusion around this idea (includes likely range
of responses), it appears that teachers with 13 to
18 years of experience have a better description
of student conditions, teaching considerations,
and strategies in  determining  student
understanding than other groups of teachers. Item
N11 (neatness) states that the CoRe compiled by
the group of teachers is structured and neat,
except those with 13 to 18 years of experience.
According to the description, teachers with more
experience will be able to develop the CoRe
better, particularly in terms of developing big
ideas, selecting and delivering materials
according to its order, and so on. The length of a
teacher's teaching experience becomes one of the
aspects in determining the extent to which a
teacher develops the best strategy in planning the
learning process [23,24].

Person DIF plot (DIF=$S4W1)
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Figure 2. Person DIF Plot based on gender.
Note : L = Male, P = Female

According to Figure 2, the result of item N1
shows that male teachers are more complete than
female teachers in writing their identities in the
CoRe header. Whereas, item N2, N3, N4, N6, N7,
N8, and N9 relatively show the similar results
between male and female teachers. Item N5 (a
statement about what else you know about this
idea (that you do not intend the students to know
yet) and N10 indicate that female teachers are
more detailed than male teachers in describing
what concepts students do not know yet and how
to know students' understanding compared to
male teachers. Item N10 (A statement about
specific  ways of ascertaining  students’
understanding or confusion around this idea
(include likely range of responses) shows that in
terms of neatness, the male group's CoRe
structure is neater than the female group's. Gender
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equality plays an important role in the practice of
science learning in the classroom [25, 26]. In this
study, it can be seen that the CoRe’s main
statement between male and female teachers has
relatively similar ability in developing the CoRe.

Person DIF plat (DIF=SS3W1)

<

7000

Figure 3. Person DIF plot based on education
level

Note: A = Bachelor Degree, B = Master Degree

According to Figure 3, on item N1 (subject
identity), N4 (A statement about why is it
important for the students to know this) and N9
(A statement about teaching procedures and
particular reasons for using these to engage with
this idea), teachers with master degree level
provide a better description of CoRe than those
with bachelor degree level do. On item N6 (A
statement about the difficulties/limitations of
teaching the Ideas), teachers with bachelor degree
level provide a better description than those with
master degree level. The other items, on the other
hand, show relatively similar results between
both teachers with bachelor degree and those with
master degree levels [28]. This is in line with
studies on TPACK teachers from 5 Asian and
European  countries that examines the
contribution of education level and gender.

CONCLUSION

Teachers can develop the CoRe with good
qualification (76,1%). There is no physics teacher
who has been labelled as poor or fail in
developing the CoRe. The ability to develop the
CoRe will support them in designing a classroom
learning. The aspect that requires improvement is
a statement about outlining the learning material
structures that will be delivered to students based
on their levels of mastery. The findings of the DIF
analysis show that the length of teaching
experience has an effect on differences in the
ability in developing the CoRe in terms of big
idea development, material choices and

sequences of delivery. Yet, both male and female
teachers’ ability is relatively similar. Meanwhile,
in terms of educational level, physics teachers
with master degree have better identification
skills and procedures for the importance of big
ideas than those with bachelor degree do.
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