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Abstract. Modern technological applications made quantum physics (QP) an
important subject to include in secondary school curricula in other countries before
it did so in Malaysia. Secondary school students in our county will be educated using
the new, revised curriculum when QP goes into effect in 2021. Consequently, a
study was done to determine the level of content knowledge and teacher readiness
for teaching secondary school quantum physics in Sabah. A cross-sectional survey
method was used to gather data from a sample of 175 Sabah Form Five Physics
teachers, who were chosen through a multistage cluster sampling process. The
research instrument used an adapted and modified questionnaire. The reliability
values of this instruments were high at .87. The IBM SPSS version 28.0 software
was used to analyze the study data. According to the findings of the study, physics
teachers have a moderate level of content knowledge (m = 6.78) and teacher
readiness (m = 6.96). Using the data from this study, the Malaysian Ministry of
Education and policymakers can get a clear image of how prepared Physics teachers
are for QP implementation once it is implemented in 2021.The implications of the
study show that content knowledge towards teacher readiness of teaching secondary
school QP is crucial to improve the quality of QP teaching.
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INTRODUCTION

Secondary school curricula around the world have been teaching students about
quantum physics (QP) for some time now, owing to its importance in modern technology
applications. New curricula have been implemented in our secondary schools since 2021,
when QP will come into effect (KSSM). There has been some delay in implementing
teacher education as planned because of changes made to the curriculum. According to a
study on teacher readiness, content knowledge is a crucial component (Park et al., 2016).
Content knowledge is also included in the study by Fan et al. (2019) as an important part
of being a ready teacher. To teach QP, the teacher needs to have a better understanding
of the subject matter. Teacher training should be extensive and high-quality to ensure
that they don’t feel excluded or unjust as a result of the implementation of the new
curriculum, according to Balta (2018).

Teachers must have a good understanding of quantum physics (QP) in order to
incorporate it into the physics curriculum. According to a study by Balta (2018), teachers
are not ready to teach QP because they lack a full comprehension of the issues covered in
the curriculum. Teachers should have a thorough understanding of the subject matter they
will be teaching before attempting to teach QP. The new revamped curriculum suggests
that teachers’ content knowledge influences their readiness to teach QP in secondary
schools to a greater or lesser extent. Students will benefit from improved comprehension
if teachers’ needs are met in this way. This is a serious constraint, as prior studies on QP
research have mainly been conducted at the graduate level of education. In addition,
prior studies have shown conclusions about the quantum physics understanding of
university students (Calyskan et al., 2009). Quantum physics in secondary schools isn’t
the only subject studied in terms of teacher readiness for science and math in general.
As a result of this, this study will examine the content knowledge of physics teachers on
QP and their readiness to teach QP to secondary school students.

IMPLEMENTATION OF SECONDARY SCHOOLS QUANTUM
PHYSICS

Quantum physics (QP) was taught to college students long before it was taught in secondary
schools today. Because QP is a fundamental theory of physics, it should be taught in
secondary school. In other words, it’s a lot of work. For students between the ages of
17 and 19, quantum physics (QP) has already been included in their physics curricula in
Australia, France, and Norway (Stadermann et al., 2019). Since 2016, secondary school
students in the Netherlands have had the opportunity to learn about QP through the
school’s curriculum (Krijtenburg-Lewrissa, 2020). Because of the conceptual and applied
importance of QP, secondary school physics curricula have been modified as a result of
its implementation in the curriculum (Krijtenburg-Lewerissa et al., 2019).
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The Standard Curriculum for Primary Schools (KSSR) was unveiled by the Malaysian
Ministry of Education in 2011. In order to maintain a smooth transition between primary
and secondary education, the content of the primary school curriculum is being included
into the secondary school curriculum (KBSM). It is important to keep KBSM up to date
and relevant to the demands of the twenty-first century while also connecting it with the
government’s transformation strategy. The Secondary School Standard Curriculum (KSSM) is
a brand-new programme. Students should know what they should know at a certain point in
time and degree of education, according to the KSSM. Content, learning, and performance
are the three requirements for each level. Among the changes are changes to the structure
of curriculum materials, instructional elements, and assessments (Bahagian Pembangunan
Kurikulum, 2016). In the past, the Integrated Secondary School Curriculum (KBSM) was used
in physics curriculum standards. It was first used in schools in 1989. 2017 saw the end of
the Secondary School Physics Document Standard. It was replaced by the Secondary School
Physics Document Standard (Bahagian Pembangunan Kurikulum, 2018). To make sure that
this national curriculum is up to date with the Malaysian Education Blueprint 2013-2025, it
is being changed (Ministry of Education Malaysia, 2012). They can learn more about KSSM
by looking at curriculum frameworks, learning areas, cross-curricular aspects and how the
curriculum is put into practise. Secondary School Curriculum Standards (KBSM) was changed
to Secondary School Curriculum Standards after the Ministry of Education did this. A whole
new topic was added to the physics curriculum (KSSM).

Students and teachers both face difficulties with QP, despite its importance
in the secondary school curriculum (Michelini et al., 2014). The underlying idea of QP,
which differs greatly from mainstream physics, is at the core of the challenge. One of
the differences between QP and classical physics is that QP’s mathematical components
are more challenging than classical physics’ computations (Pospiech, 2019). Students are
interested in quantitative probability, according to the conclusions of the Stadermann
and Goedhart, (2020) study. The fact that so many questions remain unanswered about
guantum mechanics, for example, has led some students to claim that the field is more
enigmatic than classical physics. Because of the usefulness of QP, many experts believe
that it should be included in the secondary school physics curriculum, regardless of how
difficult it may be to comprehend. Due to the fact that most teachers lack a foundation
in QP, they have difficulty teaching the subject matter (Lautesse et al., 2015). As a result,
teachers have become less confident about their ability to teach this subject if they
rely on textbooks instead of teaching it themselves (Wook Cheong & Song, 2014). QP
uses the phrase “wave and particle” to describe the wave and particle characteristics
that differ from those of classical physics. Due of this challenge, Bungum et al. (2015)
discovered that teachers require a large number of readily available quality assurance
materials. Understanding photon wave-particle duality and Heisenberg’s uncertainty
principle requires understanding quantum physics (Wook Cheong & Song, 2014). Due
to constraints, doing QP experiments in a secondary school lab is difficult. According to
Daniela et al. (2015), some topics, like the Plank constant experiment, can be completed
affordably. Many QP experiments may be done easily and inexpensively in secondary
schools to help pupils comprehend QP phenomena. The issues of teaching and learning
about QP topics have been addressed in previous research.
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Physics experts have provided recommendations for secondary physics curricula
based on previous QP research. According to Stadermann et al. (2019), most countries
used the same 17 QP subjects in their upper secondary physics curriculum from 15 other
countries. Further research demonstrated that our physics curriculum’s QP principles are
suited for secondary school students. Teaching QP needs teachers to be knowledgeable in
the subject and prepared to cope with QP’s challenging subjects. In our setting, teachers
will be teaching the topics by 2021 begin with the history of quantum theory, Plank theory,
blackbody radiation, wave particle duality, concept of photon, Einstein’s photoelectric
theory and the application of QP in daily life.

TEACHER READINESS TO TEACH QUANTUM PHYSICS

When a new topic or curriculum is introduced into the classroom, the teacher’s readiness
to teach and learn is crucial. It is a stage of preparation where teachers have a positive
outlook on the transition and a desire to work for the benefit of students in their future
roles (Fan et al., 2019; Holt & Vardaman, 2013). Apart from that, the maturity and
experience of a teacher indicate whether or not they are ready to teach (Du & Chaaban,
2020; Rauf et al., 2019). Teacher readiness can also be defined as preparing teachers for
roles that need their passions, perceptions, attitudes, expertise, and competencies (Al-
Awidi & Aldhafeeri, 2017). On the other hand, teachers’ readiness to implement change
in school, according to Weiner (2009), can be affected by a number of factors, such as
their awareness of the change, attitudes, motivation, and knowledge of and capacity to
adapt to the shift in question.

Previous research found that content knowledge was an important component
in determining teacher readiness. A teacher’s content knowledge, pedagogical content
knowledge, and curriculum knowledge are all included in Shulman’s conception of teacher
knowledge, according to (Shulman, 1987). Content knowledge is also known as teacher
epistemology knowledge, and it encompasses not just what teachers learn in the classroom
but also what they learn from their students (Jwaifell, 2019). Researchers Hasan and Daud
(2020) found that students benefit from teachers who have a thorough understanding of
their subject matter because they are better able to apply that information to real-world
circumstances, which makes the content more understandable for them in the classroom.
Teachers with these attributes are eager to teach their students any new subject. In a
guestionnaire-based study, having a high level of content knowledge leads to a high level
of teacher preparedness (Huoy Tyan et al., 2020; Rohaida, 2017). The findings of the
study show that when teachers have a high degree of content knowledge, they supply
more teaching resources to create a more enjoyable learning environment.

In addition, once the teacher has achieved content understanding, he or she will be
able to modify activities in order to assist the students’ learning. (Nilsson & van Driel, 2011).
However, pedagogical content knowledge is one of the factors that determines whether or
not a teacher is ready to teach in addition to subject matter expertise (Chieng & Tan, 2019;
Mousa, 2016). The idea of pedagogical content knowledge was developed by Shulman
(1987) in response to his claim that teachers have a knowledge gap when it comes to subject
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matter. This example shows how teachers can use pedagogical subject knowledge in the
classroom before they can connect the topic knowledge with pedagogical and curriculum
knowledge, as shown. It has been shown that teachers who lack a strong foundation in
pedagogical content are unable to improve their skills as they progress through their careers
(Widodo, 2017). The outcomes of a study conducted by Kleickmann et al. (2017), however,
show that pedagogical content knowledge can only improve if teachers have a thorough
understanding of their subject matter. Teachers who don’t know their stuff aren’t able to
communicate effectively with their students, according to the research. Whether or not
the new curriculum is a success will largely depend on how well-prepared teachers are to
implement it. To stay on top of global education trends, curriculum is always evolving to
meet the needs of national education systems.

RESEARCH FRAMEWORK

The conceptual framework in Figure 1 illustrates the conceptual framework of this study.
The conceptual framework of this study is the combination of Shulman conceptualization
of teacher knowledge and Weiner’s theory to determine the level of teacher readiness to
teach QP in terms of their content knowledge. The integration of Shulman conceptualisation
of teacher knowledge and Weiner’s readiness to change theory will assist this study to
obtain the outcome of the study according to the objectives of this research.

Teacher’s Readiness to Teach Teacher’s Content Knowledge in
Quantum Physics Quantum Physics

Figure 1 The conceptual framework for factor influencing the level of teacher readiness to
teach physics secondary school quantum physics in Sabah

The conceptual framework of the study as shown in the Figure 1 describes the
objectives of the study as a whole. Firstly, is to identify the level of physics teachers
content knowledge to teach quantum physics. Secondly, to identify the level of teacher
readiness of teaching quantum physics in secondary schools.

METHODOLOGY

Research Design. Following a quantitative research design, this study employed a
deductive approach and administered survey questionnaire to describe the influence
of content knowledge towards the level of teacher’s readiness of teaching secondary
schools QP. This study reflects a positivist view based on hypothetico-deductive method
which means to verify the hypotheses which are frequently stated in quantitative terms
of functional relations between causal and explanatory factors (independent variables)
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and outcomes (dependent variables) (Park et al., 2019).This design is suitable in allowing
researcher to achieve the aims of the study primarily in examining relationship between
two variables as it follows a standardized procedure of ensuring reliability and validity of
the instruments that seek to respond the specified research questions and test related
hypotheses (Yan Piaw, 2020).

Sampling. For the purpose of this study, the current study’s population consisted of Form
Five Physics instructors in Sabah. The teachers involved come from a total of 24 districts
across six zones in Sabah. Due to the large geographical area of Sabah, this study employed
multistage cluster sampling followed by simple random sampling. 175 responses from
physics teachers were deemed eligible for data analysis after data cleaning.

Table 1 presents the demographic information of the participants, which
include their gender, zone in Sabah, experience and did they study QP in their
undergraduate studies.

Table 1 Demographic information of participants

Category Frequency Percentage, %
Gender Male 73 41.7
Female 102 58.3
Zone in Sabah 1 40 22.9
2 28 16.0
3 28 16.0
4 28 16.0
5 19 10.9
6 32 18.3
Years of teaching Physics Less than 5 years 22 12.6
5—-10years 50 28.6
11 -20years 77 44.0
21 -30years 26 14.9
Have studied QP in Yes 116 66.3
undergraduate studies No 59 33.7

Table 1 presents the demographic information of the participants. It shows that
41.7% are male, while the remaining 58.3% are females. 22.9% participants are from
Zone 1, 16.0% of the participants are from Zone 2, 3 and 4 respectively while 10.9%
of the participants from Zone 5, lastly 18.3% of the participants from Zone 6. For their
experience in teaching Physics, 12.6% of the respondents have experience less than 5
years, 28.6% of the respondents has an experience of between 5 to 10 years, 44.0% have
their experience between 11 to 20 years while 14.9% has an experience between 21 to
30 years. Most of the respondents (66.3%) have QP background in their undergraduate
studies while the remaining 33.7% of the respondent did not have QP background.
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Instrumentation. A survey questionnaire containing 31 items was used to
obtain information from the respondents. The items in the study’s questionnaire were
adapted and adopted with permission from the authors and modified accordingly to
fit the research objectives. Moreover, the questionnaire is divided in three sections:
Demographic information of respondents; Content Knowledge and Teacher Readiness.
The questionnaire was based on ten-point interval scale with the following descriptors:
Strongly Agree=10 and Strongly Disagree=1.

For the validity of the instruments, this instruments have been validated via
two physics education experts who were familiar with the content knowledge of QP
and three statistics experts who were familiar with constructs validity. In the study by
Planinic et al. (2019), they asserted that physicists have been using the Rasch model for
data analysis for a long time. Thus, the Rasch Measurement Model (RMM) is an effective
solution for preparing high validity and reliability of the instrument by producing
detailed statistics (Bond & Fox, 2015). RMM assessed each respondent’s ability to
answer the instrument and measured the difficulty of each item on the instrument
(Green & Frantom, 2002). The instrument reliability based on the alpha coefficient
(KR-20) of the Cronbach (Cronbach) is .87. This value shows that the questionnaire’s
reliability is high (Sumintono & Widhiarso, 2015).

A Google Form was used to create an online questionnaire. The online instrument
would enable a broader range of respondents to be reached throughout the state, as
it can be easily distributed to the targeted respondent via a link shared on various
sharing platforms. The questionnaires were distributed to 180 Physics teachers in Sabah
via Google Form link after getting permission for collecting data. The teachers who
participated voluntarily in this study were asked to answer all questions carefully and
honestly based on their experiences and perceptions of the implementation of QP in
secondary school’s curriculum. After one month, 178 response of the survey was collected.
After data cleaning and considering all outliers, a total of 175 questionnaires were tallied
for this study.

Data Analysis Method. The collected data were analyzed using SPSS (V.28) software for
descriptive statistic. Frequencies and percentages were used to get information about
the background of the respondents, as well as the level of of their content knowledge
and readiness of teaching secondary schools QP.

FINDINGS

The survey instruments were intended to study the Physics teachers’ level of content
knowledge of QP and their level of readiness of teaching secondary schools QP. The total
mean score for each section based on constructs is tabulated in Table 2. Based on Table
2, majority of the respondents were medium high in their content knowledge (M = 6.78,
SD=0.73) inregard to QP topics. On the other hand, the finding also shows that majority
of the respondents possesses medium high of readiness (M = 6.96, SD = 0.74) on the QP
implementation in secondary school physics curriculum.
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Table 2 Total mean score on section based on this survey

Section Mean SD
Physics teachers’ content knowledge of QP 6.78 0.73
Physics teachers’ readiness to teach QP 6.96 0.74

Data presented on Table 3 shows that majority of the respondents admitted that
they had unclear understanding on two items in the section 2.

Table 3 The lowest mean score for Section 2

Section 2: Teachers’ Content Knowledge Mean SD
Electrons are always behaving as particles. 3.71 2.03
Light always behaves as waves. 3.91 2.40

Based on Table 4, majority of the respondents plan to prepare same set of
questions for all level of achievement in learning of QP (M = 3.39, D = 1.79). On the
other hand, respondents do score low in their readiness to visualize abstract quantum
phenomena to students (M = 3.64, SD = 2.08).

Table 4 The lowest mean score for Section 3

Section 3: Teachers’ Readiness to teach QP Mean SD

| plan to prepare same set of questions for all level of 3.39 1.79
achievement in learning of quantum physics.

| plan to draw in the teaching and learning process to 3.64 2.08
visualize abstract quantum phenomena to students.

DISCUSSION

Teachers’ Content Knowledge on Quantum Physics. The finding of this research reveals
that teachers have a moderately high level of content knowledge regarding QP. This
demonstrates that, despite their initial knowledge of QP, many teachers continue to
have doubts about the fundamental properties of QP. The two items with the lowest
means show that teachers uncertain about the duality properties of electron and light
respectively. This is also has been found in the study by Héraud et al., (2017) whereby
wave duality properties has been a challenge to teachers’ understanding. However, this
study found that most teachers’ have medium high level of understanding towards the
concepts of electron, structure of atom and the phenomena of QP. In order to make sure
teachers have more confidence when delivering QP topic content, teachers have to put
efforts to ensure that the level of understanding about the theory and teaching methods
for QP topics may be increased (Balta, 2018).
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Teachers’ Readiness of Teaching Secondary Schools Quantum Physics. Since QP is a
newly added topic to the physics curriculum, teacher readiness to teach it in secondary
schools is dependent on the teacher’s maturity and experience (Du & Chaaban, 2020b;
Kondakci et al., 2015). Teacher readiness of teaching this topic is also defined as the
willingness of the teacher to take on responsibilities that cover aspects such as interests,
attitudes, knowledge and skills of the regarding topic (Wearmouth et al., 2000). The
findings of this study found that there are two items of teacher readiness that have the
lowest mean score. The two items were related to the preparation of a common set of
qguestions for all levels of student achievement in QP learning in the classroom. While
the other item is related to the description of abstract quantum physics phenomena
through drawings on the whiteboard to give a clear picture to students during the learning
and teaching process. The abstract QP cannot be clearly explained to students solely
through drawings alone, explanations need to use simulations to help students to better
understand (Kalkanis et al., 2003; Kohnle et al., 2010; Mdller & Wiesner, 2002). Therefore,
teachers need to be better prepared in terms of proactive teaching techniques.

IMPLICATION AND CONCLUSION

The purpose of this study is to determine the level of content knowledge and readiness
of physics teachers to implement QP in secondary school physics curriculum. The findings
of this study may provide educational stakeholders with an up-to-date image of Physics
teachers’ content knowledge and readiness for QP implementation. This study proposes
that Physics teachers take proactive measures to maintain their level of content knowledge
on the newly introduced topic in Physics KSSM, as this may have a significant impact
on their readiness to implement the QP in the physics curriculum. In terms of future
research, this study can be applied to broader facets of Malaysia’s current secondary
school curriculum. For instance, the study might be undertaken with a bigger sample
size to ensure that the results have a wider impact and that generalisation to a larger
population is achievable. Finally, it is advised that this study be replicated using a mixed
methods approach to enable researchers to acquire a more comprehensive understanding
of Physics teachers’ level of content knowledge and readiness for newly added topics in
secondary school physics curricula.
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