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Mathematics lecturers who are teaching at the foundation level, which is one of the 

pre-university programmes in Malaysia, play an essential role in preparing students 

for higher-level mathematics or courses that extend mathematics knowledge beyond 

what was covered in secondary school. A lecturer with a limited grasp of 

mathematical content knowledge and pedagogical content knowledge has little room 

for progress or novelty in the classroom or the ability to fuel students’ interest in the 

mathematics subject. The results of international assessments in mathematics 

showed that students in countries such as Singapore and Japan are very successful in 

mathematics at the school level. This indicates that the students have high potential 

in their ability to do problem solving and higher order thinking when they pursue 

mathematics learning in higher education. In these countries, mathematics teachers 

work together and research about lesson plans collaboratively. They improve their 

content knowledge and pedagogical content knowledge through teamwork using a 

method of mathematics teaching which originated from Japan, which is called 

Lesson Study. This study was conducted in a Foundation Center of a public 

university in Malaysia. The study which employed the mixed method was aimed to 

explore the impact of Lesson Study on mathematics lecturers’ content knowledge 

(common content knowledge and specialized content knowledge) and pedagogical 

content knowledge (knowledge of content and teaching as well as knowledge of 

content and students) and students’ outcomes in mathematical problem solving, 

motivation in mathematics and mathematics anxiety. A group of nine lecturers 

(seven mathematics lecturers, a physic lecturer and the researcher) contributed in 

developing research lessons through Lesson Study and two foundation classes with 

95 students participated in the experimental part of the study. The researcher adopted 

the qualitative case study method to understudy the Lesson Study group and quasi-

experimental method for the two foundation classes which were assigned as control 
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and experimental groups. The lecturers collaboratively planned, discussed and 

designed five research lessons and following that, the students underwent five weeks 

of learning based on the lessons developed. Data collection methods which 

comprised of interviews, observations and mathematics tests were used to collect 

data of the lecturers. Data for the quantitative part were collected using tests to 

determine the students’ mathematical problem solving ability, as well as a motivation 

questionnaire (Butler, 2016) and an anxiety questionnaire (Bai, 2011). The results of 

this study showed that mathematics lecturers through collaborative work and sharing 

of knowledge and experiences greatly improved their content knowledge and 

pedagogical content knowledge. Furthermore, there were significant differences 

between the experimental and control groups in scores for mathematics problem 

solving tests, motivation and anxiety but there is no statistical significant interaction 

between treatment groups and gender on problem solving tests, motivation and 

anxiety scores. In summary, the results of this study showed that Lesson Study is a 

dynamic teaching method for pre-university programme and it has potentials in 

improving mathematics lecturers’ content knowledge (common content knowledge 

and specialized content knowledge) and pedagogical content knowledge (knowledge 

of content and teaching as well as knowledge of content and students) in order to 

enhance student learning in mathematics through use of research lessons based on 

problem solving approach and higher order thinking skills. 
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Pensyarah matematik yang mengajar di peringkat asasi, yang merupakan salah satu 

daripada program pra-universiti di Malaysia, memainkan peranan penting dalam 

menyediakan pelajar untuk matematik aras tinggi atau kursus yang memperluas 

pengetahuan matematik melebihi apa yang diajarkan di sekolah menengah. 

Pensyarah yang mempunyai penguasaan yang terhad tentang pengetahuan isi 

kandungan dan pengetahuan pedagogi kandungan dalam matematik mempunyai 

kekangan untuk memajukan diri atau membuat pembaharuan di dalam bilik darjah 

dan kebolehan untuk meningkatkan minat pelajar terhadap subjek matematik. 

Keputusan pentaksiran antarabangsa dalam matematik menunjukkan pelajar dari 

negara seperti Singapura dan Jepun sangat berjaya dalam matematik pada peringkat 

sekolah. Ini menunjukkan pelajar mereka mempunyai potensi tinggi dalam 

kebolehan menyelesaikan masalah dan pemikiran aras tinggi apabila mereka 

meneruskan pembelajaran matematik di peringkat pendidikan yang lebih tinggi. Di 

negara tersebut, guru matematik berkolaborasi dalam merancang dan mengkaji 

tentang rancangan pengajaran. Mereka menambah baik pengetahuan kandungan dan 

pengetahuan pedagogi kandungan melalui usaha kumpulan menggunakan kaedah 

pengajaran matematik yang dipelopori di Jepun, yang dikenali sebagai Lesson Study. 

Kajian ini telah dilaksanakan di sebuah Pusat Asasi di sebuah universiti awam di 

Malaysia. Kajian yang menggunakan kaedah campuran ini bertujuan untuk 

meneroka kesan Lesson Study ke atas pengetahuan kandungan (pengetahuan 

kandungan umum dan pengetahuan kandungan khusus) dan pengetahuan pedagogi 

kandungan (pengetahuan tentang kandungan dan pengajaran serta pengetahuan 

tentang kandungan dan pelajar) dan hasil pelajar dalam menyelesaikan masalah 

matematik, motivasi dalam matematik dan kerisauan dalam matematik. Sekumpulan 

sembilan orang pensyarah (tujuh orang pensyarah matematik, seorang pensyarah 

fizik dan penyelidik) menyumbang dalam membangunkan research lessons melalui 
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Lesson Study dan dua kelas asasi dengan 95 orang pelajar terlibat dalam bahagian 

eksperimen kajian ini. Penyelidik menggunakan kaedah kualitatif kajian kes bagi 

menyelidik kumpulan Lesson Study dan kaedah eksperimen kuasi bagi dua kelas 

asasi yang di rencanakan sebagai kumpulan kawalan dan kumpulan eksperimen. Para 

pensyarah secara kolaboratif merancang, membincang dan merancang lima research 

lessons dan selepas itu, pelajar mengikuti pembelajaran selama lima minggu 

berdasarkan pelajaran yang dibangunkan. Kaedah pengumpulan data yang 

merangkumi temu bual, pemerhatian dan ujian matematik digunakan untuk 

mengumpulkan data bagi pensyarah. Data bagi bahagian kuantitatif dikumpul 

menggunakan ujian bagi mengenalpasti kemampuan pelajar dalam menyelesaikan 

masalah matematik, soal selidik motivasi (Butler, 2016) dan soal selidik 

kebimbangan (Bai, 2011). Keputusan kajian menunjukkan bahawa pensyarah 

matematik melalui usaha kolaboratif dan perkongsian ilmu dan pengalaman telah 

dapat meningkatkan pengetahuan kandungan dan pengetahuan pedagogi kandungan 

mereka. Tambahan pula, terdapat perbezaan signifikan antara kumpulan kawalan 

dan eksperimen dalam skor bagi pencapaian matematik, motivasi dan kerisauan, 

tetapi tiada perbezaan signifikan dikesan bagi skor min bagi kumpulan berdasarkan 

jantina. Sebagai rumusan, dapatan kajian menunjukkan Lesson Study merupakan 

satu kaedah pengajaran yang dinamik bagi pengajian peringkat pra-universiti dan ia 

berpotensi meningkatkan pengetahuan kandungan (pengetahuan kandungan umum 

dan pengetahuan kandungan khusus) dan pengetahuan pedagogi kandungan 

(pengetahuan kandungan dan pengajaran serta pengetahuan kandungan dan pelajar) 

pensyarah bagi membolehkan peningkatan pembelajaran pelajar melalui 

penggunaan research lesson berasaskan pendekatan penyelesaian masalah dan 

kemahiran berfikir aras tinggi. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background of the Study 

It is clear that mathematics is a practical science in human life and mathematicians 

could provide the answer to many questions of other sciences. In other words, 

mathematics is a fundamental subject that contributes to other areas such as the 

science, technology, art, social science, and engineering. Therefore, mathematics is 

a main subject to be offered for primary and secondary schools in every country. In 

fact, mathematics education is too critical for individual countries and for the global 

economy as a whole (Harsono, 2016; Mundy, 2007).  

The effort to ensure students have the basic knowledge in mathematics to prepare 

them for future undertakings has to start from the teachers. Hence, developed 

countries focus on improving mathematics educators’ knowledge and skills in their 

initiatives to improve students’ abilities in mathematics. Although, mathematics 

educators can improve their content knowledge and pedagogical content knowledge 

with the aids of technology such as smart phone, tablets and the wide use of internet, 

collaborative work with other colleagues and sharing of their experiences and 

knowledge can be more beneficial. Thus, educators through suitable teaching 

methods can improve their students reasoning, thinking skills and problem solving 

abilities (Ibibio & Sanderson, 2016). In many of countries, mathematics teachers 

tend to stick to their traditional ways of teaching and they resist changes in their 

delivery methods (Khalid, 2017; Mon, Dali, & Sam, 2016; Sherman & Wither, 

2003). It has been observed that majority of students in these traditionally taught 

classes cannot learn mathematics conceptually and they do not find the instruction 

interesting (Harsono, 2016). Their lack of skills in mathematics problem solving also 

create many challenges for them in learning mathematics (Palraj, Dewitt, & Alias, 

2017; Peranginangin & Surya, 2017; Tambychik & Meerah, 2010). 

1.2 Professional Development for Mathematics Teachers 

Improving the quality of teaching by increasing the content knowledge (CK) and 

pedagogical content knowledge (PCK) of mathematics teachers in order to improve 

student’s achievement is significant to teacher’s professional development. National 

Council of Teachers of Mathematics (NCTM) (2000) explained that educational 

standards should encourage students to solve complex mathematics problems in 

order to increase the general mathematical understanding. Mathematics teachers 

need to continuously learn new conceptual techniques from in-service courses and 

workshops in order to improve their knowledge. However, Soebari (2012) found that 

these professional development activities are not relevant for all mathematics 

teachers although they received new materials. The materials that the teachers 

received from the professional development courses may not be suitable with their 
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school context because of differences in student numbers, students’ abilities, 

resources and facilities (Harsono, 2016). Problem solving is the most important part 

of mathematics teaching and learning. It seems mathematics teachers need to 

improve their knowledge about content, pedagogy, context, technology and 

psychology in order to prepare suitable situations in mathematics learning among 

their students through problem solving.  

Mathematical CK is an important part of mathematics teachers’ knowledge because 

it relates to deep understanding of mathematics topics and link between topics. With 

adequate knowledge, educators would be able to facilitate students to enhance their 

mathematics knowledge and prepare them for their future lives (Capraro, Capraro, 

Parker, Kulm, & Raulerson, 2005; Harsono, 2016). Ball et al. (2008) based on 

Shulman’s definition (1986) divided CK in two parts as follows: 

i. Common content knowledge (CCK), which refers to mathematical 

knowledge which is not specific to teaching, and 

ii. Specialized content knowledge (SCK), which is the mathematical 

knowledge used in teaching. 

 

 

Mathematics CK is the core of mathematics educators’ knowledge and it is strongly 

related to mathematics teachers’ PCK. Effective and interestingly conducted 

teaching not only requires high level of CK but also PCK which include teachers’ 

practice, module, method, and abilities in creating appropriate activities for students.  

Mathematics educators need to understand the mathematics subject, pedagogy and 

students as learners as part of their professional development (Mon et al., 2016). 

They can improve PCK through their experiences in the classroom, collaboratively 

working with colleagues and participating in workshops or in-service courses. Ball 

et al. (2008) divided PCK in two parts as follows: 

i. Knowledge of content and students (KCS), which refers to how students 

learn the concept of mathematics, and 

ii. Knowledge of content and teaching (KCS), which emphasizs on 

mathematics lessons including selection of examples, exercises and 

problems.  

 

 

1.3 Lesson Study 

The Japanese model of Lesson Study has transformed schools into learning 

organizations and Lesson Study has received attention of educational researchers and 

agents of education and learning improvement across the world from the last decade 

(Farhoush, Majedi, & Behrangi, 2017). Dudley (2011) and Harsono (2016) described 

Lesson Study as an approach which is a highly specified form of classroom action 

research focusing on the development of mathematics teachers practice knowledge 
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and CK. The main purpose of the Lesson Study approach is to encourage 

mathematics teachers to be more responsive to student’s achievement and improve 

the quality of teaching and learning (Iksan & Md Rahim, 2017; Saito & Sato, 2012). 

The results of Japanese students in international assessments such as Trends in 

International Mathematics and Science Study (TIMSS), TIMSS Advanced and 

Programme for International Students Assessment (PISA) reflect that Lesson Study 

is an effective method for teaching in Japan. Muarata and Takahashi's (2002) study 

which involved 125 primary school teachers in the vicinity of Tokyo found that 

91.3% of respondents felt that the Lesson Study was found to be effective and 

efficient. 

Grossman and McDonald (2008) asserted that teachers’ pedagogy needs to be 

enhanced through intensed prolonged training. There need to be more effort to 

improve teaching quality, hence researchers and educators have become interested 

in developing more prolonged forms of professional development, including Lesson 

Study (Harsono, 2016).   

Hurst, Armstrong and Young (2011) explained that professional development could 

develop self-confidence, content knowledge, pedagogical knowledge, and 

engagement with students. Lesson Study is a teacher’s professional development 

model and educators can used it for every subject at any level of education (Cheng 

& Yee, 2011). The results of many studies showed that Lesson Study is a dynamic 

teaching approach for school levels and it has potentials in improving mathematics 

teachers’ knowledge and performance. The researcher is interested to study about 

Lesson Study in foundation level, because there is no study about the impact of 

Lesson Study on lecturers’ knowledge and students’ outcomes in the Malaysian 

context. Furthermore, the researcher is a mathematics educator at this level and he is 

familiar with the environment and situation of mathematics teaching and learning in 

this level. 

1.4 Mathematics Problem Solving Ability among Students 

Problem solving is the core of mathematics learning and many countries try to 

improve the PCK of mathematics teachers to improve the students’ higher order 

thinking skills through problem solving. For example, mathematics education in 

Japan focuses on problem solving and higher order thinking among students, thus 

the results of Japanese students in mathematics are among the highest in international 

assessments. In problem solving method, two important components should be 

considered by educators. First, students need to learn how to minimize memorization 

and second, how they can improve higher order thinking skills. 

Many students believe that mathematics is hard and not motivating therefore, many 

of them do not like to continue formal mathematics study at the university level 

(Ricks, 2009). Students with low level of motivation and interest in mathematics 

cannot learn the concept of mathematics easily (TIMSS, 2015). Therefore, this group 

of students is usually confused when doing mathematical problem solving. Arem 
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(2009) described that low ability in problem solving and mathematical thinking 

results in mathematics anxiety among students, which then influences students’ 

performance. It has been established that there is a strong negative relationship 

between the level of mathematics anxiety and students problem solving ability in 

mathematics (Elenchothy, 2007; Sherman & Wither, 2003; Zakaria, Zain, Ahmad, 

& Erlina, 2012). Therefore, problem solving approach has an important role in 

improving mathematics problem solving ability among students and educators 

should consider it as an important aspect of learning mathematics. 

1.5 Statement of the Problem 

Malaysia is a developing nation and its aim is to be a developed country therefore, 

Malaysian Ministry of Education (MOE) has been planning strategically to improve 

the education standard to be at par with developed countries (Mon et al., 2016). They 

further added MOE tries to enhance the knowledge of educators and students in 

mathematics as a fundamental subject, which is done through problem solving and 

higher order thinking. 

In Malaysia, as in few other countries, students are facing difficulties in mathematics 

problem solving and their abilities do not allow them to solve the problems 

completely (Matanluk, Johari, & Matanluk, 2013; Palraj et al., 2017; Peranginangin 

& Surya, 2017). The results of Malaysian students in international mathematics 

assessments such as TIMSS and PISA indicated that students in secondary schools 

seem to lack problem solving skills (Abdullah & Peters, 2015). One of the factors 

that contributes to students poor performance in problem solving is the teaching 

method because the majority of educators teach mathematics by emphasising on 

practice of routine exercises and conduct it in traditional way, hence many students 

do not have the mastery of the problem solving process (Khalid, 2017; Mon et al., 

2016).  

The results of the 8th grade students in TIMSS from 1999 to 2015 illustrate that 

Malaysian student’s performance in mathematics is so much lower as compared to 

other Asian countries such as Japan, China, South Korea and Singapore. The ranks 

of Malaysian 8th grade students in mathematics were 16, 10, 20, 26 and 22 in TIMSS 

assessments in the year 1999, 2003, 2007, 2011 and 2015 respectively. Meanwhile, 

in 2007, 2011 and 2015, the Malaysian 8th grade average score in mathematics were 

below the international average score (TIMSS, 2015). It also seems there is 

considerable difference between the performance of Malaysian students in problem 

solving and higher order thinking skills by gender. For instance, in all TIMSS 

assessments the average scores of girls were higher than the average scores of boys. 

In PISA, Malaysia ranks 52 out of 65 for mathematics and 39 out of 44 in problem 

solving (OECD, 2014). For higher order thinking skills, about half of the Malaysian 

participants in PISA were in level 1 (Remembering), only about 1% were able to 

solve the most complex problems at level 5 (Evaluating) and 6 (Creating) and most 

students were at level 2 (Understanding) or 3 (Applying) (OECD, 2014). In fact, the 
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results of Malaysian 8th grade students in TIMSS and 15-years students in PISA 

showed that mathematics problem solving skills are poor among secondary school 

students. Mathematics teaching in Malaysia can still be characterized as teacher-

centred with emphasis on solving of exercises through traditional method (Khalid, 

2017; Lim, 2010; Mon, 2009). Khalid (2017) explained that mathematics teachers 

use chalk-and-talk approach and spend a lot of time drilling the students with practice 

exercises and past examination questions. Public examination questions do not 

require higher order thinking skills but rather, rote memorization and procedural 

skills. Johannsdottir (2013) claimed that the quality of students mathematical 

problem solving and abilities will continue to other grade levels. It can be assumed 

that performance of students in schools will be carried on to their pre-university and 

university education.  

The results of the international assessments confirm that problem solving skill is 

poor among Malaysian students, which is partly contributed by the traditional 

teaching methods practiced by teachers (Khalid, 2017). In secondary schools, 

mathematics teachers normally prefer to provide practices on routine mathematics 

exercises, instead of mathematics problems. At higher levels, especially in pre-

university or university programmes, mathematics teaching creates an even bigger 

challenge for majority of the educators because of the complexity of the contents. 

Hence, educators often resort to the use of mathematics exercises for their students 

because teaching problem solving would require higher level of CK and PCK and 

more time (Mon, 2009). Mathematics problem solving posed difficulty among 

Malaysian  students as well students of other countries (Harsono, 2016; Intaros, 

Inprasitha, & Srisawadi, 2013; McDonald, 2009; Mon, 2009). However, how can 

students learn mathematics without problem solving and how can students 

experience the beauty of mathematics without problem solving? 

Inability to do problem solving may result in the students memorizing the methods 

to solve the problems. Memorization method is common among the majority of 

Malaysian students in secondary schools (Khalid, 2017; Mon, 2009). They memorize 

the theorems, formulas, shortcuts, mathematics relations, methods and techniques 

but they may not be able to apply them in problem solving. The frustration in doing 

problem solving may cause them to lose confidence and motivation. For example, 

the studies about TIMSS (2015) illustrated that the Malaysian students had the lowest 

motivation (after Thailand students) in learning mathematics. The results of some 

studies about the mathematics anxiety in Malaysia showed that approximately a third 

of students in secondary schools annoy from high level of mathematics anxiety and 

they engage in negative thinking about their self-ability (Arem, 2009; Mohamed & 

Tarmizi, 2010; Zakaria et al., 2012). Researchers who investigated the countries that 

are successful in mathematics, in search of the success formula often found that the 

quality of the mathematics teachers is one common key component that determines 

mathematics achievement among students (Mon et al., 2016; Stanford & Reeves, 

2009).  
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The result of a study by Alfan and Othman (2005) showed that students performance 

at the university level is closely related to their performance prior to entering the 

university, especially in subjects such as mathematics.  Hattie (2009) explained that 

students’ mathematics performance is not related to their abilities and characteristics, 

but contributed significantly by other factors such as teaching methods. In foundation 

centers, lecturers lack opportunities to participate in in-service programmes. Usually 

lecturers with degrees related to pure mathematics and applied mathematics teach 

the mathematics courses at this level. There is a need for them to improve their CK 

and PCK continuously based on new methods, techniques and learning theories. 

Thus, suitable professional development programme is necessary for mathematics 

educators in foundation level to continuously develop their ability in helping students 

to improve their problem solving and higher order thinking skills. It is evident that 

Lesson Study is an effective approach to improve CK and PCK of teachers. 

Consequently, this results in better instruction and increased performance, higher 

motivation and less anxiety among the students. However, Lesson Study has been 

implemented and tested mainly in schools and no study has focused on pre-university 

or university students. For this reason, this study sought to look into the impact of 

Lesson Study at the pre-university level, which is the Foundation level, on the 

lecturers’ CK and PCK and also the students’ outcomes. 

1.6 Objectives of the Study 

The aims of this study are twofold. Firstly, to investigate the impact of Lesson Study 

on mathematics lecturer’s CK and PCK. Secondly, to determine the impact of Lesson 

Study on student’s outcomes, specifically problem solving abilities, mathematics 

anxiety and motivation in mathematics. The purpose of the Lesson Study is to 

improve mathematics lecturers’ knowledge and teaching practices in order to 

improve student’s mathematics learning and problem solving. The main objectives 

of this study are as follows: 

1. To describe the lecturers’ content knowledge (CCK and SCK) before and 

after their involvement in the Lesson Study. 

2. To describe the lecturers’ pedagogical content knowledge (KCT and KCS) 

before and after their involvement in the Lesson Study. 

3. To determine the impact of the implementation of Lesson Study on 

students’ problem solving abilities, mathematics anxiety and motivation in 

learning mathematics. 

4. To determine whether there are statistical differences in the interaction of 

treatment groups and gender on students’ problem solving abilities, 

mathematics anxiety and motivation in learning mathematics.  
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1.7 Research Questions 

The objectives of this study will be achieved through the following research 

questions: 

1. What are the lecturers’ content knowledge before and after being involved 

in the Lesson Study? (Objective 1) 

2. What are the lecturers’ pedagogical content knowledge (in aspects of 

classroom time management, students’ assessments, lecturers’ materials, 

teaching method and students’ activities) before and after being involved in 

the Lesson Study? (Objective 2) 

3. What is the impact of the implementation of Lesson Study on students’ 

ability in mathematical problem solving? (Objective 3) 

4. What is the impact of the implementation of Lesson Study on students’ 

mathematics anxiety? (Objective 3) 

5. What is the impact of the implementation of Lesson Study on students’ 

motivation in mathematics learning? (Objective 3) 

6. What is the interaction between treatment groups and gender on problem 

solving skills? (Objective 4) 

7. What is the interaction between treatment groups and gender on 

mathematics anxiety? (Objective 4) 

8. What is the interaction between treatment groups and gender on motivation 

in mathematics learning? (Objective 4) 

 

 

1.8 Research Hypotheses 

Based on the research questions (RQ) 3, 4, 5, 6, 7 and 8, the following hypotheses 

were stipulated: 

H01  There is no statistical significant difference in the problem solving Test1 scores 

between the experimental and control groups. (RQ 3) 

 

H02  There is no statistical significant difference in the problem solving Test2 scores 

between the experimental and control groups. (RQ 3) 

 

H03  There is no statistical significant difference in the problem solving post-test   

scores between the experimental and control groups. (RQ 3) 

 

H04  There is no statistical significant difference in the problem solving follow-up 

test scores between the experimental and control groups. (RQ 3) 

 

H05  There is no statistical significant difference in the problem solving test scores 

between the experimental and control groups during times points between pre-

test, post-test and follow-up test. (RQ 3) 
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H06   There is no statistical significant difference in the weighted scores of 

mathematics problem solving Test w2 between the experimental and control 

groups. (RQ 3) 

 

H07   There is no statistical significant difference in the weighted scores of 

mathematics problem solving Test w3 between the experimental and control 

groups. (RQ 3) 

 

H08   There is no statistical significant difference in the weighted scores of 

mathematics problem solving Test w4 between the experimental and control 

groups. (RQ 3) 

 

H09   There is no statistical significant difference in the weighted scores of 

mathematics problem solving Test w5 between the experimental and control 

groups. (RQ 3) 

 

H10   There is no statistical significant difference in the weighted scores of 

mathematics problem solving tests between the experimental and control 

groups during times points between Test w1, Test w2, Test w3, Test w4 and 

Test w5. (RQ 3) 

 

H11  There is no statistical significant difference in the mathematics anxiety post-test 

scores between the experimental and control groups. (RQ 4) 

 

H12  There is no statistical significant difference in the mathematics motivation post-

test scores between the experimental and control groups. (RQ 5) 

 

H13  There is no statistical significant difference in the intrinsic motivation post-test 

scores between the experimental and control groups. (RQ 5) 

 

H14  There is no statistical significant difference in the mastery orientation post-test 

scores between the experimental and control groups. (RQ 5) 

 

H15  There is no statistical significant difference in the performance orientation post-

test scores between the experimental and control groups. (RQ 5) 

 

H16 There is no statistical significant difference in the expectancy post-test scores 

between the experimental and control groups. (RQ 5) 

 

H17   There is no statistical significant interaction between treatment groups and 

gender on problem solving test scores in Test1 and Test2. (RQ 6) 

 

H18   There is no statistical significant interaction between treatment groups and 

gender on problem solving test scores in post-test and follow-up test. (RQ 6) 

 

H19   There is no statistical significant interaction between treatment groups and 

gender on weighted scores of problem solving tests in Test w2, Test w3, Test 

w4 and Test w5. (RQ 6) 
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H20  There is no statistical significant difference in the weighted scores of 

mathematics problem solving tests between the experimental and control 

groups during time points between Test w1, Test w2, Test w3, Test w4 and 

Test w5 by gender. (RQ 6) 

 

H21   There is no statistical significant interaction between treatment groups and 

gender on mathematics anxiety scores in pre-test and post-test. (RQ 7) 

 

H22  There is no statistical significant difference in the mathematics motivation post-

test scores between experimental and control groups by gender. (RQ 8) 

 

H23  There is no statistical significant difference in the intrinsic motivation post-test 

scores between experimental and control groups by gender. (RQ 8) 

 

H24  There is no statistical significant difference in the mastery orientation post-test 

scores between experimental and control groups by gender. (RQ 8) 

 

H25  There is no statistical significant difference in the performance orientation post-

test scores between experimental and control groups by gender. (RQ 8) 

 

H26  There is no statistical significant difference in the expectancy post-test scores 

between experimental and control groups by gender. (RQ 8) 

 

 

1.9 Significance of the Study 

Mathematics teachers need to continuously try out new approaches to improve 

students’ learning in mathematics. Malaysia has been undergoing several education 

revamps and reviews especially in its educational policies to achieve a higher level 

of educational standard (Mon, 2009). Hence, the findings of this study will contribute 

greatly to the limited knowledge exploration on the use of the Lesson Study approach 

in improving both the teachers and students’ knowledge. This study will also broaden 

the understanding on the implementation of Lesson Study in Malaysian mathematics 

education. In designing effective Lesson Study environment, educational designers 

need to have a clear understanding of the implementation levels and stages of the 

Lesson Study approach. 

Findings of this study would allow administrative leaders and policymakers to 

develop a clear understanding of the requirement and implementation of the Lesson 

Study approach. In particular, to improve the mathematics standards, change needs 

to be addressed in three dimensions; the mathematics teachers/lecturers’ professional 

development, student’s achievement in problem solving and producing suitable 

textbooks and modules which have specific focus and guide on problem solving.  

Mathematics is one of the core courses subjects taught in Malaysian curriculum, as 

well as in many other countries. The task of the mathematics teachers at all levels is 

considered critical and challenging. Thus, mathematics lecturers and teachers need 
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to continuously improve their content knowledge and pedagogical content 

knowledge.   

1.10 Limitation of Study 

This study involved seven mathematics lecturers, a physics lecturer and the 

researcher as participants of the Lesson Study group and two classes of a foundation 

programme in one public university in Malaysia. For the experiment to determine 

the impact of the Lesson Study, only 86 students were involved. This is considered 

adequate for an experimental study. However, studies such as this, done within a 

specific context would have limitations in terms of generalization to other lecturers 

in other foundation centres or to those teaching other subjects. The findings of this 

research are based on the data collected from questionnaires, problem solving tests, 

interviews with mathematics lecturers and observations of their discussions. Thus, 

the accuracy and truthfulness of the data are also based on the quality of participants’ 

responses and participations.  

1.11 Operational Definitions 

Every key phrase used in this research is conceptually and operationally defined in 

order to help the researcher in developing the research instruments, data analysis, 

and discussion of the findings. 

1.11.1 Mathematical Problem Solving 

According to NCTM (2000), a mathematics task is considered as a mathematics 

problem if the students are engaged with the task for the first time and it creates a 

challenge for them. Therefore, in this study, mathematical problem solving refers to 

engaging students in mathematics tasks that they have not encountered before. In 

this study, students’ ability to solve mathematics problems is measured using 

problem solving pre-test, Test 1, Test 2, post-test, follow-up test and weighted scores 

for all tests (Test w1, Test w2, Test w3, Test w4 and Test w5). To determine whether 

a task is a problem, each question was checked with the materials in the textbook 

and lecturers’ lessons. Specifically, the mathematics problems that relate to student’s 

everyday life and with other subjects such as physics, chemistry and biology are 

referred to as practical problems. 

1.11.2 Mathematics Exercise 

Based on NCTM's (2000) definition, a task is regarded merely as a mathematics 

exercise if the task is not new and not a challenge for the students. In this study, 

mathematics exercise solving refers to engaging students in tasks that students have 

learned or solved before. 
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1.11.3 Lesson Study and Research Lesson 

Lesson Study refers to a teaching approach that brings a group of mathematics 

teachers/lecturers to work collaboratively on a topic to plan a lesson, teach and/or 

observe the lesson, reflect and discuss on the lesson that was taught in order to 

improve student’s achievement in mathematics learning and problem solving 

(Matanluk et al., 2013). These lessons that are developed are referred to as Research 

Lessons (Fujii, 2016) or Study Lessons (Fernandez & Yoshida, 2004). 

1.11.4 Professional Development 

According to  Avalos (2011), “professional development is about teachers learning, 

learning how to learn, and transforming their knowledge into practice for the benefit 

of their students’ growth. Teacher professional learning is a complex process, which 

requires cognitive and emotional involvement of teachers individually and 

collectively, the capacity and willingness to examine where each one stands in terms 

of convictions and beliefs and the perusal and enactment of appropriate alternatives 

for improvement or change” (p. 10). Education experts such as Crawford (2009) and 

King (2012) used the term continuous professional development, thus in some parts 

of this study, the term continuous professional development is used instead of 

professional development depending on the source of reference. In this study, 

programmes and activities that provides opportunities for lecturers to extend their 

knowledge is considered as part of professional development.   

1.11.4.1 Content Knowledge (CK) 

According to Shulman (1986), teacher’s CK refers to the teacher’s knowledge of the 

subject matter taught. Similarly, Ball et al. (2008) defined mathematical CK as 

mathematics knowledge used in teaching. In this study, mathematics lecturer’s CK 

comprises of their common content knowledge (CCK) and specialized content 

knowledge (SCK).  

a) CCK is defined “as the mathematical knowledge and skill used in settings 

other than teaching” (p. 399). In this study, CCK is determined using 

interviews, tests and odservations. 

b) SCK is the CK unique to teaching. Teachers make use of this knowledge in 

analyzing students’ errors, providing creative solutions, and when they 

explain and justify reasons behind mathematical procedures and algorithms. 

In this study, SCK is determined using interviews, tests and observations. 

 

 
1.11.4.2 Pedagogical Content Knowledge (PCK) 

Shulman (1987) defines PCK as “the blending of content and pedagogy into an 

understanding of how particular topics, problems, or issues are organized, 
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represented, and adapted to the diverse interests and abilities of learners, and 

presented for instruction” (p. 9). Ball et al. (2008) categorized PCK into two types; 

(i) knowledge of content and students (KCS) that refers to the interaction between 

the students and the content, and (ii) knowledge of content and teaching (KCT) that 

merges the knowledge of mathematics and teaching. Morrison and Luttenegger 

(2015) defined PCK as the intersection of lecturer’s CK, pedagogical knowledge and  

context knowledge of the student’s learning situation. In this study, PCK includes 

CK, pedagogical knowledge, context knowledge and psychological knowledge. So 

at the foundation level, a lot of factors in mathematics teaching are related to the 

lecturers’ PCK. However, this study only emphasized on five important factors 

namely time management, students’ assessment, lecturers’ materials, teaching 

method and students’ activity. Mathematics lecturers’ PCK is determined using 

interviews, mathematics tests and observations of the lecturers’ activities in the 

Research Lessons process. 

1.11.4.2.1 Time Management 

Sahito, Khawaja, Panhwar, Siddiqui and Saeed (2016) explained that time 

management is a process of managing the time according to the need and 

requirement of work and activities in order to utilize and save time for an effective 

organizational progress and success. In this study, time management refers to the 

lecturers consideration of suitable time needed for students’ activities in problem 

solving. Therefore, time management is determined through interviews and 

observations of the lecturers’ activities in the Lesson Study group discussion and 

teaching in the class. 

1.11.4.2.2 Students’ Assessment  

Mathematics lecturers normally assess their students through some formal 

assessments such as quizzes, mid-term test, final examination and assignments. In 

this study, students’ assessment refers to the activities and it characterizes the 

knowledge and skills of the lecturer in using formative assessments during whole-

class lessons especially in doing mathematical problem solving. This method of 

students’ assessment require high level of PCK in order for the lecturers to discuss, 

encourage, evaluate and guide students. Falk (2012) concluded that through 

collaborative work, the teachers used their PCK as an integral part of their formative 

assessment practice. Studies of the development of teachers’ pedagogical content-

specific knowledge for teaching suggest that this knowledge can be developed 

through activities within or similar to formative assessment practices (Drageset, 

2010). In this study, assessment of students by the lecturers is described from the 

interviews and observations. © C
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1.11.4.2.3  Lecturers’ Materials 

Lecturers can plan the daily lesson plans individually or in a team. In this study, 

lecturers’ materials refers to lessons that are developed through collaborative work 

in determining suitable mathematics materials especially mathematics problems and 

practical problems, and gauging time needed to enhance and encourage students’ 

problem solving during class time. The quality of the lesson plans are described 

based on interviews, observations, Research Lessons and the materials taught by 

lecturers in their classes.  

1.11.4.2.4 Teaching Method 

Dorgu (2015) explained that method of teaching is a strategy by which a 

teacher/lecturer delivers his/her subject matter to the students based on some 

predetermined instructional objectives in order to enhance learning among the 

learners. In this study, teaching method refers to a strategy by which lecturer delivers 

mathematics materials to the students by emphasizing on problem solving in order 

to improve students’ learning. Meanwhile, teaching method used by the lecturers is 

summarized in this research based on the interviews, observations and Research 

Lessons conducted. 

1.11.4.2.5 Students’ Activity 

Every individual and teamwork by students in the classroom that were designed by 

mathematics lecturers such as communication (oral and/or written) among students 

in order to improve their abilities in problem solving are considered as student 

activity. Student activity helps students to have deep understanding about problem 

solving and critical thinking. Student activities are described through the interviews, 

observations and Research Lessons. 

1.11.5 Mathematics Anxiety 

Mathematics anxiety is defined as “feelings of tension and anxiety that interfere with 

the manipulation of numbers and the solving of mathematical problems in a wide 

variety of ordinary life and academic situations” (Richardson & Suinn, 1972, p.551). 

In this study, student’s mathematics anxiety was measured using a questionnaire 

developed by Bai (2011).  

1.11.6 Motivation in Mathematics 

Butler (2016) explained that if a person tends to engage in mathematics when the 

opportunity presents itself, then the person is considered to have motivation for 

mathematics. Operationally, a person has motivation for mathematics if he or she 

has high scores on an instrument, which has some evidence for validity, intended to 
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measure motivation for mathematics. In this study, student’s motivation in 

mathematics is measured using a questionnaire developed by Butler (2016). In this 

instrument, the first four items focused on intrinsic motivation as per self-

determination theory, the next four items are mastery orientation as per achievement 

goal theory, the next four items are performance orientation as per achievement goal 

theory, and the last four items are expectancy as per expectancy-value theory.  
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