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ABSTRACT 

ALSHWAL, HANA, A., Masters : January : [2022:], 

Masters of Arts in Curriculum and Instruction 

Title: The Impact of Using Lesson Study Approach on Students' Mathematical 

Problem-solving Ability in Primary Schools in Qatar 

Supervisor of Thesis:   Areej I. Barham. 

Problem-solving ability, as a major element of mathematics curriculum, helps 

learners become competent individuals qualified and prepared to positively impact in 

their societies. This research study was designed to explore the impact of using lesson 

study approach with problem-based learning (PBL) on students’ mathematical problem 

solving ability. A Mixed methods research design was utilized to collect data, with a 

sample of 117 fifth grade students and 10 of their teachers in primary schools in Qatar. 

Quantitative data were obtained through student’s mathematical problem solving test, 

while semi-structured interviews with teachers and students’ work were utilized to 

collect the qualitative data. The analyses of variance (ANOVA) test was used to analyze 

quantitative data, while thematic analysis was used to analyze data collected through 

the semi-structured interviews. Findings revealed that the Lesson Study approach with 

(PBL) had significantly improved students’ ability to solve mathematical problems, and 

promoted students’ skills, including perseverance, students’ thinking, reasoning, and 

using multiple representations.  
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CHAPTER ONE: INTRODUCTION 

Due to globalization, students must be equipped with the necessary skills to 

successfully deal with the changing and continuously evolving world (Stewart, 2012). 

Besides knowledge, students have to be adept in the much-needed 21st century skills 

such as creativity, collaboration, reasoning, critical thinking, and problem solving 

(Stewart, 2012). 

Problem-solving ability is considered the most important of all 21st century 

skills as complex challenges facing the global community are increasing (Barell, 2007). 

Kyllonen (2012) reported that several studies on Measurement of 21st Century Skills 

within the Common Core State Standards (CCSS) were correlated with the importance 

of problem-solving ability. For instance, a study directed by the Boston Advanced 

Technological Educational Connection, inquired employers’ opinions regarding what 

skills were the most essential in an employee. Results showed that problem-solving 

proficiency was the first top ten skills recognized and lacked in potential employees. 

Conley and Darling-Hammond (2013, p. 1) also noted that employees were required to 

be able to demonstrate higher thinking and communication skills, problem-solving 

proficiency and create strategies for workplace success. 

Mathematics assists us to make aware and understand of the world in which we 

live as we go about our daily lives. It is a known fact that Mathematics is used in various 

fields of knowledge and plays an important role in enhancing skills especially 

developing thinking and the ability to solve problems. The National Research Council 

Committee on Early Childhood Mathematics (2009) noted that the increasing needs of 

international competition in the 21st century demand a workforce that is qualified in and 

comfortable with mathematics. Moreover, the Common Core State Standards (2010) 

emphasized that students with math proficiency can implement the learned mathematics 
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skills to solve problems they face in their daily lives.  

 In addition, Mathematical skills assist in developing logical, conceptual and 

procedural knowledge, promoting positive attitudes, building self-esteem, and 

providing opportunities for cooperation in today’s world (Zenvenberg et al., 2004). 

Moreover, Students’ math skills can influence one’s competitive spirit and participation 

in technology and thereby, participation in the global economy as these skills are 

essential for economic growth (Norford, 2012). On this background, further attention 

to mathematics teaching and learning in schools is essential (Salim & Samman, 2011). 

Learning mathematics is the process of accumulating knowledge and skills and 

applying them in different contexts and real-life situations. Therefore, effective 

mathematics instruction requires teachers to know what students need to learn, their 

previous knowledge and experiences, to provide a level of challenge that stimulates 

students’ thinking, and the needed practice that helps students learn well (NCTM, 

2000). In addition, teaching mathematics includes a set of complex learning experiences 

that focuses on numerical procedures and concepts in mathematics. This complexity 

urges teachers to adopt new practices and differentiate learning experiences based on 

students’ needs (Lujan, 2020). Thus, teachers need to be involved in continuous 

professional development programs where they learn new skills, teaching strategies, 

and exchange experiences to be able to improve students' ability to solve problems, and 

develop their learning and performance in mathematics. Exchanging experiences that 

are reflected on creating rich educational environment, and developing students’ 

problem solving ability, learning and performance (NCTM, 2000).  

The National Council of Teachers of Mathematics (NCTM) and The Common 

Core State Standards (CCSS) have recommended changes in mathematical teaching to 

develop mathematics curriculum and instructions (NCTM, 2000; CCSS, 2010). They 
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also highlighted the importance for mathematics teachers to shift from directed 

instruction to problem-based learning (CCSSI, 2010; Lesh & Zawojewski, 2007; 

NCTM, 2000). Because students need to change the way they deal with mathematics, 

they need opportunities to deal with problems in scenarios that can be solved in various 

ways and may have more than one solution. They also need to apply acquired 

knowledge and skills to real world situations, while thinking, discussing, collaborating, 

and building various paths to reach a result. Additionally, students need to experience 

justifying their logic to others, as well as responding to others' arguments (Pinter, 2017).  

 Problem based learning (PBL) is an approach to teach and learn mathematics 

curriculum. It is an effective method if not the best method for students to learn how to 

use and apply their learning, understanding and skills in new contexts (Larmer, 

Mergendoller & Boss, 2015). In this approach, students have the opportunities to learn 

concepts, varied solution strategies, and improve self-learning skills by solving 

challenging problems collaboratively, reflecting on their experiences, presenting their 

reasoning, and engaging in self- directed study (Demiroren, Turan & Oztuna, 2016, 

p.2). Problem based learning  approach allows students to be more actively involved 

and responsible for their own learning, work collaboratively with other students, listen 

to others’ thinking, share and analyze their own ideas, and create a logical answer, all 

in real-world contexts (Hmelo-Silver, 2004, p. 236). 

Problem based learning is a teaching design in which a new concept is taught 

by giving students opportunities to be self-directed learners and to grapple with 

purposeful and challenging tasks. It has been demonstrated to generate student learning, 

increase conceptual understanding of mathematical content, and significantly affect 

students’ problem solving proficiency (Boaler & Staples, 2008; Boaler, 2002; Cai, 

2003; D’Ambrosio, 2003; Schoenfeld, 1992).  
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Even though mathematical education is moving towards problem-based 

learning, there is still a need to implement an educational model that supports both 

teachers and students while teaching and learning using this approach. One model that 

improves teaching quality and helps teachers teach using problem based learning 

simultaneously is the Lesson Study approach.  

Lesson study Approach 

Lesson Study approach is an approach investigating classroom instruction 

implemented cooperatively by a group of teachers to enhance teaching and learning 

quality (Tsui & Law, 2007). This approach is also implemented to improve student’s 

learning through collaborative lesson development and is commonly used by teachers 

in Japan (Cajkler & Wood, 2013).  In Lesson Study process, teachers concentrate on 

their students’ work and thinking (Isoda, 2010; Stigler& Hiebert, 2000). Teachers use 

effective strategies to capture students’ thinking using data collection tools that guide 

their observations during live lessons (Lewis et al., 2009). Lesson Study also plays a 

key role in transforming classrooms into student-centered learning environment and is 

noted to significantly improve teaching and learning (Calhoun, 2018).  

Problem solving ability 

With access to the internet and online search engines, resources become 

available, and as a result, the capability to remember and recall information from 

resources is not as significant as the capability to apply the information in solving 

authentic problems. Developing mathematical problem solving ability is defined as the 

process through which a student attempts to accomplish mathematical goals and find 

solutions for problems that may not have immediate answer, which ultimately leads to 

increasing conceptual understandings and problem solving strategies (Lester, 2013). In 

order for students to be effective and efficient problem solvers, they should be able to 

work through failure, access and analyze information, discover answers, and 
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understand interconnected systems.  In addition, they have to effectively justify their 

thinking to others, orally and in writing. This will entail them to learn and practice how 

to use and apply acquired knowledge and skills in problem solving competently (Salim 

& Samman, 2011). 

In primary schools, Problem-solving is an essential attribute to be a successful 

learner in mathematics. It has been cited as an effective approach to construct deeper 

students’ conceptual understandings of mathematical content, (Leong et al., 2013) and 

support learning that increases long-term knowledge retention, generates motivation in 

student, transfers learning, and increases positive attitudes towards math (Lambdin, 

2003).  

 Woodward et al. (2012) noted that problem-solving ability is essential to 

succeed in advanced mathematical levels, and achieving scores at and above grade four 

as a result of the complex mathematical concepts and the greater than before focus on 

problem solving that appear on exams. Consequently, teaching concepts through 

problem solving, and teaching problem solving effectively is an essential element to 

the learning of mathematics within primary schools (NCTM, 2014). In conclusion, 

problem solving has become both a primary focus of mathematical learning and an 

essential methodology for improving mathematical ability (Lester, 2013). 

The transition into problem-based learning is taking place in Qatar as well, the 

context of the current study as it is evident in Qatari curriculum, tests, and expectations 

of what skills and competencies students have to obtain when they graduate. This has 

gradually highlighted the importance of problem solving particularly at and above grade 

four. Thus, teachers are required to have a greater understanding of how to effectively 

teach via problem solving. 

Education in the State of Qatar  
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The Human Development pillar, stated in Qatar National Vision 2030, aims to 

empower citizens of Qatar so they can maintain and support the growth of their country. 

Although Qatar has benefited greatly from oil and gas resources, and continues to 

expand in knowledge-based economy, Qatar is proactively expanding its educational 

system to compete and, in some areas exceed the best ones in the world (QNV2030). 

However, International comparison data reported that Qatari students’ performance in 

math tests is far lower than other countries (TIMSS, 2015). In addition, students’ 

performance in math in national exams is reported to be unsatisfactory (education 

Report, 2017-2018).  

Qatar has always adopted best practices used by countries with the highest 

students’ competencies in mathematics, and in order to improve students’ performance 

in math, it is necessary to implement a global educational approach based on problem 

solving that develops students' ability to solve mathematical problems. Therefore, the 

Faculty of Education at Qatar University represented by the National Center for 

Educational Development (NCED), and International Professional Development of 

Mathematics Teachers Using Lesson Study (IMPULS) at the University of Tokyo 

Gakuji have implemented QU-IMPULS project at Qatar primary and middle schools 

since the beginning of the academic year 2014-2015. In QU-IMPULS project, 

Collaborative Lesson Research (CLR), which is an expanded and developed format for 

lesson study (Takahashi and McDougall, 2016) is utilized to enhance the ability of 

Qatari teachers to teach mathematical concept via problem solving, and the ability of 

students to get higher achievement in mathematics. 

Problem Statement 

Education is a process of creating knowledge and experience to apply and use in 

real-life situations. It is the key to economic success and growth (Stewart, 2012). Qatar 
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is seeking to shift to knowledge economy,  however, international math assessment 

(TIMSS) data for the years 2007, 2011, 2015 and 2019, showed that Qatar’s students 

scored lower than the required level of the proficiency in mathematics, and their 

average scores were below the cut-of points for the average of international standards 

(Provasnik et al., 2016; Mullis et al., 2020). In addition to these results, the national 

exams in Qatar demonstrated that students’ average scores in mathematics are still less 

than 40% (Ministry of Education and Higher Education report, 2018). 

These results can be attributed to many reasons, including the use of teaching 

methods and strategies that are unable to develop students' abilities to solve 

mathematical problems and thinking skills and thus, students cannot reach higher levels 

in acquiring mathematical skills.  To solve this problem, it is necessary to search for a 

global educational approach based on problem solving that can improve students' 

ability to solve mathematical problems and increase academic performance.  

The NCED at Qatar University and IMPULS at the University of Tokyo Gakuji 

have implemented the project of Lesson Study approach for Qatar primary and middle 

schools since the academic year 2014-2015.   

Although there are wide ranges of researches on lesson study approach around 

the word, rare studies were implemented in Qatari context. To the best of the 

researcher's knowledge, only one study was conducted on Lesson Study as a model for 

professional development measuring the impact of this development on students’ 

achievement in mathematics in the academic year 2011-2012 (before QU-IMPLUS 

project). Another research done by a faculty member at Qatar University, in cooperation 

with (IMPULS) team, was on the project's impact on teachers’ professional 

development in 2019. Further studies are needed to investigate the influence of the 

Lesson Study approach as problem based learning on students’ performance.  
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This study aims to investigate the impact of the QU-IMPLUS project by 

applying Lesson Study approach on students’ performance. More specifically, the study 

explores the impact of using Lesson Study approach on students’ mathematical problem 

solving ability in primary schools in Qatar. 

Research Question 

This study focuses on the impact of Lesson Study approach on students’ 

mathematical problem solving ability in primary schools. The main question of the 

study is:  

What is the impact of using lesson study approach on students’ 

mathematical problem solving ability in primary schools in Qatar? 

To address the main question, the study attempts to investigate the following 

secondary research questions: 

1) Does mathematical problem solving ability differ between students who learn via 

lesson study approach compared with students learning in conventional classes? 

To answer this question, the study examines the following statistical question 

o Are there any statistically significant differences (α= 0.05) between students’ 

mean scores of problem solving test among the three groups participated in the 

study? 

 2) How do students demonstrate their problem solving ability?  

Objective of the study 

The study seeks to investigate the impact of Lesson Study approach as problem 

based learning approach utilized as a teaching tool to enhance students’ ability to solve 

mathematical problems.  

Relevance and significance of the study 

 The current study became more important because it seeks to achieve Qatar 

National Vision 2030, which is building an educational system that conforms to 
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modern scientific standards and is parallel to the best educational systems in the 

world. 

 This study provides an opportunity to examine Lesson Study approach in 

government primary schools, and assess its influence on teachers’ ability to 

improve students' overall performance in mathematics as they develop skills 

necessary to accurately and effectively solve problems and explain their 

thinking to others. 

 This study provides a better understanding of the Lesson Study approach impact 

on students’ mathematical problem solving ability.  

 One rationale behind the study is review of literature showing scarcity of data 

regarding the impact of this approach on student learning.  Because most of 

researchers around the world look at Lesson Study as professional development 

for teachers. Therefore, we hope this study will further enrich educational 

literature with results obtained. 

 The study meets researchers’ recommendations such as English and Gainsburg 

(2016) who asserted that there is a need for studies to provide insights on how 

to use and implement problem solving in classrooms and to decide if teaching 

concepts through problem solving leads to enhanced students’ proficiency. 

 

Definitions of terms 

Several terms are used throughout the study. To prevent any misunderstanding, 

these terms are defined below: 

Problem solving: a process by which students work to achieve a mathematical 

outcome that they are able to acquire, but to which, the methods of solution is not 

immediately apparent, and that leads to construct a deep understanding of mathematical 
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concepts, strategies, or connections (Hiebert et al., 1997; Lester, 2013). 

Problem-Based Learning (PBL): a methodology to teaching and learning in 

which students face and experience real problems, and work collaboratively to study 

how to solve problems. These problems have many entry points and more than one way 

to solve (Larmer, Mergendoller, & Boss, 2015). 

Problem -Based Learning (PBL): a student-centered educational approach 

that combines problem-solving abilities with real-life situations (Roopashree, 2014; 

Savery, 2006) to promote higher order thinking skills, self-directed learning skills, 

cooperation, and knowledge-seeking skills (Yeo &Tan, 2014). 

Students’ mathematical problem solving ability: students’ ability to analyze 

problems, prepare strategies, implement selected strategies, and re-examine problem 

solving in order to develop alternative solutions or improve problem solving skills 

(Kuzle, 2013; OECD, 2004; Polya, 1973; Szetela & Nicol, 1992). 

Lesson study approach: an educational approach adopts learning based on 

problem solving; provides opportunities for mathematical thinking, mathematical 

application and deepening of knowledge. This approach presents mathematical 

problems through scenarios that have more than one solution method, then discusses a 

variety of methods of solution, and comparing between them. It also requires 

cooperation between students to reach conclusion and generalization of the concept or 

the new mathematical knowledge that students must learn. 

 

Operational definitions 

Problem: a task with higher order thinking that cannot immediately be achieved and 

causes a cognitive disequilibrium as a student attempts to find a solution )Lambdin, 

2003). Items of the problems related to the three strands “algebra”, “geometry”, and 
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“data handling” in the problem solving test represents the operational definition of 

problem in this study. 

Students’ mathematical problem solving ability: In this study, it refers to students’ 

ability to use related concepts, generalizations, procedures and skills to solve “algebra”, 

“geometry”, and “data handling” problems. The total score from the problem-solving 

test will be used to determine ability level at which students are producing solutions for 

mathematical problems. 

Organization of the thesis  

For this study, chapter one provides a brief overview of the research, including 

the background of the study; the problem statement, significance of the study, 

as well as the research questions that guided the study. Chapter two, presents a review 

of the literature related to the topic, definition of key terms, and the theoretical 

framework. Chapter three details the research design and methodology used to answer 

the research questions and describes data collection methods, the target population and 

sample, the procedures that guided data collection, instruments used for data collection, 

in addition to a review of the ethical considerations related to this study.  Then Chapter 

four presents the data analysis, the results of that analysis and reports the findings. 

Finally, Chapter five discusses the study findings, and provides an interpretation of the 

results. In addition, the chapter offers recommendations for further research that relate 

to these results. The list of the references is presented at the end of this study and the 

appendices used within this research follow it. 
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CHAPTER TWO: LITERATURE REVIEW 

This study seeks to investigate the impact of Lesson Study approach on 

students’ problem solving ability in primary schools at mathematics classrooms.  

Review of related literature focuses on mathematical education and problem solving, 

problem solving ability, and problem based learning. The review also focuses on 

description of the Lesson Study approach, its components, and techniques educators 

can apply in their classrooms.  In addition, this chapter reviews relevant researches and 

studies on Lesson Study approach and its influence on students’ ability of critical 

thinking, creative thinking, reasoning, metacognitive and problem solving. 

Mathematics Education and Problem Solving 

Mathematics is a crucial tool for success in life. It is considered a significant 

and essential part of the world (Danisman & Erginer, 2017). Thus, building next 

generation of researchers, scientists, and educators depends on whether education from 

Kindergarten to Grade 12 enhances mathematical abilities (NCTM, 2009; Kilpatrick et 

al., 2001; Stein, Remillard & Smith, 2007).  

 Mathematics education is a vital, ongoing, and dynamic process, where 

mathematical learning activities assist learners to enhance their logical, methodical, 

critical, and comprehensive thinking and reasoning skills, as well as take an objective 

and open approach while addressing problems (Sumarmo, 2004).  

Mathematicians’ existence revolve around solving problems (Paul Halmos, 

1980, p. 519), which is considered mathematical education’s most effective feature 

(Otten, 2010). Therefore, Students who are proficient in mathematics can apply what 

they have learned to solve problems that arise in their daily lives (CCSS, 2010).  

As mathematics is considered the most challenging field of study in school 

subjects (Bishara, 2016), focus is placed on constructing students’ mathematical 
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abilities in today’s classroom. To address concerns regarding mathematics education, 

most researchers, psychologists and educators have attempted to define how students 

can further achieve excellence in mathematics through multiple studies on gender, 

socioeconomic status, talented students, and students with learning disabilities (Pinter, 

2017).  

Mathematical rules and procedures have been taught in mathematics schools for 

far too long without any clarification of “why and who cares” (Germain-McCarthy, 

2001). As Mathematics is a scientific field concerned with number relationships and 

problem solving, Mathematical education became more than just a computational 

process that produces correct or wrong response. Mathematical power comes in its 

capacity to combine a number of scenarios and thereby to implement problem-solving 

approach in diverse cases (National Research Council, 2009, p. 43).  

In the history of mathematics education, most of teachers emphasized that their 

students are well skilled with various mathematical concepts and models; nevertheless, 

they failed upon different assessments to attain the application of these skills in different 

contexts.  In addition, most of students are keen on learning rules and procedures for 

solving direct mathematical questions, however, most of them lack the understanding 

of applying these rules and procedures in different context (Pinter, 2017). Moreover, 

Students’ lack of mathematical abilities exhibited ineffective mathematical 

performances, for instance, trying to solve problems without understanding the context 

of the problems (CCSSO, 2010), and being unlikely to utilize their prior understanding 

of mathematical knowledge while solving problems (CCSSO, 2010).   

Multiple studies have demonstrated that, practicing rules and procedures does 

not provide students with opportunities to learn how mathematics could be applied in 

different situations outside school (Boaler, 2016; Van de Walle, Karp, & Bay-Williams, 

https://0-search.proquest.com.mylibrary.qu.edu.qa/pqdtglobal/indexinglinkhandler/sng/au/Pinter,+Hilary+Allison/$N?accountid=13370
https://0-search.proquest.com.mylibrary.qu.edu.qa/pqdtglobal/indexinglinkhandler/sng/au/Pinter,+Hilary+Allison/$N?accountid=13370
https://0-search.proquest.com.mylibrary.qu.edu.qa/pqdtglobal/indexinglinkhandler/sng/au/Pinter,+Hilary+Allison/$N?accountid=13370
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2015). Therefore, they continue struggling in solving mathematical problems (Pinter, 

2017).  

Boaler (2015) noted that a prominent reason why many students have anxiety 

and struggle in mathematics is the focus on rote memorization of mathematical facts 

through repetition of the multiplication table. Because of memorization difficulties, 

which hampers their efforts to achieve fluency, students experience a disadvantage with 

mathematical problem solving ability. Students’ ability to utilize numbers flexibly or 

in a variety of mathematical contexts is limited by memorizing without acquiring 

number sense. 

Miller (2015) documented that, as students moved from one grade to the next, 

mathematical problems taught would become more difficult to solve. This is partially 

due to lack of mathematical fluency in concepts, knowledge or skills that students did 

not acquire until the time they leave the primary level of learning. Therefore, Students 

must attain and grasp effectively mathematical skills at early stage in order to show 

progress as they move up through the grades (Stacy, Cartwright, Arwood, Canfield, & 

Kloos, 2017).     

John Dewey (1938) highlighted that children learn by working on real world 

problems. Therefore, the essential requirements of students learning mathematics 

includes not only the grasp of mathematical information, but also critical reasoning, 

mathematical communication, and challenging problem solving (OECD, 2018). 

Numerous mechanisms such as general mathematical processes of thinking, 

modeling, communicating, and problem solving are mandatory needs to be encounter 

by students. Students acquire these mechanism will have the ability to step in either 

directions between the abstract mathematics and real life situations (Pinter, 2017). 

Therefore, students must be given multiple opportunities to examine and solve tasks 

https://0-search.proquest.com.mylibrary.qu.edu.qa/pqdtglobal/indexinglinkhandler/sng/au/Pinter,+Hilary+Allison/$N?accountid=13370
https://0-search.proquest.com.mylibrary.qu.edu.qa/pqdtglobal/indexinglinkhandler/sng/au/Pinter,+Hilary+Allison/$N?accountid=13370
https://0-search.proquest.com.mylibrary.qu.edu.qa/pqdtglobal/indexinglinkhandler/sng/au/Pinter,+Hilary+Allison/$N?accountid=13370
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that require considerable thinking time and effort. While solving problems, students 

should be allowed amble amount of time to rethink and reflect on their own problem 

solving techniques and strategies. By solving problems in mathematics, students tend 

to develop methods of thinking, habits of curiosity, tenacity, and confidence in 

unexpected circumstances, which will help them well in everyday life (NCTM, 2000). 

The NCTM advocates problem solving as a significant aspect in assisting 

children to achieve mathematical competency (NCTM, 2000).  Moreover, The CCSS 

emphasizes the significance of problem solving by highlighting phrases such as 

understanding problem, persistence in solution, and modeling and thinking abstractly 

(CCSS, 2010). In addition, multiple studies confirmed that, teachers of mathematics at 

all grade levels must promote mathematical thinking in their classes through solving 

mathematical problems (e.g Bruner, 1995; CBMS, 2012; Fennell, 2008; Leung, 2013; 

Rigelman, 2007; Schoenfeld, 2013; Tsao, 2012) as problem solving is  a crucial mental 

process not only in education but also in students’ lives (Jonassen, 2003). 

Solving problems is an inherent aspect of mathematics, and an important 

component of the mathematical learning context (Lott, 2003), not an isolated part of 

the mathematics curriculum.  In addition, improving problem solving disposition and 

problem solving ability is crucial to be a proficient mathematics’ learner (Leong et al., 

2013). Problem solving helps students’ mathematics understanding of both procedures 

and content. It also reflects the meaning of doing mathematics (Otten, 2010, p. 17), 

leads to the joy of discovery and pleasures of doing mathematics (Schoenfeld, 2013), 

provides students with metacognitive awareness and resilience, and assists them to 

better prepare for many aspects of their daily life outside the classroom (Otten, 2010, 

p. 17). 

Problem solving is a complex activity that demands critical and higher order 
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thinking as the problem solver is required to find the right strategy, or alternative 

strategies, in order to solve the problem (NCTM, 2000).  

Problem solving includes analyzing, modifying, and integrating information in 

order to reach the best solution and obtain goals even though the method’s solution is 

unknown in advance (Bransford & Stein, 1993; NCTM, 2014; Newall & Simon, 1972). 

The NCTM described problem solving as enhancing deep learning of 

mathematical content by working on challenging tasks in which mathematical learning 

is involved (NCTM, 2000, p. 270).  The Organization for Economic Co-operation and 

Development (OECD) defined problem solving proficiency as student’s ability to 

participate in mental process to learn and solve problem situation where solution 

method is unknown in advance. It involves the willingness to participate in such settings 

to identify individual’s potential as a productive critical thinker (OECD, 2013, p. 6). 

McLeod (1985) defined mathematical problem solving as student’s 

performance on mathematical activities in which a method of solution is not apparent 

in advance, and there is no clear algorithm for students to apply (p. 267). Problem 

solving is not only what you understand; it is also how, where, and when you apply 

your understanding (Schoenfeld, 1992, p. 60). In general, problem solving is what you 

are doing when you do not know what you have to do (Wheatley, 1984, p. 2).  

Problem solving has been an area of emphasis in mathematical education since 

the 1980s. Initially, in 1980, the NCTM declared that, the main goal of mathematical 

education is problem solving (NCTM, 1980). In the 1990s, the Council asserted that 

problem solving is the first priority in mathematical education. Because of this 

continued emphasis on problem solving, studies on problem solving increased. Some 

of these studies focused on educational approaches that enhance problem-solving 

proficiency such as studies conducted by (Kroll, Masingila, & Mau, 1992; Maher & 
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Martino, 1992; Silverman, Winograd, & Strohauer, 1992). Other researchers 

concentrated on using problem solving in teaching such as studies conducted by (Carey, 

1991; Duren & Cherrington, 1992; Kloosterman, 1992; Proudfit, 1992). 

This trend toward prioritizing problem solving in mathematical teaching and 

learning has persisted in the following decades. In 2000s, The National Council of 

Supervisors of Mathematics (NCSM( declared that, learning methods of problem 

solving is the primary reason for learning mathematics (NCSM, 2000, p.1). 

Furthermore, the document entitled “Principles and Standards for School Mathematics” 

specified problem solving as one of the main six criteria of learning mathematics from 

kindergarten to grade 12 (NCTM, 2000). In 2010, the Common Core State Standards 

for Mathematics (CCSSO) has advocated prioritizing mathematical problem solving in 

classroom education by placing it on the top of their criteria for students’ mathematical 

activities (NGA Center & CCSSO, 2010). 

 In response to these recommendations to prioritize problem solving in 

education, educators asserted that problem solving should be considered an integral part 

of everyday lessons, as it is essential and crucial to learning and applying mathematics 

(Ball, Ferrini-Mundy, Kilpatrick, Milgram, Schmid, & Schaar, 2005; Kilpatrick, 

Swafford & Findell, 2001; Lester, 1994). In addition, a lot of researches and articles 

have emphasized the relevance of problem solving in today’s curriculum (NCTM 

(2000); Stonewater (2005); Ronis (2008); Almaleki (2010)). Moreover, Senk and 

Thompson (2003) reported that the tendency for mathematics curriculum to teach 

students how to successfully solve problems. 

Students’ Mathematical Problem Solving Ability 

The focus of education is to improve students’ ability to learn, reflect, think, 

and use their cognitive abilities in order to become qualified problem solvers (Gagné, 

1980). Many educators and psychologists discussed the concept of problem solving as 
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more than just an educational norm, but also as an educational product that assists 

students to improve critical lifelong skills such as flexibility, communication, and 

creativity (Jonassen, 2000).  

In today’s society, the ability to solve problems has been identified as an 

essential skill (Greiff, Holt& Funke, 2013), thus; educators’ priority raised to be 

empowering students to develop their ability to solve problems (Barak 2013, p. 657).  

While problem solving is more than just completing exercises that can be addressed 

using remembered techniques (Schoenfeld, 2011), problem solving extends to include 

more than regular reasoning and thinking skills students use when trying to solve 

exercise (Polya 1945, 2004; Verschaffel, Greer, & De Corte, 2000).  Problem solving 

means to think deeply about problems, potential solutions techniques, relevant 

situation, their representations, and problem modeling (English & Halford, 1995; 

Mayer, 1992; Mayer & Wittrock, 2006; Verschaffel et al., 2000).  

Problem solving is a highly valued skill in which students must demonstrate 

various levels of ability to solve routine and non-routine problems (Stanic & Kilpatrick, 

1988). Solving none routine problems is a challenging task that might demand 

evaluation, planning, using several strategies, and apply of previously relevant 

experience or understanding of concepts (Huba & Freed, 2000). 

Nitko et al. (2011) defined students’ problem solving ability as the ability of 

students to apply several high-level cognitive process to find solutions to problems they 

encounter. While Polya, (1973); Sajadi et al., (2013); Saragih and Habeahan, (2014); 

and Batubara et al., (2017) defined students’ mathematical problem solving ability as 

their ability to understand problems, design strategies to solve them, implement 

selected solution’s strategies, and re-examine these solutions to provide responses in 

systematic ways with appropriate representations. 
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Mathematical thinking is a mathematical process that includes five aspects; one 

of them is to solve mathematical problems (Heleni et al., 2018). Mathematical problem-

solving ability is one of the basic abilities that should be mastered by students; this is 

because problem-solving ability is considered the core of mathematics (Putra et al., 

2018).  

Developing student’s ability to solve problems is a vital product of K-12 

mathematics (English & Gainsburg, 2016; Lester, 2013; NCTM, 2000, 2014). In 2012, 

The NCTM established standards that outline goals schools must adopt in order for all 

students to succeed in mathematics. These goals involved learning to respect 

mathematics, being confident in one’s capacity to perform mathematics, learning to 

think and communicate mathematically, and becoming mathematical problem solver 

(Foegan & Deno, 2001). In addition, the NCTM (2000) called for the inclusion of 

mathematical problem solving skills to help students learn to observe, evaluate, and 

improve their knowledge in mathematical subject as well as their ability to solve 

mathematical problems. 

The importance of developing problem solving ability 

Researchers discussed various reasons to justify the need for students to 

improve their ability to solve problems. A major reason refers to enabling learners to 

think critically and creatively by applying advanced and challenging cognitive process 

(Radzali, 2007). In addition, skills obtained while lerning problem solving, such as 

metacognitive and flexibility, prepare students for real life situations (Otten, 2010). 

Moreover, with problem solving ability, students can enhance their cognitive abilities, 

carry out procedures, and obtain a deeper grasp of concepts (Ranjan & Gunendra, 

2013). Jobs of the 21st century rely heavily on students graduating from schools 

prepared to analyze, assess, and justify reasons (Pinter, 2017). With the growth in 

https://0-search.proquest.com.mylibrary.qu.edu.qa/pqdtglobal/indexinglinkhandler/sng/au/Pinter,+Hilary+Allison/$N?accountid=13370
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STEM occupations over the last 10 years and jobs requiring strong problem solving 

abilities for non-routine tasks (OECD, 2013), students are required to display advanced 

communication skills, critical thinking, design strategies, and problem solving ability 

in workplace in order to accomplish non-routine jobs (Conley & Darling-Hammond, 

2013, p. 1). Furthermore, students in the 21st century are expected to become 

independent learners and thinkers, as well as inventive problem solver with the ability 

to generate solutions to problems emerge from a changing society (Trilling &Fadel, 

2009). 

Based on previous studies’ discussion, students have to improve their essential 

skills to investigate and explain multiple problematical situations, and be able to locate, 

analyze, synthesize, frame, apply information in new settings, address non-routine 

problems and provide solutions.  

How to develop problem solving ability? 

Constructivist educators believe that children acquire their abilities via 

experimentation, thinking growth, and adaption of one’s own learning via 

communication with teachers and peers (Cobb & Bauersfeld, 1995). 

Polya (1957) called for a more heuristic approach as opposed to the procedural 

approaches usually utilized in mathematics instruction. His techniques suggest that, 

while problem solving, students should consider a relevant problem they could solve 

and assess whether this knowledge can assist them solve the current problem. He also 

recommended that students should look for several strategies to solve a problem, and 

think how approaches they are adopting can be used in real world. Throughout this 

process, students should engage in internal conversation to clarify what the problem 

includes and enhance planning, estimating, monitoring and supporting problem solving 

process. 
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According to (TIMSS) 2011, the core of problem solving is applying 

knowledge. They explain that the term "applying" refers to students’ ability to use their 

understanding and knowledge in problem contexts, such as how well students work on 

regular tasks. While, students’ ability to answer non-routine or unexpected tasks is 

identified as "reasoning" (Mullis et al. 2012). As a result, knowledge demands to be 

transformed before it can be applied to a specific situation. Transfer occurs in new 

learning when past related information and experiences are implemented in new 

situations (Bransford et al. 1999). 

“Knowing” and “applying knowledge” in routine and non-routine problems 

assist leaners in improving their problem solving ability. In order to increase students’ 

problem-solving abilities, mathematics’ education should emphasize on the three 

cognitive domains: "knowing," "applying," and "reasoning." 

Different approaches utilized in teaching design field to meet the need to 

develop students’ ability to solve problems. One learning model that can develop 

students’ ability to solve mathematical problems is problem based learning approach 

(Vikriyah, 2015).  

Problem based learning approach (PBL) 

One educational approach that enhances students’ problem solving ability is 

teaching through problem solving or problem based learning approach. It is defined as 

a student centered educational approach that is created to involve learners in authentic 

situations (Savery, 2006).  This teaching and learning approach is based on 

constructivist principles where teachers present a problem, and students are encouraged 

to shape their own learning through the process of applying understanding and skills in 

order to reach practical solutions in collaboration with others (Savery, 2006; Bruning, 

Schraw, & Norby, 2011; Nariman & Chrispeels, 2015; Wilder, 2015).  

Problem based learning (PBL) approach originated in medical schools as a 
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response to the need of medical students to develop problem-solving abilities and learn 

how to apply understanding to solve problems in their daily lives (Mustaffa, Ismail, 

Tasir, & Said, 2016).  It eventually expanded into various majors at colleges, vocational 

schools, secondary schools, preparatory schools, and primary schools (Savery, 2006).  

Using problem solving as a main methodology in mathematical education has 

increased dramatically during the last two decades (NCTM, 2000; Hung et al., 2008; 

Westwood 2011). NCTM released Curriculum and Evaluation for Math School in 1989 

emphasizing the process of doing mathematics and placing significance on problem 

solving with its mathematical pedagogy, standards, as well as assessment 

recommendations.  In 2000, the NCTM recognized mathematical problem solving as 

the top of the five required process standards that student must apply to develop deep 

understanding of mathematical subject (NCTM, 2000). The NCTM council assured the 

need for teaching mathematical problem solving as an integral component of 

mathematics curriculum (Cai & Lester, 2010). In 2010, the CCSS described 

mathematically proficient students’ practices students through the eight Criteria for 

Mathematical Practice, the first one was “Making sense of problems and persevere in 

solving these problems”.  

Importance of problem based learning approach 

Slavin, Lake and Groff (2010) in a comprehensive review of educational 

approaches in mathematics concluded that problem based learning is clearly superior 

to traditional forms of education. Furthermore, new cognitive researches suggest that 

the optimum learning occurs when students are fully involved in the PBL process 

(Ronis, 2008). Schoenfeld (1989) in his research indicated that Problem solving as an 

instructional approach improved problem-solving success. Delisle (1997) asserted that 

PBL is a structured method that teachers use to improve students’ critical thinking and 

their ability to solve problems while learning essential subject knowledge. 
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PBL is a learning model which, argues for problem solving to be the 

curriculum’s intellectual focus (Barrows, 1986; Barrows, 1996; Jonassen & Hung, 

2008), uses problems as the core to develop problem solving ability (Eggen et al., 

2012). PBL allows students to practice problem-solving processes and gain knowledge. 

During the process of PBL, students apply knowledge learned to generate solutions to 

problems in hand (Hmelo-Silver, 2004; Savery, 2015; Yeo & Tan, 2014). Because of 

that, multiple studies showed that integrating or supplementing daily mathematics 

education with problem-solving activities improves students’ ability to solve problems 

(e.g., Charles & Lester, 1984; Sigurdson, Olson, & Mason, 1994; Verschaffel et al., 

1999). 

PBL is vital in mathematical classrooms because it could serve three purposes: 

The first is to achieve the goal of education to learn procedures and basic math facts. 

The second is to acquire new concepts via discovery and exploration, in addition to the 

creation and development of algorithms to solve problems (Wilson, Fernandez, & 

Hadaway, 1993). The third is to enhance student achievement and improve 21st century 

skills by concentrating on higher order thinking skills, cooperation, and ability to solve 

problems (Dağyar & Demirel, 2015; Savery, 2015; Tee & Lee, 2013; Yeo & Tan, 

2014). In addition, using PBL in classrooms helps teachers to present challenging 

mathematical tasks and to evaluate students’ ability in applying mathematical learning 

at levels that do not involve recreating algorithms or procedures practiced in current 

lessons, such as common or relative errors, or discussion mathematical hypotheses, 

which helps them move to different levels of mathematics (Bishara, 2016).  

PBL also has various advantages, including increasing motivation for learning, 

information retention, and the capacity to apply learning across academic disciplines 

and life circumstances (Larrier, et al., 2016). In addition, PBL benefits students by 
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having them reformulate hypotheses, choose how to solve problems based on numerous 

sources and points of view, and defend their point of view (Aufdenspring, 2003).  

Teacher’s role in problem based learning approach 

Teachers are pivotal to provide opportunities for students in PBL approach 

(Lambros, 2004) and play a very active role during PBL process. While students 

attempt their way to solve a problem, teachers act as facilitators by monitoring and 

guiding students, allowing them to achieve the intended learning goals, and reassuring 

or redirecting them as needed. They also provide scaffolding through the process to 

support students as they build their own learning interrelated to the problem rather than 

strictly provide content and knowledge (Roopashree, 2014; Chang et al., 2012; Jo & 

Ku, 2011). With this support from teachers, students can improve deep understandings 

of mathematics subject (Salinitri et al., 2015).   

How to solve mathematical problem 

John Dewey believes that once students are curious, they will solve problems 

and achieve more. Hence, the environment must be nurtured with problem-based 

learning activities to stimulate socially collaborative and motivating classroom 

environment that promotes active learning (Tracey & Morrow, 2012).  

To solve a problem, a student could follow strategies or phases formulated by 

Polya (1973) in his book “how to solve”, where student should first understand the 

problem; realize obviously what is the problem required to find, what kind of 

information is available, and what the situation is. On the second phase, students should 

recognize how things relate, how the required is related to information provided in order 

to obtain ideas and plan solutions. Third, students have to carry out the plan. Fourth, 

student should examine and check results by paying attention to solutions achieved, 

reviewing and discussing them again.  

The process of solving a mathematical problem requires utilizing previously 



 

25 

 

learned skills and relevant experiences, and progressing via increased comprehension 

and reformulation and constructing options to solve the problem (Kilpatrick, 2016; 

Lester & Cai, 2016; Pólya, 1945). 

Students who are proficient in mathematics demonstrate problem-solving 

behaviors, such as carefully reading and understanding problems, developing models, 

and making guesses regarding solutions and their strategies (Kilpatrick et al., 2001). 

While, students who are mathematically incompetent exhibit unproductive solution 

methods such as solving problems out of context without applying proper 

understanding of mathematical concepts while solving problems (CCSSO, 2010). 

Problems in problem based learning approach 

TIMSS provided information and data on teaching approaches and curriculum.  

It indicated that most highest-achieving countries had a consistent mathematical 

curriculum. Teachers in these countries applied most mathematical tasks as problems 

with higher order thinking (Stigler & Hiebert, 2004).  

Mathematical tasks presented as problems requiring higher order thinking to 

solve is challenging. However, it helps students demonstrate curiosity, creativity, create 

connections with previous knowledge, and collaborate with each other (Boaler, 2016). 

It also enhances students’ motivation in solving mathematical problems (Zambo, 1996, 

p. 82) and their reasoning, which allows for multiple entry points, diverse solution 

techniques, and using various levels of the revised version of Bloom’s Taxonomy 

(Principles to Action, 2014). Literature highlighted that students’ previous 

understanding influences their perseverance and motivation with challenging tasks as 

they transfer through mathematical learning (Boaler, 2016; Pasquale, 2015; Principles 

to Action, 2014).    

 The NCTM defined a problem, which is the subject of the problem-solving 
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process, as a task for which the answer is not immediately accessible (NCTM, 2000, p. 

52). A problem is a task that cannot be achieved through direct effort and will demand 

some creative thinking in order to be accomplished (Liljedahl 2008; Mason et al. 1982; 

Pólya 1965). Liljedahl (2008) noted that mathematics educators, experts and teachers 

agree with the definition given by Resnick and Glaser (1976), which states that a 

problem is something that you do not have the experience to solve. 

George Pólya (1945, 1957) defines exercise as “a routine problem”, a task that 

can be solved either by replacing particular information into a previously solved general 

problem, or by following step by step process and some well-worn procedure, without 

any hint of creativity. While Kantowski (1980) mentioned that a situation is said to be 

a problem when students have to apply their new knowledge in a new context in order 

to solve the problem. As a result, a certain degree of innovation is required to solve 

mathematical problems (Pólya, 1945, 1957). Since the student is attempting to find an 

unknown answer or to do something without knowing a direct method (Schoenfeld, 

2013). If the students can immediately recognize the procedures demanded, the 

situation is a routine task or exercise.  

In conclusion, researchers particularly emphasize that solving a challenging task 

should involve a demand for mathematical understanding and skills, as well as the 

creation of a level of challenge to the task and its solution so that it does not have an 

immediate solution. 

Isoda (2010, p. 17) stated that problem solving approach originated in Japan 

more than a century ago using lesson study approach. It is regarded as a teaching theory 

for the topic of mathematics, involving the instillation of self-learning in Japanese 

schoolchildren, which embraces learning how to learn. This approach lead Japanese 

students to attain higher educational achievement when compared to similar student 
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groups in the United States (Stigler & Hiebert, 1999; TIMSS, 1999). 

Lesson Study Approach 

Lesson study, also called the Japanese method of teaching, is defined as an 

educational approach based on problem solving, careful observation of how students 

learn, and the focus on their thinking. In this approach teachers work collaboratively to 

improve a set of lessons that are known as "research lessons." Work on these lessons 

includes planning, teaching, observing, analyzing and reviewing lessons in an ongoing 

cycle (Fernandez and Yoshida, 2004(. 

 Lesson study approach revolutionized classroom teaching because it holds 

social constructivism theory at its core. During the class, students analyze new concepts 

according to their previous knowledge, and build new knowledge in a social 

environment, starting with the assumption that learning is an integrated and structural 

activity that affects the social environment and the contexts in which learning happens 

(Wright, 2009).  

In Japan, teachers have been using lesson study approach for more than a 

century. The international education community first paid attention to it in 1999, after 

Stigler and Hiebert (1999) published a book called "The Teaching Gap: The Best Ideas 

of Teachers to Improve Education in the Classroom". The book described results drawn 

from lessons depicted in several countries while working in (TIMSS video study). 

Authors singled out a chapter on education in Japan named "Japan's approach to 

improving teaching in the classroom", in which, the Japanese model structure of 

mathematics education was shown in classrooms. Stigler and Hebert referred to this 

teaching approach as "systematic problem solving". However, majority of international 

educators’ interest was in utilizing lesson study as an effective professional 

development model, and the focus was less on applying the Japanese technique in 
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teaching mathematics, which is based on problem-based learning (Fujii, 2018). 

Lesson study and structured problem solving  

   Japanese lesson study in mathematics is conducted with a base in structured 

problem solving (Hino, 2007) and utilize open- ended approach (Miyakawa & 

Winslow, 2009, p. 200). Fujii (2018) described lesson study along with teaching 

mathematics via solving problems like two wheels of the same cart: one cannot walk 

without the other. In this approach, the structured problem-solving lessons are used to 

introduce new mathematical concepts and engage students in evaluating alternative 

solutions to select and apply the best strategies and reach the most effective solutions 

(Inoue, 2010). 

Structured problem-solving lessons in lesson study approach, also called 

“research lessons", are characterized by their own distinct and clear style, which often 

fascinates educators all over the world (Fujii, 2018).  

Research Lesson 

The research lesson depends on the structure of problem-based learning, in 

which the lesson is taught through presenting only one task (mathematical problem) 

during the lesson. As students complete the task, they achieve all the lesson goals, 

which makes selecting the suitable and appropriate task essential. Japanese 

mathematics teachers recognized this type of lesson structure, with challenging task 

and time to explore and examine solution techniques, as the best approach to provide 

students with learning opportunities (Shimizu, 1999, pp. 109- 111). Some educators 

may be skeptical about giving students one problem only in a math class. However, 

Japanese educators confirm through research the excellence and success of this 

approach.  

Following, we will review the four stages of mathematics teaching through the 
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lesson study, the structured problem solving approach. These four stages are the 

framework of the research lesson. The length of each stage is 5 to 20 minutes, consisting 

of a 45 to 50 minutes lesson. 

Presentation of the problem (5-10 minutes) 

The term "problem presentation" in a lesson study approach means getting 

students to understand and interpret the context of a particular task and the 

corresponding mathematical conditions utilized to solve it. It is critical to select the task 

wisely and carefully. If applied well, it allows learning new mathematical concepts 

through mathematical ideas that appear in the comparison and class discussion stage 

(Fujii, 2018). Fujii (2016) believes that the ideal task is one that is appropriate and of 

sporting value in terms of lesson objectives, arise students’ motivation, and of 

appropriate level of challenge and difficulty, that can be solved in several ways. 

In Japan, "problem presentation" is not intended to clarify and explain 

procedures for solving the problem. It means that the teacher presents a problem to 

students to solve without providing any support or assistance for how to solve it, which 

is one of the advantages of learning based on problem solving in lesson study approach. 

Japanese teachers also distinguish between (teaching how to solve a problem) and 

(learning mathematics through problem solving). However, in the United States, 

teachers clarify procedures to solve the problem before assigning it to students when 

learning based on problem solving.  

Students’ work on the problem (10-20 minutes) 

If the problem interests students, they will start working on solving it on their 

own without any assistance from their teacher.  As students attempt to solve the 

problem, the teacher passes between students, and practices what is called the intended 

monitoring that determines how each student decided to solve the problem. As 
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identifying the expected solutions, including the wrong solutions is part of the lesson 

plan, the teacher takes notes of how majority of students solve the problem, provides 

hints to struggling students if necessary, and asks early finishers to solve the problem 

in other ways. The teacher also plans what to do during the comparison and discussion 

phase (Fujii, 2018). It is significant for the teacher to look beyond the answers and 

acknowledge how all students in a class solve the task and how the mathematical 

concept develop while students reach the solution.  In this stage, the teacher decides 

which solution methods will be presented first, and how to lead the whole-class 

discussion (Fujii, 2018). 

Comparison and discussion (10-20 minutes) 

The third stage of the research lesson, comparison and discussion, is considered 

a crucial stage of the structured problem solving approach. Hiebert, Stigler and 

Manaster, 1999, Stigler and Hiebert, 1999 noted that one goal of structured problem 

solving is to hold a whole-class discussion about different solution strategies that 

students offer. 

As students come up with different strategies and methods to solve the problem, 

the teacher achieves the stage as comparisons and discussion of these methods take 

place. At this point, student solutions are written on the board in order from “simple” 

to “advanced” (Fujii, 2018). All solutions are written on the board to compare thinking, 

results and organization. The comparison and discussion stage gives teachers an 

opportunity to note and measure their students’ mathematical thinking. Furthermore, it 

is an opportunity to focus on the new mathematical concept. Japanese mathematical 

teachers teach mathematics via problem solving using method described earlier believe 

that it stimulates students to think about mathematics and assists them to become self-

directed learners, which is one of the ultimate educational goals (Fujii, 2018).  
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Lesson Summarization (5 minutes) 

Fujii, Kumagai, Shimizu and Sugiyama (1998) consider this stage as one of the 

main differences between problem-based learning in the United States and Japan. While 

teachers in the USA do not summarize the lesson at the end of the lesson, Japan’s 

teachers see that without this stage, the lesson ends with students only comfortable with 

their work. Nevertheless, by including summaries at the end of the class, each student 

can also feel satisfied with mathematical concepts explored. The "lesson summary" 

stage is brief but very important. It helps to relate mathematical concepts and 

knowledge and build on them. Students listen to the teacher as the lesson concludes 

with a simple review of mathematical procedure, which students benefit from. If 

teachers summarize the lesson by reviewing how students build their understanding, it 

is as if they are sending a message to their students and teaching them how to think. In 

other words, throughout this stage, the teacher reviews the content and the thinking 

processes (Fujii, 2018). 

As stated previously, the importance of giving students the skill to solve 

mathematical problems is clear as students continue to learn steps to solve problems, 

find keywords, deal with important information, report on chosen appropriate process 

for the problem, and verify those that ensure accuracy and reasonableness.  

Researchers argue that these steps may provide students with methods to reach 

the answer, but they do not provide the opportunity to analyze, find relationships, think 

about the connections between mathematics strands, and provide various alternatives 

and different ways to solve problems as in lesson study approach (Pinter, 2017). 

Another argument of the current study presented when the researcher focuses on using 

the educational approach (Lesson Study), which depends on problem-based learning in 

mathematical learning, and its effectiveness in developing students’ mathematical 
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problem solving ability in order to obtain higher scores in math tests. 

Theoretical framework for lesson study approach 

Lesson Study approach adopted constructivist beliefs as both identified areas of 

incompetence in students’ content knowledge.  When gaps are identified, teachers work 

toward improving the environment where new learning can be devolved via scaffolding 

and collaboration with the teacher and other students and through research lessons 

constructed by teachers concentrating on real-world applications, students will build a 

better understanding of mathematical concepts (Wright, 2009). 

Theoretical framework for problem based learning 

The NCTM (2000, 2014) called for the improvement of mathematics learning 

via problem solving.   In response to this advocacy, researches recommended that a 

large part of learning must be construct in a social environment (Bandura, 2005; 

LaMorte, 2016). The literature supports a clear sequence between constructivism 

learning theory and the problem based learning (PBL) educational model )Savery   &

Duffy, 2001). Ravitz (2008) asserted that PBL is a thoughtful constructive learning 

approach that involves students in learning and promotes a deeper conceptual 

understanding through relevance, accuracy, and connections. Tandogan and Akinoglu 

(2007); Larrier, Hall, Linton, Bakerson, Larrier, and Shirley (2016) reported that 

problem based learning is anchored in a theoretical framework of social construction 

where students engage in open-ended problems and work collaboratively. PBL includes 

an active learning process that allows students to solve authentic problems utilizing 

their critical thinking and analysis skills making students the driving force in the 

learning process and teachers act as facilitators of learning (Han et al., 2015).  

Moreover, in PBL, students utilize their own previous problem solving knowledge and 

skills they become actively involved in mathematical problem solving, resulting in 

gaining new learning (Bruner, 1960; Dewey, 1916; Flores et al., 2015; Hughes et al., 
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2015; Kennedy, 2012; Rosli et al., 2015). 

Related studies 

This section presents a review of the studies related to the impact of Lesson 

Study approach on improving students’ problem solving ability. However, examining 

the previous literature revealed a lack of in the field of study. Therefore, the researcher 

included studies related to the impact of Lesson Study on other abilities such as 

reasoning, creative thinking, critical thinking and metacognitive, which are considered 

essential for developing students problem solving ability.  

 

First: Studies that addressed the effect of lesson study approach on 

students’ mathematical learning 

  In a recent study, Kusumawati’s (2020) study investigated the impact of lesson 

study on enhancing students’ ability in mathematical reasoning. Twenty-four students 

in grade nine participated in this study. Instruments used included learning achievement 

test, observation, student worksheets, and interviews. Results revealed that lesson study 

approach has developed students’ ability in mathematical reasoning.  

Moreover, Lundbäck and Egerhag’s (2020) study described how teachers 

utilize Lesson Study to promote students’ mathematical learning in two settings (the 

first years of school, and school-age educare). The study adopted the case study design 

in which 4 teachers and 37 grade one to three students from an elementary school in 

Sweden took part. Qualitative data were collected through teachers' recorded 

conversations with the researchers, while quantitative data were collected using 

students' questionnaire.  The study results showed that mapping students’ 

understanding before and after the teaching sessions, assisted teachers to know how to 

design teaching situations that would benefit their students. Therefore, the researchers 

advocated for the use of Lesson Study approach throughout the school. 

https://www.emerald.com/insight/search?q=Birgitta%20Lundb%C3%A4ck
https://www.emerald.com/insight/search?q=Helen%20Egerhag
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Another study conducted by Risnanosanti, Susyla and Syofiana (2019), aimed 

to describe the impact of lesson study approach on students’ critical thinking skills. 

This research applied descriptive qualitative method, with a sample of 33 eighth grade 

students in Indonesia. The data were collected from students’ critical thinking tests and 

classroom observations. Results showed that there are significant effects of utilizing 

lesson study approach on developing students’ critical thinking ability in mathematics 

classroom based on their SOLO thinking ability. 

Indrawanti, Hobri, Hadi, and Fauziah’s (2019) quasi-experimental mixed 

method study intended to investigate the influence of applying Lesson Study approach 

and Discovery Learning model on students’ critical thinking ability. The Data were 

collected using achievement tests and questionnaires from grade seven Indonesian 

students (one class as control group and one class as experiment group). Findings 

revealed that there is a significant difference in critical thinking ability between the two 

groups.  

Similarly, Fauziah, Hobri, Yuliati, and Indrawanti’s (2019) a quasi-

experimental mixed method study was undertaken to explore the differences in terms 

of creative thinking abilities between two groups of grade 7 students.  The experimental 

group was taught using Lesson Study approach with structured problem solving, and 

the control group was taught in the conventional method. Data collection included 

lesson plans, students’ worksheets, and creative thinking tests. Findings showed that 

the group who apply Lesson Study approach with (PBL) have better creative thinking 

abilities than those that do not. It also showed that lesson study with structured problem 

solving could enhance students understanding of mathematical lessons. 

Moreover, Saadah, Hobri and Irvan’s (2019) study aimed to examine the impact 

of applying Lesson Study approach with (PBL) on students’ creative thinking ability. 
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The study utilized the Four D Model, and the sample included 28 grade 8 students. The 

data were obtained from lesson plans, students’ work sheets, and tests. Findings 

revealed that the implementation of Lesson Study with (PBL) has significantly affected 

students’ creative thinking ability. Furthermore, Students’ creative thinking process 

increased after using lesson study approach with (PBL) model. 

Nuha, Waluya, and Junaedi’s (2018) carried out a study to find out the impact 

of utilizing Problem Posing Model with Lesson Study on students’ mathematical 

creative thinking ability in Digital Classes. This research utilized a quasi-experimental 

design mixed method to collect data using creative thinking tests and classroom 

observations. The sample comprised two classes of eighth grade.  The results showed 

that, in Digital Class, Problem Posing Model with Lesson Study approach promote 

creative thinking skills. 

In a similar vein, Hobri, Romlah, Prihandoko, Safitri and Nazareth’s (2018) 

conducted a quasi- experimental design mixed method study to analyse students’ 

metacognitive skills through the implementation of Lesson Study with structured 

problem solving. The sample included 72 grade 7 students at Junior High School in 

Indonesia (36 students in the experimental class and 36 students in the control class). 

Data were collected using test, students’ questionnaires and interviews. Study results 

indicated that the implementation of structured problem solving based on lesson study 

led to increase student activity, and students' problem solving ability that resulted in 

increasing of students’ metacognitive ability. 

Salim and Samaan’s (2011) experimental study aimed to explore lesson study 

impact on teachers’ teaching ability and their effect on their students’ achievement. The 

sample consisted of 6 male teachers and 150 grade 7 students from a school in Qatar. 

Data were collected using achievement tests in mathematics. Findings showed that the 
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lesson study approach contributed significantly to the professional development of the 

teachers, and enhanced students’ learning. Based on this result, the researchers 

recommended that it is necessary to further train teachers on lesson study approach. 

Review of previous study 

This section focused on reviewing previous studies relevant to the scope of this 

study.  The review showed the following:  

All studies and the current study investigated Lesson Study as an effective approach 

used to enhance student learning, except the study of Salim and Samman (2011), which 

investigated lesson study as a professional development model for teachers, then 

measured its impact on students’ learning.  In addition, Studies of Fauziah et al. (2019), 

Saadah et al. (2019), and Nuha et al. (2018) assessed the impact of lesson study 

approach on students’ creative thinking ability. Studies of Risnanosanti et al. )2019), 

and Indrawanti et al. )2019) examined the impact of lesson study approach on 

improving students’ critical thinking ability. Studies of Salim and Samaan (2011) 

investigated the effect of using lesson study approach on students’ achievement. 

Lundbäck and Egerhag’s (2020) study investigated the impact of lesson study approach 

as a tool to improve students’ mathematical learning in general. Kusumawati’s (2020) 

study aimed to examine the effect of lesson study approach to enhance students’ 

mathematical reasoning skills. Hobri et al. (2018) investigated the effect of using lesson 

study approach on students’ metacognitive skill. 

Moreover, the current study, and most studies (Salim and Samaan (2011); Hobri et 

al.  (2018); Nuha et al. (2018); Fauziah et al. (2019); and Indrawanti et al. (2019)) 

applied mixed method approach as a research methodology. While studies of 

Risnanosanti et al.  (2019). On the other hand, Kusumawati (2020) utilized action 

research, Risnanosanti et al. (2019), Lundbäck and Egerhag (2020) applied case study 

https://www.emerald.com/insight/search?q=Birgitta%20Lundb%C3%A4ck
https://www.emerald.com/insight/search?q=Helen%20Egerhag
https://www.emerald.com/insight/search?q=Birgitta%20Lundb%C3%A4ck
https://www.emerald.com/insight/search?q=Helen%20Egerhag
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design, and Saadah et al. (2019) utilized Four D Model. 

Furthermore, most studies targeted the students only to collect data about the impact 

of lesson study except for Lundbäck and Egerhag (2020), Salem and Samman (2011), 

and the current study who included students and teachers in their sample. The majority 

of the studies (Kusumawati (2020), Indrawanti et al.  (2019), Risnanosanti et al. (2019), 

Fauziah et al. (2019), Saadah et al.  (2019), Nuha, et al. (2018), Hobri et al. (2018), and 

Salim and Samaan (2011) were conducted in preparatory schools. While only the 

current study, and Lundbäck and Egerhag’s (2020) study were conducted in primary 

schools. 

Salim and Samaan’s (2011) study recommended using lesson study approach in 

teachers’ professional development to enhance their abilities to teach mathematics. 

Lundbäck and Egerhag’s (2020) called for applying Lesson Study approach throughout 

the school. 

Second: Studies that addressed the impact of lesson study on students’ 

problem solving ability 

To address the impact of lesson study on students’ ability to solve problems, 

Bintoro, Zaenuri, and Wardono (2021) conducted a recent study aimed to investigate 

the impact of implementing technology based Lesson Study on students’ mathematical 

problem solving ability. The study applied a quantitative method with a quasi-

experimental (one group’s pre-test post-test) design.  To collect data, undergraduate 

students from the Mathematics Education study program at UMK University in 

Indonesia were recruited and data were obtained from mathematical problem-solving 

tests. Findings indicated that learning mathematics using technology based lesson study 

is effective in developing students’ mathematical problem-solving ability. 

Furthermore, Khalid, Saad, Abdul Hamid, Abdullah, Ibrahim and Shahrill 

https://www.emerald.com/insight/search?q=Birgitta%20Lundb%C3%A4ck
https://www.emerald.com/insight/search?q=Helen%20Egerhag
https://www.emerald.com/insight/search?q=Birgitta%20Lundb%C3%A4ck
https://www.emerald.com/insight/search?q=Helen%20Egerhag
https://www.emerald.com/insight/search?q=Birgitta%20Lundb%C3%A4ck
https://www.emerald.com/insight/search?q=Helen%20Egerhag
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(2020) conducted a quasi-experimental mixed method study to examine changes in 

students learning of mathematics concerning their creativity and problem-solving 

ability by utilizing lesson study approach. The study sample consisted of 172 grade 7 

students divided into treatment and comparison groups.  Data collection included 

Torrance Test of Creative Thinking, mathematical problem solving tests, students' 

interviews and observation checklists. Findings showed statistically a significant 

increase in students’ creativity and problem solving tests.  

Purwandi, Susanto and Hobri’s (2020) conducted an experimental mixed 

method study aimed to explore the impact of applied remedial mathematical learning 

tools based on Lesson Study approach on students’ problem solving ability. The sample 

included 68 grade seven students from Indonesia (34 as control class and 34 as 

experimental class). Qualitative data were obtained from teachers’ lesson plans and 

students’ worksheets, while quantitative data were collected using students’ 

questionnaires, and students’ achievement tests. Results indicated that students’ 

problem solving ability in the experimental class has significantly increased. Therefore, 

the researcher concluded that the implementation of remedial tools based on lesson 

study approach has a significant effect on students’ problem solving ability. 

Loc, Uyen, Tong, and Ngoi’s (2020) study examined the impact of 

implementing lesson study approach on developing students’ problem solving ability 

to solve two mathematical problems about straight-line equations. The research applied 

a case study and quasi- experimental design.  The study included 74 high school 

students from Vietnam distributed into experimental and control groups. Data collected 

from students’ worksheets revealed that students in experimental class answered 

teachers’ questions and were able to solve the posed problems. Moreover, the quality 

of the lesson was significantly improved and led to a positive change in students’ 
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problem solving ability. 

Gholami, Yunus, Ayub, and Kamarudin’s (2019) study investigated the impact 

of implementing the lesson study approach on students’ achievement in mathematical 

problem solving. The quasi-experimental study was conducted on 8 lecturers and 95 

students (45 in control group and 50 in experimental group) at a Foundation Centre in 

Malaysia. Data were obtained from five tests on mathematics function topic and 

analyzed by an independent t-test, and one-way ANOVA test. Findings indicated that 

the application of lesson study approach on the experimental group increased their 

ability in problem solving significantly, while no significant differences were 

established in control group.  

The focus of Ningrum, Hobri, Susanto, Dafik, Lutvita, and Lestari’s (2019) 

study was to examine the use of STEM learning based lesson study on students’ 

problem solving abilities in mathematics. This study applied multiphase mixed method, 

as well as a quasi-experimental design. Ninety six students in grade 11 in Indonesia 

participated in this study and were divided into three groups each class consisted of 32 

students (control group, first experimental group and the second experimental group. 

Data were gathered through lesson plans, students’ worksheets, students’ interviews 

and learning achievement tests.  Findings revealed that the implementation of STEM 

learning based lesson study had a significant impact on students’ problems solving 

ability. 

Bradshaw and Hazell’s (2017) study aimed to investigate differences in 

students’ approaches to problem solving through Lesson Study. The researcher used 

case study design and the sample included two classes of 32 grade seven students from 

UK. Instruments used were students’ interviews and teachers’ observations. Data were 

analyzed using a thematic analysis.  Study findings indicated that students’ ability to 

https://www.emerald.com/insight/search?q=Zoe%20Bradshaw
https://www.emerald.com/insight/search?q=Amanda%20Hazell
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solve problems appeared to differ for a variety of reasons such as ability, gender, 

motivation, and confidence. In addition, findings showed that all students were 

motivated to solve the problem even though some were more competitive than others. 

This appeared to have an impact on their problem-solving ability because they were too 

obsessed with finding the answers and did not give time to examine the problem, and 

thus overlooked important aspects needed to solve the problem set correctly.    

In another study conducted by Marwiang, Klaharn, Saree, and Junpeng (2017), 

the researchers adopted the applied a case study mixed methods design to assess 

students’ problem solving ability by utilizing Lesson Study in mathematical 

classrooms. The study used students test to collect data from 7 fifth grade students in 

Thailand. Findings indicated that students need to develop their ability to  understand 

basic knowledge, use rules and formulas in solving simple to complex problems, 

analyze problems to eliminate misunderstanding, provide logical reasoning, check 

solutions, calculate accurately, and utilize numbers, and symbols to represent the 

problem. 

Furthermore, Khotimah and Masduki’s (2016) study explored how contextual 

teaching and learning model based on lesson study approach could develop students’ 

ability to solve problems in differential equations course. Using the action research, 

data were obtained through observations, students’ test, field records, and interviews. 

The sample of this research was 34 students of mathematics education in 

Muhammadiyah Surakarta University in Indonesia. Findings showed that learning with 

lesson study approach improved students’ problem solving ability in differential 

equations learning. 

In another study, Khalid and Ali (2016) investigated the impact of lesson study 

with structured problem solving on students’ ability to solve problems and their 
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knowledge of the “rate” topic. The sample composed of three classes, consisting of 58 

grade 5 students. This research applied a mixed method, and data were obtained from 

student’s pre- and post-test, observation checklists, researcher’s field notes, teachers’ 

interviews and reflections. Research findings highlighted that students understanding 

of the problem context was enhanced as well as their ability to utilize understanding to 

create the best solution to the problem. Consequently, lesson study was found to assist 

teachers to produce effective lessons that incorporated student-centered real -life 

lessons as well as students’ creativity in problem solving. 

Review of previous studies 

All previous studies reviewed used Lesson Study as an independent variable to 

measure its impact on students’ problem solving ability, and utilized Lesson Study as 

an approach to enhance learning. The current study and studies of (Khalid et al.  (2020); 

Purwandi et al.  (2020); and Ningrum et al.  (2019) applied a mixed method approach 

as a research methodology, while studies of (Loc et al.  (2020); Marwiang et al (2017), 

and Bradshaw and Hazell (2017) applied case study design. 

In their studies, (Bintoro et al.  2021);   (Khalid et al.  2020); (Purwandi et al.  (2020); 

(Gholami et al.  (2019), (Ningrum et al.  (2019), Khotimah and Masduki (2016), and 

Khalid and Ali (2016) used students’ test as a tool to obtain data, while Loc et al. (2020) 

used students’ worksheet, and Bradshaw and Hazell’s (2017) used students’ interview 

and teachers’ observation. To obtain data, for the current study, the researcher selected 

participants from grade 5 students, similar to Khalid and Ali‘s (2016) study. The current 

study also used students’ test as an instrument to obtain data similar to  other studies of 

(Bintoro et al. (2021),   Khalid et al. (2020), Purwandi et al. (2020), Gholami et al. 

(2019), Ningrum et al. (2019), Marwiang et al. (2017), Khotimah and Masduki (2016), 

and Khalid and Ali , (2016). 

https://www.emerald.com/insight/search?q=Zoe%20Bradshaw
https://www.emerald.com/insight/search?q=Amanda%20Hazell
https://www.emerald.com/insight/search?q=Zoe%20Bradshaw
https://www.emerald.com/insight/search?q=Amanda%20Hazell
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 The current study differs from previous studies in that: 

The current study focuses on students’ ability to solve mathematical problems 

in three strands (algebra, geometry, and data handling). It differs from Loc et al. (2020) 

study, which focused on a specific unit only. Their study aimed to examine the impact 

of implementing lesson study approach on students’ problem solving ability to solve 

two mathematical problems about straight-line equations. It also differs from the study 

conducted by Khotimah and Masduki (2016) in its aim as the lateral aimed to describe 

the effect of lesson study approach on students’ ability to solve problems in differential 

equations course.  Furthermore, the current study differed from the specific topic 

objective targeted in Khalid and Ali’s (2016) study, which aimed to investigate the 

impact of lesson study in students’ problem solving ability and their knowledge of the 

topic “rate”. 

Based on the above background, this study is conducted to investigate the 

effectiveness of lesson study approach on students’ ability in solving mathematical 

problems in primary schools in the State of Qatar. 
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CHAPTER THREE: METHODOLOGY 

The aim of the study is to investigate the impact of the lesson study approach 

on student’s problem solving ability in primary public Qatari schools. This chapter 

describes and justifies the research design, population, subject and instruments. 

These are followed by a detailed description of data collection method and data 

coding and analyses for major themes, as well as ethical considerations applied 

while conducting this study. 

Research design    

This study employed descriptive research design, which is a research method 

used to provide detailed description of existing phenomena and their features accurately 

and systematically (Dulock, 1993; Nassaji, 2015; Atmowardoyo, 2018). Thus, 

descriptive research is an appropriate method selected to investigate the influence of 

lesson study approach on students’ ability to solve mathematical problems. 

The current study applied the mixed-method approach.  This approach is a 

combination of qualitative and quantitative techniques. It is used when both techniques 

are needed to offer a better understanding of the study questions (Creswell, 2015, p. 

15). A mixed-method approach incorporates the strengths and advantages of both the 

qualitative and quantitative research. Creswell (2009) noted that while the quantitative 

research offers closed-ended responses and facilitates generalization of the findings 

from the sample to the targeted population, the qualitative research provides open-

ended data, meanings, and interprets, and allows the researchers to understand 

participants’ views and experiences.  

To study primary students’ mathematical problem solving ability and its 

relationship to lesson study approach, the study adopted explanatory sequential mixed 

methods design as shown in Figure (1).   
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Figure 1. Explanatory sequential mixed method design 

 

In this design, there were two phases. On the first phase, quantitative data were 

obtained via mathematical problem solving test to examine whether lesson study 

approach influenced students’ problem solving ability. Findings were then analyzed to 

inform the collection of the qualitative data.  

On the second phase, data were gathered using semi-structured interview. The 

purpose of using qualitative technique in phase 2 is to provide in depth description and 

interpretation of quantitative results and strengthen conclusions (Creswell, 2015). In 

addition, utilizing multiple sources to gather data ensures reliability and credibility of 

the study (Mills, 2003). 

 

Research Population and Sample 

Population  

The study population consisted of the teachers and students in six primary 

public schools in the State of Qatar for the academic year 2020-2021, which 

participating in the lesson study project at least for one year. 

Sample (Subject) 

To fulfill the purpose of the study, purposeful sampling was most appropriate 

to use. Creswell and Plano Clark (2011) reported that identifying groups with 

•Quantitative 
data collection, 
data analysis.

phase (1)

•Qualitative 
data 
collection, 
data analysis.

phase (2)

•Final anlaysis  
and 
interpretation

Conclusion

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4012002/#R10
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experience in the phenomenon desired a study is recognized through purposeful 

sampling. According to Creswell (2014), purposive sampling allows for an in-depth 

investigation of the specific characteristics identified in the sample in order to obtain 

insight or understanding of the core phenomena of interest. Therefore, a purposive 

sample was used to identify and select 117 female fifth grade students from two 

participated schools, and the 10 mathematical teachers who taught the sample students 

in the third, fourth and fifth grades. 

Students participating in the study were divided into three groups. The first 

group included 38 fifth grade students who were taught using lesson study approach for 

2 years. The second group included 39 fifth grade students who were taught using 

lesson study approach for 1 year. The third group included 40 fifth grade students who 

were taught using traditional instructions. In other words, Group 1 and 2 have gone 

through at least one year of learning mathematics using the lesson study approach, 

while students’ in group 3 have not. 

In terms of teacher, participants in this study were female, and had different 

years of experience with lesson study and varied teaching experience.  They were 

selected based on their teaching of the sample of students over the past three years. 

Teachers’ demographic characteristics include educational level, teaching experience, 

and Prior Lesson Study experience. The following table (1) provides a brief description 

of the teacher participants. 
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Table 1: Participating teachers’ demographics and Lesson Study experience. 

Teacher  Years of 

Teaching 

Experience 

Current 

Teaching 

Position 

Highest 

Degree 

attained and  

Study Area 

Prior Lesson Study 

Experience 

T1 6 years, 

taught  grade 

5 

mathematics 

Grade 5 

mathematics 

B.A. 

Mathematics 

Education 

Lesson Study team member 

for three years, Teacher for 

research lessons, Observed 

several research lessons in 

and out her school. 

T2 5 years, 

taught grade 

4 

mathematics 

Grade 4 

Mathematics 

B.A. 

Mathematics 

Education 

Lesson Study team member 

for three years; Teacher for 

research lessons, Observed 

several research lessons in 

and out her school. 

T3 5 years, 

taught grade 

3 

mathematics 

Grade 3 

Mathematics 

B.A. 

Mathematics 

Education 

Lesson Study team member 

for three years, Teacher for 

research lessons, Observed 

several research lessons in 

and out her school. 

T4  14 years, 

taught 

mathematics 

for students 

in primary 

stage 

Grade 5 

Mathematics 

B.A of 

Science in 

Mathematics 

Education 

 

Lesson Study team member 

for two years, Teacher for 

research lessons, Observed 

several research lessons in 

and out her school. 

T5  3 years, 

taught grade 

5 

mathematics 

Grade 5 

mathematics 

B.A 

Environmental 

engineering 

Lesson Study team member 

for two years, Teacher for 

research lessons, Observed 

several research lessons in 

her school. 

T6  9 years 

taught grade 

3 

mathematics 

Grade 4 

Mathematics 

B.A. 

Mathematics 

and science 

Education 

Lesson Study team member 

for two years, Teacher for 

research lessons, Observed 

several research lessons in 

her school. 

T7 11 years 

taught 

mathematics 

for students 

in primary 

stage 

Grade 4 

Mathematics 

B.A. 

Mathematics 

Education 

Lesson Study team member 

for two years, Teacher for 

research lessons, Observed 

several research lessons in 

her school. 

T8  5 years taught 

grade5 

mathematics 

Grade 5 

Mathematics 

B.A. 

Mathematics 

Education 

Attended the Professional 

Development for Lesson 

Study Project, Does not 

teach using lesson study 

approach, Observed 3 

research lessons in her 

school. 



 

47 

 

Teacher  Years of 

Teaching 

Experience 

Current 

Teaching 

Position 

Highest 

Degree 

attained and  

Study Area 

Prior Lesson Study 

Experience 

T9 9 years 

taught grade5                

mathematics 

Grade 5 

Mathematics 

B.A. 

Mathematics 

and science 

Education 

Attended the Professional 

Development for Lesson 

Study Project, Does not 

teach using lesson study 

approach, Observed 2 

research lessons in her 

school. 

T10 6 years 

taught grade4 

mathematics 

Grade 4 

Mathematics 

B.A. 

Mathematics 

and science 

Education 

Attended the Professional 

Development for Lesson 

Study Project, Does not 

teach using Lesson Study 

approach, Observed 2 

research lessons in her 

school 

 

 

Table (1) above shows that the total of participant teachers is 10. The majority 

of the teachers hold a bachelor’s degree in mathematics education, and one teacher hold 

a bachelor’s degree in environmental engineering. In terms of teaching experience, 

around half of the participants have more than 5 years of experience. Four teachers have 

5 years as an experience in teaching mathematics, two teachers have 6 years as an 

experience, two teachers have 9 years of experience, one teacher has 3 years of 

experience, one teacher has 11 years of experience, and one teacher has 14 years of 

experience.  Moreover, all teachers have professional development related to the lesson 

study approach, but they have varied experience in teaching through problem solving. 

Three teachers have three years of experience of teaching through problem solving; 

four teachers have two years of experience of teaching through problem solving, and 

three teachers do not have any experience of teaching through problem solving. 

Research Variables 

Instructional methods were considered as the independent variable between the 
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three groups in this study in order to examine how each instructional approach affects 

students’ problem-solving ability. Student’s ability to solve problems, the dependent 

variable, was assessed using mathematical problem-solving test and teachers’ responses 

through the semi-structured interview. 

Research Instruments  

Researchers often assess the effect of Lesson Study approach on students’ 

learning in the following ways: (1) providing tests; (2) obtaining feedback from 

students and teachers about development; and (3) in some cases tracking those changes 

over time )Dudley, Vermunt & Lang, 2019). Therefore, the study utilized two main 

instruments: problem solving mathematical test, and teacher’s interview. 

The rationale behind using two instruments is that relying on a single source for 

data collection methodology exposes the study to weaknesses (Wolcott, 1988). In 

addition, applying a variety of data collection methods helps in exploring complex 

issues over an extended period of time (Pelto & Pelto, 1978).  

Mathematical problem solving test was used to assess students’ problem solving 

ability in mathematics, while the interview design held the possibility for fruitful 

discussion that lead to richer and more productive conversation. The interview form 

included a list of direct and open questions to collect data related to the study.  Upon 

participants’ responses, questions were modified to investigate new ideas (Merriam & 

Tisdell, 2015).  

The Mathematical Problem-Solving Test 

 The study utilized mathematical problem-solving test to measure students’ 

ability in mathematical problem solving. The researcher developed the test based on 

Qatar’s mathematics curriculum and TIMSS items announced in 2011 and 2015 (see 

Appendix A). This test instrument combined TIMSS items from ‘knowing’, ‘applying’ 

and ‘reasoning’ domains in the three mathematical strands “algebra”, “geometry”, and 
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“data handling”.  The criterion for selecting items was the average correct responses of 

students in the State of Qatar to these items was less than 35%.  

The test adapted multiple-choice items format, however, it required students to 

demonstrate their work and thinking as multiple-choice assessment is not enough to 

assess the PBL outcomes (Roopashree, 2014). The test in its last version consisted of 

20 items. Completing this test needed 45 minutes approximately were students solved 

the problems and showed their work as well. A higher score on the mathematical 

assessment indicated higher mathematics performance and the ability to solve problem, 

while a lower score represented lower mathematics performance. 

For the purposes of the study, the mathematical problem-solving test was 

translated into Arabic. 

Rubric 

The researcher created a rubric (see Appendix B) to eliminate any potential bias 

while grading. To understand the participants’ thinking process, the researcher used 

different grading systems for some quotations other than the original TIMSS’s rubric. 

For instance, the TIMSS rubric accepted the right choices or accurate answer as full 

credits, while developed rubric assessed responses and justifications to calculate full, 

partial, or no scores. The rubric assesses the understanding of the problem, planning, 

strategies, calculations, and solution for each question. 

The rubric is considered crucial to ensure the consistency of the scoring system 

and to avoid any subjectivity in evaluation.  In addition, all possible solutions to solve 

open-ended questions were considered. Moreover, to ensure that marking and scoring 

were done correctly, the researcher scored a random sample of students’ solutions from 

each class. 
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Validity of the Mathematical problem - solving test: 

To ensure the validity of the problem-solving test, a panel of 10 experts in 

mathematics education including professors from Qatar University, educational 

supervisors from the Ministry of Education and Higher Education, professional 

development specialists in Mathematics, English and Arabic at the National Center for 

Educational Development reviewed the test items. Suggestions were adopted to 

enhance the test validity.  

Reliability of the Mathematical problem - solving test: 

To evaluate the test’s reliability, a pilot study was implemented on 10 subjects 

taken from the sample. Fifteen days later, this test was re-administered to the same 

subjects. The outcomes were correlated utilizing coefficient Cronbach’s Alpha (see 

table 2), Cronbach’s Alpha reflects that good reliability of questions as all reliability 

coefficients are greater than 0.7.  Researchers suggest that a level of 0.67 or higher is 

acceptable (Cohen et al., 2018). 

 

Table 2: Reliability of mathematical problem solving test in each category by using 

Cronbach's Alpha coefficient. 

Item  Reliability measure   

First group: students who studied using 

lesson study approach from 2 years 

0.926 

Second group : students who studied 

using lesson study approach from 1 year 

0.781 

Third group : students who studied using 

conventional instructions 

0.730 

Total 0.872 

 

 

Teachers’ Semi-structured Interviews:  

Hatch (2002) and Creswell’s (2007) indicated that interviews, as a method to 
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collect data, contribute to understand the phenomenon in depth, and are significant to 

utilize data to lead the study.  

In this study, the researcher interviewed each teacher individually, following 

pre-set semi-structured interviews and their protocol (see Appendix C) to explore 

teachers’ mathematical instruction, pedagogical strategies to teach and assess problem 

solving, and knowledge related to student’s problem solving ability. The interview 

protocol was e-mailed to each teacher before the interview sessions. This helped 

teachers to review questions, clarify any misunderstandings about them, and confirm 

that all teachers had the same understanding of the questions.  

The researcher interviewed each teacher for 30-40 minutes regarding using the 

lesson study approach with structured problem solving, its effect on her instructional 

strategies, and student’s problem solving ability in the grade level.  

After completing the interviews, the data were transcribed, reviewed several 

times to coded, and then identify initial themes. Data were translated from Arabic to 

English afterwards and were reorganized based on research questions. 

Validity and Reliability 

Methods of trustworthiness in the qualitative research work are used as an 

attempt to ensure results’ accuracy. For this study, the researcher aimed to ensure 

creating consistent and trustworthy information using qualitative method in an ethical 

manner, thus that the results of the study can be trusted (Merriam & Tisdell, 2015). 

Initially, before the interview session, the researcher requested permission to 

audio record the interview to ensure the accuracy of data collection and the validity of 

the study (Benatar, McKibbin, & Stewart, 2012).  

According to Anfara, Brown, and Mangione (2002), using a detailed description 

can enhance external validity of results, which are also supported by connecting them 
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to the quantitative data collected in this mixed methods study. 

The researcher conducted interviews in private to encourage participants to be 

responsive and honest with their feelings and thoughts about their students’ ability to 

solve mathematical problems. Participants were informed that all data would be kept 

confidential to provide honest and accurate responses during the interviews. Moreover, 

all participants were aware that they could refuse or withdraw their participation at any 

time of the study without providing explanation to the researcher to ensure that data 

collected would only involve participants who would voluntary provide it (May & Luth, 

2013).  

Lastly, all participants reviewed transcripts and confirmed that they reflect their 

responses accurately.  

Research Procedures 

The study was conducted after receiving the approval from Qatar University 

Institutional Review Board (QU-IRB) on the second semester of the academic year 

2020-2021.  

First, possible schools, teachers and students who meet criteria were identified. 

In each school, the researcher met with the principle, explained the nature and the 

purpose of the study, the reason for choosing the school and participants, and requested 

approval from the principle to meet with the mathematical department in the school.  

After that, the researcher met with the teachers to explain the nature and the 

purpose of the study, invited them to participate in the study, discussed time and method 

of data collection, and provided consent form for teachers welling to participate in order 

to sign. 

Next, the researcher spent about 10 minutes during the first period at each class 

to explain the study to grade five students, distributed consent forms to be signed by 

their parents, and asked them to hand them over to the math teacher. Three days later, 
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the researcher visited the school and collected the forms. 

After this, the test was conducted during the first two periods for the three 

groups over a period of three days on the third week of February 2021. The researcher 

collected exam papers, and spent two months to grade and analyze them. 

Finally, the researcher contacted the teachers to arrange individual interviews 

during the months of May, June and July 2021. Interview appointments were set based 

on participants convenient.  

Data collection and analysis 

To explore the effectiveness of using structured problem solving based lesson 

study approach on students’ mathematical problem-solving proficiency compared to 

classrooms that do not use this approach, data were collected from 10 teachers and 117 

students in 2 public schools in Qatar. The study assessed students’ problem-solving 

ability through mathematical problem solving test, then teachers’ interviews were 

conducted to provide further insight of students’ problem solving ability. The following 

table demonstrates how each research question was answered using which research 

tools. 

 

Table 3: Data Sources: Research instruments based on the research questions  

Research questions Data Sources 

Q1 Main Source: scores of mathematical 

problem solving test. 

Supporting Source: teachers’ 

interview. 

Q2 Main Source: teachers’ interview 

Supporting Source:  students’ work 

 

An overall goal of this analysis was to examine students’ problem solving 

ability in relation to lesson study approach. This allowed the researcher to explore the 
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impact of lesson study approach on students’ problem solving ability. 

In this mix method study, the researcher analyzed the quantitative data to 

provide background information about the difference in ability of problem solving 

between the three groups of students, then collected and analyzed the qualitative data 

to clarify and explain statistical outcomes in depth. 

Quantitative data were analyzed using descriptive statistics as well as analysis 

of variance (ANOVA). The researcher calculated the Mathematical problem-solving 

test scores for the three groups. Tables with mean scores and standard deviations for 

this test scores were generated to compare the grades of each of algebra, geometry, data 

handling, and the total grade between the three groups. Then ANOVA test and Post hoc 

tests were used to determine if there was a significant difference in the means of the 

three groups. The researcher also highlighted the differences among these groups by 

giving excerpts from their responses in the test. 

Interviews and written responses to interview questions provided data that led 

to a deeper understanding of the phenomenon and are best used when the researcher 

wants to gain detailed insights from individual participants (Bloomberg & Volpe, 

2015). Therefore, Separate interview were conducted with each participant and audio 

recorded for professional transcription.  Each participant answered the same main 

questions, probing questions were asked based on their responses for more details and 

clarifications. Each interview took about 35 minutes. The researcher analyzed the data 

to examine how do students demonstrate their ability to solve problems. The researcher 

used transcriptions of the audio recordings to create a coding scheme, then organized 

and conceptualized these codes into categories and overarching themes. The researcher 

used interview transcripts to support the depth of analysis and provide further evidence 

of students’ problem solving ability. 
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All interview data were transcribed into “word document’ format to integrate 

participants’ responses. These data were gathered and analyzed to determine common 

themes mentioned in their responses. Following Creswell (2014) recommendation, the 

first step in data analysis involved getting an overview of all the information. Once all 

data were transcribed, the researcher reviewed all the collected information several 

times to get an understanding of the overall data. Moreover, the researcher documented 

results in reflective notes as a first sorting out process. Following that, a coding system 

was developed to reduce the data, identify and highlight particular themes, and sort the 

text into categories. Data reduction was followed by the creation of a graphic table 

displaying the information. As a result, themes were reduced into seven categories. 

Ethical considerations in the Study 

In all research studies, it is critical to safeguard human participants by following 

appropriate ethical guidelines. Therefore, ethical principles were reviewed and 

followed to ensure the well-being of all participants.  

As required, permissions and approvals to conduct this research were obtained 

from Ministry of Education and Higher Education, Qatar University Institutional 

Review Board QU-IRB and the schools. All guidelines established by the QU-IRB were 

followed to ensure safe and ethical handling of participation in this study. 

This study does not pose any risk on students. Students’ safety and well-being 

has been at the forefront of the study at all times. Purpose and overview of the study 

were explained to the students, and were communicated to their parents. Throughout 

the research, participating students engaged in their regular mathematical curricula and 

school evaluations. Students and schools names were not included in the findings. 

Students were required to provide their assent to be part of the study. Since these 

students are young, it was critical to obtain assent form their parents as well. Students 

were informed that they have the freedom to withdraw from this study for any reason 
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without providing explanation to the researcher. 

Building an ongoing professional connections between the researcher and the 

participants, as well as providing clear explanation of the study goal, methods, and 

findings, was an essential element in maintaining clear communication regarding the 

study’s purpose, procedures, and outcomes. 

During the study, the researcher considered objectivity, ensured the analysis 

accuracy, and provided feedback for emerging themes. 

This study paid close attention to ethical concerns such as protecting subjects’ 

privacy and confidentiality. All materials used in the study such as participants’ written 

consent and assents, audio recordings, transcripts, and interview notes are stored and 

kept in a locked cabinet at home that is accessible only by the researcher. Moreover, all 

electronic material is stored on the researcher personal laptop and were kept secured by 

a password that is known only to the researcher. Five years later, all participant data 

will be destroyed, thus safeguarding participants’ privacy. 
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       CHAPTER FOUR: RESULTS  

This study aims to explore the impact of lesson study approach on mathematical 

problem solving ability of students in Qatari government schools. To serve this purpose, 

the following guiding questions and sub questions were answered through the study. 

1) Does mathematical problem solving ability differ between students who learn via 

lesson study approach compared to students learning in traditional classes? 

o Is there any statistically significant difference (α= 0.05) between students’ mean 

score of problem solving test among the three groups? 

 2) How do students demonstrate their problem solving ability?  

This chapter provides the mathematical problem-solving test results given 

during the academic school year 2020-2021 at two primary schools in Qatar.  Data 

gathered from participating teachers’ interviews are also provided.  Descriptive 

statistics and analysis of variance (ANOVA) were utilized to analyze quantitative data 

collected from the test.  While the qualitative data collected during teachers’ interviews 

were analyzed using thematic analysis. These results are presented in response to each 

of the above-mentioned questions. 

Research Question 1: Does mathematical problem solving ability differ between 

students who learn via lesson study approach compared to students learning in 

traditional classes? 

Quantitative Results (mathematical problem solving test) 

Quantitative data used to answer the first sub-research question, “Are there any 

significant statistical difference (α= 0.05) between students’ mean score of problem 

solving test among the three groups?”  Data were analyzed to show if there is any 

difference in the ability to solve mathematical problems among students who received 

learning via lesson study approach for two years, students who received learning via 
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lesson study approach for a year, and students who followed the conventional learning.  

 Mathematical problem solving test is used to assess students’ mathematical 

problem solving ability in algebra, geometry and data handling. The following strands 

were tested: (a) Algebra: 60 % of the total mark of the exam. (b) Geometry: 30 % of 

the total mark of the exam. (c) Data handling: 20 % of the total mark of the exam. All 

grades were adjusted to be out of 100 and the total to be out of 300.  

 Mathematical problem-solving test scores for all groups were calculated and 

represented in tables including mean scores and standard deviations to compare scores 

in algebra, geometry, and data handling, and the total scores between the three groups. 

In addition, the Analysis of variance )ANOVA( test and Post hoc tests were used to 

determine if there is a significant difference in the means scores of the three groups.  

Testing normality 

In order to further prove and determine if there was a significant difference in 

the means scores between the three groups, the ANOVA test and Post hoc tests were 

used. Before conducting the ANOVA test analysis, testing normality was conducted to 

ensure data could be analyzed using the ANOVA test. 

 

Table (4): Tests of Normality 

  group 
Shapiro-Wilk 

Statistic df Sig. 

Algebra 

1 0.977 38 0.595 

2 0.97 39 0.377 

3 0.96 40 0.169 

Geometry 

1 0.962 38 0.219 

2 0.975 39 0.526 

3 0.952 40 0.092 

Data handling 

1 0.925 38 0.014 

2 0.926 39 0.013 

3 0.874 40 0.00 

Total 

1 0.987 38 0.93 

2 0.96 39 0.173 

3 0.938 40 0.129 
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Grades of mathematical problem solving test of (algebra, geometry, and the 

total) for the 3 groups are normally distributed as p-values for Shapiro-Wilk test and 

are greater than 0.05. Therefore, the researcher can use ANOVA to test significance of 

difference between the three groups in all grades, even data handling grades, which is 

not normally distributed. This is because with large enough sample sizes (greater than 

30) the violation of the normality assumption does not cause problems (Pallant, 2007); 

even if the data is not normally distributed, we can run parametric methods (Elliott, 

Woodward, 2007). 

Descriptive statistics 

 

Table (5): Descriptive statistics for variables of the study 

group Algebra Geometry 

Data 

handling Total 

First group: 

applied 

lesson study 

approach for 

2 years 

Mean 72.06 71.84 74.47 218.38 

N 38 38 38 38 

Std. 

Deviation 
8.422 9.028 12.013 27.844 

Maximum 88 90 100 278 

Minimum 55 47 40 142 

Skewness .070 -.375 -.166 -.177 

Kurtosis -.781 .775 .974 .605 

Second group 

: applied 

lesson study 

approach for 

1 year 

Mean 61.92 59.15 60.00 181.07 

N 39 39 39 39 

Std. 

Deviation 
9.609 13.106 18.918 36.034 

Maximum 83 87 100 238 

Minimum 45 33 30 112 

Skewness .309 .101 -.197 -.186 

Kurtosis -.543 -.523 -.615 -1.015 

students who 

studied using 

traditional 

instructions 

Mean 54.33 48.92 50.75 154.00 

N 40 40 40 40 

Std. 

Deviation 
9.920 12.251 20.177 35.728 

Maximum 82 77 100 258 

Minimum 37 23 30 103 

Skewness .589 .518 .543 .845 

Kurtosis .316 -.128 -.697 .541 
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Table (5) shows descriptive statistics, of the average grades in (Algebra, 

Geometry, Data handling, and the Total). The first group’s mean scores are (72.06, 

7.84, 74.47and 218.3, respectively), which are greater than the second group’s scores 

with average (61.92, 59.15, 60.00, and 181.07). Both groups’ scores are greater than 

the third group with average grade (54.33, 54.33, 50.75, and 154). Figure 2 and Figure 

3 represent results described above graphically. 

 

 

Figure 2: The mean of grades across groups 

 

 

Figure 3: the mean of total grades across groups 
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Analysis of variance )ANOVA( 

 An ANOVA test was used to analyze mean differences of problem solving 

mathematical test results between groups. The independent variable was the 

instructional approach and the dependent variable was students’ ability to solve 

mathematical problems. The null hypothesis in ANOVA is always that there is no 

difference in means. The alternative hypothesis of the ANOVA test is that at least one 

grades’ average of one group is different from others. Therefore, if we accept the 

alternative hypothesis, then we need to run the post hoc tests to know which groups are 

different specifically. Table 6 shows results of the ANOVA tests for each group. 

Algebra 

 

Table (6): ANOVA test for Algebra mean scores 

 

 

    

 

 

 

As shown from the above table, there was statistically a significant difference 

at less than 0.05 level related to students’ ability to solve algebra problems for all 

groups: F(2, 114) = 35.174, p = 0.00, which means that at least one group is different 

from others, so we ran the Post-hoc test to know which groups are significantly 

different. 

 

 

 

  

Sum of 

Squares df 

Mean 

Square F Sig. 

Algebra Between 

Groups 
6153.020 2 3076.510 35.174 .000 

Within 

Groups 
9970.959 114 87.465     

Total 16123.979 116       
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Table (7): Tukey HSD for Algebra scores  

 

 

A post hoc test (Tukey HSD) was used to identify differences in means, the test 

showed that the first group’s mean score (M = 10.138, SD = 2.132) was significantly 

different than the second group, and third group (M = 17.728, SD = 2.119). In addition, 

the mean score for the second group (M = 7.590, SD = 2.105) was significantly different 

than the third group.  

 

 

Figure 4: the Mean of Algebra grades across groups 

 

From the above tables and graph, results show that the average of algebra grades 

for the first group is 72.06, which is significantly greater than the second group and the 

third group with average of 61.92, and 54.33, respectively. This means the average of 
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Dependent Variable 

Mean 

Difference 

(I-J) 

Std. 

Error Sig. 

95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

Algebra 1 2 10.138* 2.132 .000 5.08 15.20 

3 17.728* 2.119 .000 12.70 22.76 

2 3 7.590* 2.105 .001 2.59 12.59 
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the algebra for the first group is significantly greater than the second group by 10 grades 

and third group by 17 grades, this with confident 95%, as the p-value is less than 0.05. 

Moreover, the average of algebra grades for the second group is 61.92, which is 

significantly greater than the third group’ average = 54.33. This means that the average 

of algebra scores of the second group is significantly greater than the third group by 

eight grades with confident of 95%, as the p-value is less than 0.05. 

Geometry 

 

Table (8): ANOVA test for Geometry mean scores 

  

Sum of 

Squares df 

Mean 

Square F Sig. 

Geometry Between 

Groups 
10264.971 2 5132.485 38.005 .000 

Within 

Groups 
15395.618 114 135.049     

Total 25660.589 116       

                                      

 

The above table shows that there was statistically a significant difference at less 

than 0.05 level related to students’ ability to solve Geometry problems for all groups: 

F(2, 114) = 38.005, p = 0.00, which means that at least one group is different from 

others, so we ran the Post-hoc test to identify which groups differed significantly. 

 

Table (9): Tukey HSD for Geometry scores 

Dependent Variable 

Mean 

Difference 

(I-J) 

Std. 

Error Sig. 

95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

Geometry 1 2 12.697* 2.649 .000 6.41 18.99 

3 22.925* 2.633 .000 16.67 29.18 

2 3 10.229* 2.615 .000 4.02 16.44 
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Running a post hoc test (Tukey HSD) to identify exactly where the means differed, 

results  showed that the first group’s mean score (M = 12.697, SD = 2.649) was 

significantly different than the second group, and third group (M = 22.925, SD = 2.633). 

In addition, the mean score for the second group (M = 10.229, SD = 2.615) was 

significantly different than the third group.  

  

  

Figure 5: the Mean of Geometry grades across groups 

 

From the above tables and graph, we can conclude that the average of geometry 

grades for first group is 71.84, which is significantly greater than the second and third 

groups with average of 59.15, and 48.92 respectively.  This means that the average of 

the geometry for the first group is significantly greater than the second group by 13 

grades and the third group by 23 grades and with confident of 95%, as the p-value is 

less than 0.05. In addition, the average of geometry grades for the second group is 

59.15, which is significantly greater than the third group’s average, 48.92. This means 

that the average of geometry results of the second group is significantly greater than the 

third group by 10 grades and with confident of 95%, as the p-value is less than 0.05
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Data handling 

 

Table (10): ANOVA test for Data handling mean scores 

  

Sum of 

Squares df 

Mean 

Square F Sig. 

Data 

handling 

Between 

Groups 
11106.103 2 5553.052 18.182 .000 

Within 

Groups 
34816.974 114 305.412     

Total 45923.077 116       

                

 

From the above table we conclude that there was statistically a significant 

difference at p-value (sig) less than 0.05 level related to students’ ability to solve Data 

handling problems for all groups: F(2, 114) = 18.182, p = 0.00, which means that at 

least one group is different from others, so we will use the results of Post-hoc test to 

know which groups are significantly different. 

 

Table (11): Tukey HSD for Data handling scores 

Dependent Variable 

Mean 

Difference 

(I-J) 

Std. 

Error Sig. 

95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

Data 

handling 

1 2 14.474* 3.983 .001 5.01 23.93 

3 23.724* 3.959 .000 14.32 33.12 

2 3 9.250* 3.933 .043 .09 18.59 

 

 

Using a post hoc test (Tukey HSD) to identify differences in means, the test showed 

that the first group’s mean score (M = 14.474, SD = 3.983) was significantly different 

than the second group, and third group (M = 23.724, SD = 3.959). In addition, the mean 

score for the second group (M = 9.250, SD = 3.933) was significantly different than the 
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third group.  

 

 

Figure 6: The Mean of Data handling grades across groups 

 

From the above tables and graph, we can conclude that the average of data 

handling grades for the first group is 74.47, which is significantly greater than the 

second and third groups’ average of 60 and 50.75, respectively. This means that the 

average of data handling for the first group is significantly greater than the second group 

by 14.47 grades and the third group by 24 grades and with confident of 95%, as the p-

value is less than 0.05. In addition, the average of data handling grades for the second 

group is 60 which is significantly greater than the third group with average = 50.75. 

This means that the average of data handling for the second group is significantly 

greater than the third group by nine grades with confident 95%, as the p-value is less 

than 0.05. 
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Total grades 

 

Table (12): ANOVA test for the total mean scores 

  

Sum of 

Squares df 

Mean 

Square F Sig. 

Total Between 

Groups 
81242.708 2 40621.354 36.232 .000 

Within 

Groups 
127809.9 114 1121.139     

Total 209052.6 116       

                                            

     

From the above table, we can conclude that there was statistically a significant 

difference at p-value (sig) is less than 0.05 level related to students’ problem solving 

ability for all groups: F(2, 114) = 36.232, p = 0.00, which means that the null hypothesis 

is rejected and at least one group is different from others. Results of Post-hoc test are 

presented to identify which groups are significantly different. 

 

Table (13): Tukey HSD for total scores 

Dependent Variable 

Mean 

Difference 

(I-J) 

Std. 

Error Sig. 

95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

Total 1 2 37.309* 7.632 .000 19.18 55.43 

3 64.377* 7.585 .000 46.36 82.39 

2 3 27.068* 7.535 .001 9.17 44.96 

 

 

A post hoc test (Tukey HSD) was used to identify where the means differed, results 

showed that the first group’s mean score (M = 37.309, SD = 7.632) was significantly 

different than the second group, and third group (M = 64.377, SD = 7.585). In addition, 

the mean score for the second group (M = 27.068, SD = 7.535) was significantly 

different than the third group.  
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Figure 7: The Mean of total grades across groups 

 

From the above table and graph, we can conclude that the average of total grades 

for the first group is 218.38, which is significantly greater than the second and the third 

groups’ average of 181.07 and 154, respectively. This means that the average of data 

handling results for the first group is significantly greater than the second group by 37 

grades and the third group by 64 grades with confident 95%, as the p-value is less than 

0.05. In addition, the average of total grades for the second group is 181.07, which is 

significantly greater than the third group’s average of 154, which means the average of 

data handling for the second group is significantly greater than the third group by 27 

grades and with confident of 95%, as the p-value is less than 0.05. 
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approach used as a teaching tool to enhance students’ mathematical problem solving 

ability. Results show that students who learned using lesson study approach for 2 years 
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Results also show that both groups have higher ability than students who learned via 

traditional instructions, with confident 95%. 

Does mathematical problem solving ability differ between students who 

learn via lesson study approach compared to students learning in traditional 

classes? 

Qualitative Results (semi-structured teacher’s interview) 

For this study, the researcher conducted semi structured interviews in order to 

further investigate how lesson study approach affects students’ mathematical problem 

solving ability in comparison to conventional teaching methods. Interviews’ transcripts 

analysis yielded seven interesting themes related to students’ ability to solve problems. 

Four of these themes related to the first research question. These themes are; the effect 

of the instructional approach on students’ ability to solve mathematical problems, 

evaluation of students’ problem solving ability, factors that facilitate or hinder students’ 

ability to solve problems, and development of students’ ability to solve problems during 

the last 2 years. Although these are classified as different themes, there is a considerable 

overlap between them.  

Theme 1: The effect of the instructional approach on students’ mathematical 

problem solving ability. 

One of the most obvious themes that emerged was the effect of instructional 

approach on students’ problem solving ability. Teachers’ responses varied regarding 

the effect of the instructional approach on students’ ability to solve mathematical 

problems. 

Teachers of the first Group  

All participants reported that the Lesson Study with (PBL) as teaching method 

affected positively students’ problem solving ability. Teachers’ noticed that students’ 
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scores mostly increased in quizzes and exams after applying lesson study approach for 

a good period. Moreover, other improvements were observed including explaining and 

justifying answers clearly; using appropriate strategies ; using multiple representations; 

speaking mathematically; making connections between words; using, acquiring and 

applying accurately symbols and numbers; and having number sense. For examples one 

of the teachers’ said” 

 “I noticed that this approach had a clear effect on learning mathematics. There 

was an improvement and development for all students. All students developed and 

progressed in their ability to solve problems… they used multiple representations, … 

they made connections between words, symbols and numbers, provided reasoning and 

justification for their answers.”   

Another teacher added: “Lesson study allowed students to construct more 

conceptual understanding of mathematics. It was noticeable, without any doubt that 

teaching through problem solving promotes student’s mathematical knowledge, their 

problem solving ability and learn a set of strategies …their reasoning skills and how to 

express their thinking”.  

Moreover, a third teacher added: “Well this approach have students realize the 

importance of mathematics in their life, and it improved students mathematics learning 

and their ability to solve problems. For example, students improved in making sense of 

the problem, planning, speaking mathematically, as well as showing acceptable level 

of reviewing solutions, utilizing multiple representations, and using diverse methods to 

solve the same problem”.   

Teachers of the second Group  

  Teachers of the second group credited the instructional approach of lesson study 

they were utilizing as the main contributor to the improvement of their students’ ability 
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to solve problems, as it helped them understand mathematical concepts. In addition, 

teachers stated that students came to be more willing to express their thoughts, justify 

their answers, and listen to others’ thinking. Teachers talked in details about their 

students’ progress in problem solving ability. Examples of their responses are written 

below. 

“I have noticed an increase in problem solving ability over time.  I think that 

in the last 2 years the problem solving ability has been improving all the time. I 

contribute this to the lesson study and problem-solving environment.” T4 

“I think the lesson study allows for a deeper conceptual understanding of 

mathematics and improve problem solving ability of students.  With the problem-

based learning, challenging problems, and the ways that students used to solve 

problems are very beneficial. It helps to develop students’ problem solving ability.” 

T5 

“Lesson study approach as being positively accepted by the students, helps them 

understand the mathematical concepts and improve problem solving ability. 

Encouraged students to utilize different problem solving strategies.” T6 

Teachers of the third group 

Teachers of the third group reported that instructions implemented did not have 

noticeable impact on students’ problem solving ability. The interviews with teachers 

also looked into students’ weaknesses and factors could influence their problem solving 

ability.  These included reliance on memory, lacking perseverance, lacking of strategies 

to apply, difficulty understanding the meaning of the problem. 

“I think that the students’ ability to solve problems has not developed 

significantly, many students still suffer in mathematical problems and prefer direct 

questions in which they can use direct formulae to solve them because they depended 
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on their memory, … most students lack perseverance and did not spend more than three 

minutes to solve the problem.”  T8 

"I think that the method of teaching has nothing to do with the students' problem 

solving ability. Most students lack strategies and find it difficult to understand the 

problem. I think that the curriculum is the important factor in the development of 

students’ ability to solve problems, as well as the students themselves, and the attention 

of their parents and follow-up in solving school assignments.” T10 

Theme 2: Development of students’ problem-solving ability during the last 2 years. 

Teachers varied in what they thought about students’ level of development in 

problem-solving ability.  Teachers of the first and second group noticed students’ 

progress in mathematical problem solving ability, whereas teachers of the third group 

did not see any changes in student’s abilities.   

Teachers who used lesson study as instructional approach reported 

development and gave credit to the structured problem solving method.   All teachers 

in the first group stated that there was improvement in students’ problem solving 

ability over time.  All asserted that they noticed improvement on students’ problem 

solving ability compared to students from previous years. Examples of their 

responses are prescribed below. 

“Students’ problem-solving ability has improved ...They have clearly 

improved from the first year .. Well, I think that because of the process this approach 

have, students realize the importance of mathematics in their lives, and because 

students learned mathematics through problem-solving …they think about the 

mathematical concepts in depth rather than memorizing.” T2 

“I think my students perform better than before. It seems they get a little bit 

better and more improved in mathematics each year. ..You know this year is our 
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fourth year implementing lesson study, I think that the way we focused a lot on 

mathematical problem-solving in the last few years has helped our students along 

with the lesson study process.” T1 

“My students’ problem-solving ability had improved.. I noticed a big change 

in problem-solving ability compared to students from previous years; they do not 

seem to be as afraid to address problems. … They want to be called out to express 

their opinions… They are also speaking more effectively about their strategies. I 

credit that improvement in students’ problem-solving ability to the process of lesson 

study approach and problem-based learning.” T3 

Teachers of the second group 

Teachers of the second group had similar thoughts about students’ progress in 

solving mathematical problems. However, as for the level of progress, they stressed 

students’ needs for more efforts to achieve more progress. 

“Prior to use problem-solving approach, I had done a lot of examples and 

exercises; it was practically made students memorize. However, with problem-based 

learning, I am taking a step back and letting students decide their own strategies to 

solve the problem and their own methods to check the answers.  ….as a result, 

students showed more confidence selecting problem-solving strategies, and 

attempting to apply these strategies during the first year.”T4 

“I noticed improvement in students’ ability to solve problems  ...They do not 

give up as quickly as prior students did.  Students benefit from PBL by choosing 

how to solve problems through multiple methods, and by explaining their methods. 

They perseverance improved ...they tend to keep trying different ways to solve  a 

problem until they find the solution, try new approaches, and are more confident 

because they can use another way to solve the same problem and check the answer 
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by themselves. I believe they have improved and are becoming better, but there is 

still need to improve more.” T5 

“Well, they have a confidence boost as they can find solutions and can solve 

problems. So, I think that it helped them persevere during problem solving. While 

prior to this year, students could only persevere for less than three minutes before 

giving up, becoming frustrated, or raising their hand asking for support and 

assistance.” T6 

“At the beginning of that year, students struggled to select strategies, use it to 

find solutions regarding problem solving. However, during school year we applied 

lesson study; students started to ask more relevant questions and developed 

alternative methods to solve the problems.”T7 

Teachers of the third group 

Teachers of the third group did not observe problem-solving ability changes 

much from previous years.  They cited that students’ abilities are the same as previous 

years in solving problems. They have problems with problem comprehension, selecting 

operations, using strategies and reaching the correct answers. They also noted that their 

perseverance also did not change much either. 

“Students’ ability to solve problems has not changed much compare to students 

in previous years.  The only thing that I would ask for would be more time to practice.  

Sometimes we will go through a lesson and I just want them to practice operations/ 

skills a little more.” T8 

 “Problem solving can be a hard skill for students and it actually is as we see 

in classes. They still find difficulty understanding the problem, choosing correct 

operations and applying suitable strategies. Their perseverance in solving problems 

did not change much.” T9 
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"I think students’ problem solving ability is about the same. We will always 

have that group of students who strive on trying to solve problems and then another 

group who find difficulty solving problems. They are good at arithmetic, but they 

are not able to apply it. I did not notice an improvement over time, …I think 

providing real-life problems to classrooms is important.”T10 

Theme 3: Factors that facilitate or hinder students’ ability to solve problems. 

When talking about what factors affect problem solving ability, Teachers of 

groups one and two reported some factors they perceived as having a major role 

affecting and improving students’ problem solving ability. The process of the Lesson 

Study with PBL is the main factors includes in problem solving, the nature of tasks 

presented to students, and students’ prior knowledge.   

“Students seem to enjoy mathematics problems overall… The nature of 

problems given to students contribute to improving their ability to solve problems. 

Students’ problem solving ability increased when they were asked to solve 

challenging problems.  Problems should be adequate that they are able to solve them 

and challenging enough to motivate them. .. The nature of the problem that it can be 

solved in more than one-way and access prior knowledge is very important. 

Therefore, when a solution strategy fails, they search for another way. In addition, 

high expectations of students in the classroom, holding students to be responsible, 

and allowing them to take ownership of their learning which helped with improving 

problem solving ability.”T1 

“Students need problem based learning process to develop their ability to 

solve mathematical problems. Doing, thinking, justifying, sharing, making 

mistakes, trying again and evaluating answer, help students to learn mathematics 

and improve their ability to solve problems” T2 
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“The lesson study and problem-based learning process played an important 

role in students’ problem solve ability development… the level of problems, ways 

of making sure students have prior knowledge and know how to use it to solve 

problem also changed. I just think that applying what they know and being able to 

address the problem in order to make sense of it helps… Also the modeling in 

mathematics is important. Therefore, a lot of modeling to try to get them to figure 

out how to work through the problems helps.” T6 

“The impact of lesson study and process it presents, the type of problems and 

that it can be solved in many ways …the level of challenge presented to students; 

these all were important factors to be considered when looking at students’ improved 

problem solving ability. … Other factors also considered such as students’ 

understanding of content, previous experience, and discussions, all helped because 

students get to share their arguments”.T5 

“The type of problems given contributed to the students’ progress of problem 

solving ability. These problems can reach the solution in more than one way. Even 

for students who are struggling,  these problems enable students to work at their own 

pace, find a way to get the answer, select appropriate methods and apply knowledge 

to create their solutions.”T3 

“Learning through problem solving has made a big difference in students 

learning than trying to start off the lesson easy with an example. Students are 

acquiring mathematical knowledge. They are learning when and how to apply it. I 

think the nature of the task played a role… Good tasks helped students use their prior 

knowledge and build on it. Various solutions’ methods also allowed students to work 

at their own pace.”T7 

“I have gradually seen students have a better understanding of mathematics 
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and improve problem solving ability over the past year.  this is contributed directly 

to the problem based learning process…. allowing students to control their learning, 

giving them time to solve, and the opportunities to solve using methods they prefer, 

discussing methods with class, and having those methods appreciated by the teacher 

in class, helped with learning mathematics and problem solving.” T4 

Theme 4: Evaluation of students’ problem solving ability.  

Teachers were asked to rate their students’ ability to solve mathematical 

problems. Teachers responded by evaluating the ability of their students to solve 

problems as shown in table (14). Teachers who taught students in-group 1 reported that 

students’ level of ability to solve problems ranged between 80% and 85%. While 

teachers of the second group stated that, their students’ level in solving problems was 

around 70%. Teachers of the third group rated their students’ ability to solve problem 

with less than 50%. Examples of teachers’ responses are written below.  

“Most students did well when they address mathematical problems,…  I’m 

proud of them, I give them 80%.” T2 

“Um… I can give those students between 80 to 85%.” T3 

“They are good, but they still need more time to be excellent. I gave them 70%,.. 

I think if they continue learning using this approach, they will be better.” T4 

“Students’ ability to solve problems was improved. I can give them around 70%.”   T7 

“I give most students 40 to 45%. They need hard work to rise their ability to 

solve problems.” T9 

“There are good students in my class, but I can rate the ability of the majority 

of students as less than 50%.” T10 
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Table (14): Teachers rate of students’ problem solving ability  

Teachers by 

groups 

Frequency  Percent  Quotation Examples 

teachers of the 

first group  

(3 teachers) 

2 

 

1 

80 % 

 

85 % 

 “Most students did well when they 

address mathematical problems,…  I 

am proud of them. I give them 80%. “ 

T 2 

“Um… I can give those students 

between 80 to 85%.” T3  

Teachers of the 

second group  

(4 teachers) 

 

4 

 

70% 

 “They are good but they still need 

more time to be excellent. I gave 

them 70%,.. I think if they continue 

learning using the same approach, 

they will be better than now. “ T4 

“Students’ ability to solve problems 

was improved. I can give them around 

70%.”   T7 

 

Teachers of the 

third group  

(3 teachers) 

 

 

3 

 

Less 

than 

50% 

 

“I give most students 40 to 45%. They 

need hard work to improve their 

ability to solve problems” T9 

“There are good students in my class, 

but I can rate the ability of the majority 

of students as less than 50%.” T10 

 

 

Research question 2: How do students demonstrate their ability to solve problems?   

 In order to address the second research question, asking how do students 

demonstrate their problem solving ability, teachers were asked to explain how students 

demonstrate their problem solving ability. An analysis of the qualitative data yielded to 

two themes. The fifth and sixth theme is related to the second research question, which 

aimed to explore how students demonstrate their problem solving ability. The fifth them 

is: Assessment methods of students’ ability to solve problems.  While the sixth theme 

is about how students demonstrate their problem solving ability.  

Theme 5: Assessment methods of students’ ability to solve problems 

Another prominent theme detected throughout data collected focused on how 
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teachers assess their students’ ability to solve problem. Most teachers confirmed that 

assessing students’ ability to solve problems had several methods, including test, 

observing students while working on solving problems, and presenting and discussing 

their solutions. As for the evidence teachers found indicating the development of 

students’ ability to solve problems, they were as follows: increase in students’ scores 

in quizzes; using multiple representations; explaining and justifying their answers 

clearly; modeling the problem; using one or more strategies to solve problems, and 

finding the correct answer. Examples responses are written below.  

 “To assess students’ problem solving ability improvement, we need to assess 

them during and after problem solving lessons. However, possible methods to assess 

problem solving ability require knowing both the procedures and the last answer 

demonstrated by students, which reflect not only on how they apply understanding 

conceptions to solve none routine problems, but also their explanation, reasoning and 

justification, for the solution…. In terms of evidence  indicating the ability to solve 

problems … increasing scores in the tests; using multiple representations; explaining 

answers clearly; using appropriate strategies, and finding the correct answer” T1 

“To evaluate students’ ability to solve problems, Teachers need to focus on 

asking specific open-ended problems that allow students to present their own ways of 

solving problems through selecting some strategies and explaining in their own words 

how these strategies would work. Evidence indicated students’ ability to solve problem 

are: increasing scores in unit tests; using different representations; explaining answers 

with reasoning; using more than one strategy to solve the same problem.” T2 

“Students are accountable to justify alternative strategies to solutions, using 

prior knowledge as a background resource for informing decisions and selecting 

strategies and provide explanations and reasoning.” T3 
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 “Students’ ability to solve problems can be assessed by examining the process 

followed to solve a problem rather than the final answer found only. Students are also 

required to explain their reasoning when giving the answer.” T4 

“Students’ problem solving ability can be measured by seeing how they apply 

their learning in different activities, exercises and tests… our focus should be on 

methods students use to solve problems, rather than the correct answer” T5 

Theme 6: How students demonstrated their ability to solve problem 

In the first and second group, most students attempted to understand the 

problems and come up with plans to solve them. Most students persevered to solve a 

problem before moving to the next one; tried new methods; were comfortable using 

more than one strategy and most of them were able to present their arguments 

accurately. However, compiling, applying strategies and evaluating the results were 

less accurate. Students generally showed acceptable level about explanation, using 

multiple representations, and attempting various methods to solve the same problem. 

This was stated clearly in teachers’ responses as follows: 

“Students provide explanations, and use diagrams to show their solutions to 

problems. Most of them are able to distinguish between relevant and irrelevant 

information when solving problems. “ 

“Students’ problem solving ability depend on their ability to use specific 

strategies, make sense of a problem, identify appropriate methods, sequence solving 

problem, construct a solution, and examine problem solving result.” T1 

“Students’ demonstrated their ability to solve problems in three ways: 

identifying and defining problem, finding solution by applying their understanding to a 

problem, giving reasoning to support this solution, and providing argument related to 

mathematics concepts clearly.”T2 
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“Understanding the problem and identifying information given and what they 

need to do; introducing alternative methods to find solution and evaluating results 

demonstrated students’ ability to solve problems.” T3 

Theme 7: Challenges of applying a structured problem solving approach. 

Based on the interviews, teachers highlighted two challenges that hinder 

applying lesson study with (PBL) approach in their classrooms as shown in table (15). 

Among these challenges, the time factor, which was the most prominent as all 

participants emphasized that the application of such an approach needs more time. 

Another challenge emerged based on teachers’ point of view related to the application 

of lesson study approach is students’ prior knowledge.  (70%) of the teachers think that 

students’ lack of prior knowledge is the challenge faced when applying structured 

problem solving in their classrooms, examples  of teachers’ responses are listed below: 

“Students’ lack of prior knowledge affects their academic performance. Solving 

current problems, students need to use and build on their prior learning in order to gain 

new knowledge.” (T7) 

 “We need to address students’ prior learning before beginning new learning 

using problem-solving approach.” (T4). 

 

Table (15): List of problem based learning approach Challenges (Qualitative) 

Challenges  Frequency  Percent  Quotation Examples 

 

Time-consuming 

 

10 
 

100% 

 Daily school schedule does not 

provide sufficient time and 

opportunities for students to grapple 

with challenging problems. 

The time factor is a challenge… 45 

minutes is not enough. Students need 

time to think about the problem and 

present their argument and then 

discuss solutions, come to 

generalizations or conclusions, and  
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Challenges  Frequency  Percent  Quotation Examples 

   then another question to make sure 

students understand. 

I think PBL requires more time than 

other approaches. 

 

 

lack of  students’ 

prior knowledge 

 

7 

 

70% 

 Prior learning experiences do not 

prepare students well for problem-

based learning. 

“I noticed that some students have 

problems because of the gap in their 

previous knowledge or lack of 

certain skills. This hindered them 

from cooperating and collaborating 

in the class.” 

“Students’ lack of prior knowledge 

affects their academic performance. 

Solving current problems, students 

need to use and build on prior 

learning in order to gain new 

learning. 

 

 

Students’ work 

To answer research questions regarding the difference between groups’ 

problem-solving ability, and how they demonstrate their ability, excerpts from students’ 

responses to problems in the test given were highlighted. For each question in the test, 

the researcher looked for evidence of students’ learning and how do students 

demonstrate their mathematical problem solving ability in each group.  

 

The following figures are an example of students’ work. In the picture below, 

students were asked to solve the following problem: “Fatima wants to send letters to 

12 of her friends. Half of the letters will need one page each, and the other half will 

need two pages each. How many pages will be needed altogether?”  
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Group (1) 

In the first group, most students were able to interpret the problem by modeling 

it appropriately, plan to solve problems, and explain the problem. Furthermore, students 

were also able to apply more than one appropriate strategy to find the answer, and 

present problems’ solutions accurately. Only four students struggled to use various 

strategies. 

 

 

Figure (8): Sample of students’ work from group 1 

 

The student was able to interpret the problem using drawing. Other strategies used to 

solve the problem included counting, and dividing 12 into two groups, one has six and 

the other has 12 in the last step, the student used addition to find the answer. 

Group (2) 

In the second group, most students generally demonstrated significant levels of 

understanding problems, tried different methods to solve problems, and used one or 

more strategies to solve problems in the test. However, some students’ methods were 

usually right but quite often their answers were incorrect. Only nine students struggled 
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to use various strategies in some problems. Moreover, students began to apply some 

mathematical explanation as they were solving problems.  

 

Figure (9): Sample of students’ work from group 2 

 

 

The picture above displays the answer of a student in the second group. The 

student was able to interpret the problem by dividing the 12 pages into two groups of 

six, then multiply one six by 1 to get 6, and multiply the other six by 2 to get 12. The 

last step was adding the results of the two multiplication sentences to find the final 

answer.   

Group (3) 

Students in the third group generally received lower scores in mathematical 

problem solving ability tests. While some students write the final answer without any 

explanation, most Students wrote answers without understanding what problems 

actually required. They also had difficulties in devising plans to solve problems and 

select appropriate strategies to find the answer. Students focused on the procedural 

calculations in solving problems only and did not understand the meaning behind the 

solution. Furthermore, the analysis of the mathematical problem-solving test identified 
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some common misunderstandings of specific mathematical concepts as well as 

common methods used among students, such as doing random calculations without 

clear plan and utilizing incorrect formulae. 

 

 

Figure (10): Sample of students’ work from group3 

 

 In the third group, most students did not find the correct answer as they took the 

numbers and added them altogether. They did not actually analyze what is being asked 

in the problem and thus, the student could not find the correct answer because she failed 

to analyze what the problem requires. 
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CHAPTER FIVE: DISCUSSION AND CONCLUSION 

Mathematics assists us to make aware and understand of the world in which we 

live as we go about our daily lives. This mixed-method study aims to describe the 

impact of using lesson study approach with structured problem solving on students’ 

mathematical problem solving ability. This chapter includes a discussion of results; 

interpretation of these results; comparison of the findings with previous literature, 

conclusions based on results, as well as recommendations for further research to be 

conducted. 

The first question investigated the difference in students’ mathematical 

problem-solving ability between students who apply the lesson study approach and 

those in conventional classes. The mixed-method, quantitative and qualitative data were 

collected, analyzed and interpreted to provide the opportunity to examine thoroughly a 

deeper and comprehensive understanding of the addressed research questions.  

Quantitative data were gathered and analyzed from the mathematical problem-

solving test. Its scores, the mean of these scores, and the standard deviations for all 

groups of students were calculated. Data then statistically compared to see if there is a 

significant difference in the mean scores between the two groups who learned using the 

lesson study approach and those who studied using conventional methods.  

Results show that the mean scores of the total grades for the first group is 

significantly greater than the second group and the third group. In addition, the mean 

scores of the total grades for the second group is significantly greater than the third 

group. These results agree with the findings of Bintoro et al.  (2021);   Khalid et al. 

(2020); Purwandi et al.  (2020); Gholami et al.  (2019); Ningrum et al.  (2019); 

Khotimah and Masduki (2016); and Khalid and Ali (2016) finding who highlighted that 

the application of lesson study approach with (PBL) increased students’ ability in 
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problem solving significantly. 

The analyses also revealed that the mean scores of algebra grades for the first 

group is significantly greater than the second group and the third group. Moreover, the 

mean scores of algebra grades for the second group is significantly greater than the third 

group. This indicate that the Lesson Study approach with (PBL) positively affects 

students’ ability to solve problems in algebra strand. This study supports conclusions 

found in the study written by Loc et al. (2020) which have reported that the lesson study 

approach has led to a positive change in the ability of students to solve problems in 

straight-line equations, a part of algebra. The current study also supports conclusions 

found in the study written by Khotimah and Masduki’s (2016) which have concluded 

that Lesson Study approach improved students’ problem solving ability in differential 

equations learning that is part of algebra as well. 

Furthermore, the mean scores of geometry and data-handling grades for the first 

group is significantly greater than the second group and the third group. While, the 

mean scores of geometry and data handling grades for the second group is significantly 

greater than the third group. This indicate that the Lesson Study approach with (PBL) 

positively affects students’ ability to solve problems in all strand and enhance their 

learning and achievement. This result was consistent with prior researches written by 

Salim and Samaan (2011) which have reported that the lesson study approach 

contributed significantly to enhance students’ learning and their achievement. 

In addition to data obtained from the quantitative analysis, the qualitative 

analysis for the interviews with teachers revealed that lesson study has positive impact 

on students’ problem-solving ability. Teachers who taught the first and the second 

groups confirmed that there was improvement in their students’ ability to solve 

mathematical problems, while the third group teachers responded that there was no 
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significant improvement in students’ level or their ability since the beginning of the 

year. Moreover, teachers asserted that lesson study with (PBL) is more positive than 

conventional methods as they found it effective in developing problem-solving ability, 

learning mathematics as well as improving perseverance and as the reasoning skill. 

Ranjan and Gunendra (2013) stated that with the development of students’ problem 

solving ability; students can enhance their cognitive abilities, carry out procedures, and 

obtain a deeper grasp of concepts. These results are consistent with prior researches 

written by Fauziah et al.  (2019) which have reported that lesson study with structured 

problem solving could enhance students understanding of mathematical lessons, and 

Kusumawati’s (2020) which have asserted that lesson study approach has developed 

students’ ability in mathematical reasoning.   

Teachers who participated in this study attributed this development to the 

process of lesson study with (PBL) includes in problem solving, the nature of tasks 

presented to students, and students’ prior knowledge. Evidence from the literature 

indicated that mathematical tasks presented as problems requiring higher order thinking 

help students demonstrate curiosity, creativity, create connections with previous 

knowledge, and collaborate with each other. It also enhances students’ motivation in 

solving mathematical problems and their reasoning skills, which allows for multiple 

entry points and diverse solution techniques (Boaler, 2016; Principles to Action, 2014; 

Zambo, 1996, p. 82). That aligned with the Literature, which highlighted that students’ 

previous understanding influences their perseverance and motivation with challenging 

tasks as they transfer through mathematical learning (e.g., Boaler, 2016; Pasquale, 

2015; Principles to Action, 2014).  

To answer the second research question investigating how students demonstrate 

their ability to solve mathematical problems, students’ mathematical problem solving 
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test results were analyzed. For each question in the test, the researcher looked for 

evidence of students’ learning and how do students demonstrate their problem solving 

ability in each group.  

Referring to the scoring rubric used to correct students’ responses to items of 

the mathematical problem solving ability test for the first and the second groups, 

students’ work generally demonstrated significant level of understanding problems, 

planning to solve them, using one or more strategies to solve the same problem, 

attempting different strategies, explaining and justifying their answers clearly, and 

using different representatives. However, some students’ methods were used the correct 

procedures but the final answers were not accurate. This result is consistent with the 

study written by Kilpatrick et al. (2001) which asserted that students skilled in 

mathematics demonstrate problem-solving behaviors, such as carefully reading and 

understanding problems, developing models, and making guesses about solutions and 

their strategies. 

On the other hand, students in the third group generally received lower scores 

in mathematical problem solving ability tests. Referring to the scoring rubric used to 

correct students’ responses to items of the mathematical problem solving ability test, 

most Students in third group wrote answers without understanding what problems 

actually required. Students’ responses to items of the test also demonstrated difficulties 

in devising plans to solve problems and select appropriate strategies to find the answer. 

Students’ solutions demonstrated that they focused on the procedural calculations in 

solving problems only and they were not able to understand the meaning behind the 

solution. As per data collected from teachers’ interviews, teachers attributed student’s 

weaknesses to specific factors that affected their problem solving ability such as 

students’ working memory, their lack of perseverance, lack of strategies to implement, 
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difficulty to understand the problem, and poor skills in reasoning and number sense.  

As the data acquired from the mathematical problem-solving test showed 

significant differences between the groups, and described how students’ demonstrated 

their problem solving ability. Data gathered from the interviews described significant 

development and progress in student mathematical learning, their problem solving 

ability, and engagement in mathematics lessons with increasing confidence and 

perseverance. Group 1 and group 2 teachers explained how students demonstrated their 

ability to solve problems as follow: Students were able to determine the unknown factor 

in each problem prior to attempting to find the solution. In addition, most students 

preserved to solve a problem before moving to the next, tried various strategies, were 

comfortable using more than one strategy, and most of them were able to present 

problems’ solutions accurately. Moreover, teachers noticed that students began to apply 

some mathematical reasoning as they were solving problems. Teachers also highlighted 

during the interviews evidence they observed indicating the development of students’ 

ability to solve problems, such as the increase in students’ scores in quizzes; students 

using multiple representations; explaining and justifying their answers clearly; 

modeling the problem, and finding the correct answer.  

Data collected using the students’ work and teachers’ interviews confirmed that 

students learned using the lesson study approach were able to understand the problems, 

create strategies, and use multiple representations. Studies indicate that students who 

are able to think, learn by themselves, evaluate their outcomes and present them 

appropriately are more likely to develop their problem-solving ability (Polya, 1973; 

Sajadi et al., 2013; Saragih & Habeahan, 2014; Batubara et al., 2017). Therefore, and 

since problem solving ability does not developed naturally (Tan, 2004), it is evident 

that using the lesson study approach helped in promoting students problem-solving 
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ability in this study. In addition, teachers’ interviews asserted that the lesson study 

approach with (PBL) has positively affected students’ problem solving ability and been 

successful in improving students in making sense, reasoning, and generating multiple 

strategies. These results are consistent with prior studies, reported that implementing 

Lesson Study approach lead to improve students’ ability to solve problems (Loc et 

al.,2020), reasoning (Kusumawati, 2020), and generatemultiple strategies (Hmelo-

Silver, 2004; Savery, 2015; Yeo & Tan, 2014).   

Qualitative data confirms quantitative data findings in terms of the positive 

impact of Lesson Study approach with (PBL).  Results showed that the first group’s 

scores and abilities are better than the second group, and both of them are better than 

the third group. The quantitative ranking is measured based on the mean scores; while 

the qualitative ranking is measured based on the number of teachers’ responses. 

Qualitative data also highlighted the time as the most prominent factor as the challenge 

that hinder applying lesson study with structured problem solving approach in 

classrooms. All participants emphasized that the application of such an approach needs 

more time for students to adopt this approach and to improve their ability to solve 

problems. This clearly explains the differences between group 1 who experienced 

problem solving for 2 years with better performance compared with group 2 who 

experienced problem solving for 1 year. The fact that enhancing students’ problem-

solving ability is usually a time - consuming process that needs consistently integrating 

problem solving in every day lessons was highlighted in Lester and Cais’ (2016) study. 

Another challenge emerged from the teachers’ point of view was students’ prior 

knowledge. In addition, Researches indicate that it takes several months for students to 

adapt to a new educational style (e.g., Boaler, 2002), which explains the progress of the 

students in the first group over the students in the second group. Thus, it is suggested 
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that continuing to apply Lesson Study approach over time for students will allow them 

to fully adjust to this approach, and will lead to greater progress in terms of students’ 

ability to solve problem.  

Conclusion 

Based on the study results, both the quantitative and qualitative data revealed 

benefits of applying Lesson Study approach with (PBL) at two primary schools in 

Qatar. The Analyses of Variance (ANOVA) test revealed that there were a statistically 

significant differences between the three groups detected on problem-solving ability. 

The ANOVA test also showed that the number of years where students engaged in 

lesson study approach affects their ability to solve problems. This study revealed that 

students who studied using lesson study approach for 2 years have greater ability than 

students who studied using lesson study approach for 1 year, and both groups have 

higher ability than students who studied using traditional instructions. These results 

show that there is a positive statistically significant impact of Lesson Study approach 

with (PBL) used as a teaching tool on students’ mathematical problem solving ability. 

In addition, data also assured that the implementation of lesson study approach with 

(PBL) is perceived to positively affect student’s problem solving ability as teachers 

foster and develop students’ skills, including improving perseverance, influence 

students’ thinking, reasoning, and using multiple representations.  

To conclude, it is evident that the lesson study approach with (PBL) is an 

effective method to be applied at the primary stage to improve students’ ability to solve 

mathematical problems despite the challenges of implementation stated by the, teachers 

such as timing and consuming, and students’ prior knowledge. 

 Based on these results, the researcher recommends implementing Lesson Study 

approach with (PBL) in primary school mathematics classrooms. In addition, applying 

Lesson Study Approach with (PBL) for a long time is recommended where the results 
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of the study showed that time plays a significant positive role in enhancing students’ 

problem solving ability. 

Limitations of the study 

There are two major limitations in this study that could be addressed in future 

research. Due to the narrow implementation of the lesson study in the schools in Qatar, 

sampling strategy and size was limited to the cohort of the schools in which Lesson 

Study project was applied. Therefore, the results in this study may not be subject to 

generalization to all schools. It is possible that expanding the size of the participants 

will lead to different results.  

Further limitation was related to the gender of the participants.  The study 

focused on exploring the impact of the lesson approach with PBL on female students’ 

mathematical problem solving ability. Qatar adopted a segregation system in its school 

in compliance with cultural perspectives and Islamic rules; male and female are 

completely separated in schools. As the researcher is a female, approaching male 

schools is not feasible. Including both male and female in the research may open 

opportunities to compare the results based on gender.  

Considerations for Future Research 

Research considerations may include an experimental study concentrating on 

the impact of implementing lesson study on student’s problem solving ability. In 

addition, it is recommended to include classroom observations as a data resource to 

develop better understanding of what typically occurs during mathematics instruction. 

Moreover, this study did not consider the gender as a factor. Further research may lead 

to better understanding potential differences in terms of gender. 
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