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     “The study of Mathematical Problem Solving for Grade 6 Students Used Lesson Study and Open Approach”
ABSTRACT
Assessment and evaluation in education has been developed so that the results can be useful for development of learners and for teaching and learning management. This study aims to 1) study mathematical problem-solving efficiency in numbers and operations of students, and 2) evaluate mathematical problem-solving efficiency of sixth grade student learning with lesson study and an open approach. This study was conducted at Nonjantukhuaykawittaya School in Khon Kaen. Purposive sampling was applied to identify the sample group of this study, which included students in Grade 6 who were taught with lesson study and an open approach. The sample group consisted of six male and eight female students (n=14). Mixed-method was applied and the data was collected from observations including an individual observation log, a group work observation log, classroom observation, and a mathematics efficiency test with open-ended questions. Qualitative analysis was then conducted on the data obtained from the observations and the test.


The results revealed that 1) students can understand and analyze the problem and apply mathematical procedures as grounds to solving a complicated problem which required more than one process. This can indicate that learners can solve a mathematical problem at a basic level applying appropriate reasoning and methods. Additionally 2) the results from the evaluation of mathematical problem-solving efficiency development of the students ranked the mathematics strategies applied by the students as follows: non-response, unrecalled memory, basic memory and reproduction, simple skills and concept, and strategic/extended thinking. The levels of efficiency according to the Progress Map in problem-solving showed that six students (42.85%) were in Level 0, three students (21.42%) in Level 1, and five students (35.71%) in Level 2.  
Keywords: Problem Solving, Mathematical Procedure, Mathematical Strategies

1. INTRODUCTION 
Advanced technology has brought changes to humans’ lifestyles. To be able to survive, not only do we have to dominate natural challenges but we also must develop skills and abilities to compete and survive the changing conditions of the world. Hence, developing skills of a learner is crucial. Education is the first step that can pave the way for Thai students to enter the 21st century confidently, so developing “21st Century skills” in learners, especially problem-solving skills which are considered basic skills for development of other facets, is significantly important. Educational policies and guidelines have been changed in many educational institutes (Metta Mawiang et al., 2017) to respond to the needs of society, and the focus is now on problem-solving skill development.    

Incorporation of problem-solving culture to class management is to teach students how to solve a problem through doing activities that provide an opportunity for students to learn in a process, to be able to solve a problem, and to promote autonomous learning. In this kind of activity, students can learn content and develop learning skills from engaging in a task. Chanapha Chaiprong (2011) organized classroom activities for her Grade 10 students in a mathematics class, fostering various problem-solving strategies that are useful for learning mathematics. It was found that problem-solving strategies are an important tool because effective ways in solving a problem require instantaneous application of an appropriate problem-solving strategy. Also, the results from the evaluation can be applied to improve a lesson plan in order to enhance learning development of learners (Metta Mawiang et al., 2017). Hence, it is very important that these skills are cultured in a class. The Programme for International Student Assessment (PISA), which is a worldwide study, evaluated educational systems to gauge how well the students are prepared for real-life situations in the adult world, and the results showed that there is an urgent need for developing Thai students in this area. The low-level of evaluation of the Thai educational system resulted in the adjustment on educational policies. Therefore, the Project of Development of Student's Mathematics Higher-Order Thinking in Northeast Thailand was launched with the aim to develop human resources, to enhance national competitiveness and to respond to global and market needs. In this project, lesson study and an open approach are the two main educational innovations required for a reform of mathematics education in Thailand. These educational innovations are being used in 68 schools across the Northeastern region. In this study, the effectiveness of this educational method was investigated among the students studying in this program, hoping that the results could be useful for the development of students.


2. OBJECTIVES 

This study investigated mathematical problem-solving efficiency of students learning with lesson study teaching in an open approach method at Nonjantukhuaykawittaya School in Khon Kaen. The two objectives of this study were:

 
1. To study mathematical problem-solving efficiency in numbers and operations of students learning with lesson study and an open approach. 


2. To evaluate mathematical problem-solving efficiency in numbers and operations of students learning with lesson study and an open approach.  

3. SCOPE OF THE STUDY 


The target population of this study was sixth-grade students learning with lesson study and an open approach in the Project of Development of Student's Mathematics Higher-Order Thinking in Northeast Thailand at Nonjantukhuaykawittaya School in Khon Kaen. Fourteen students consisting of six males and eight females were selected by purposive sampling.

Variables in this study were mathematical problem-solving efficiency of students, which consisted of two facets: 1) mathematical procedures and 2) mathematical strategies.

The phases of study were divided into two parts: 
Phase 1 covered four weeks of the subject content for a mathematics class taught in Grade 6 at Nonjantukhuaykawittaya School, which included numbers and operations such as greatest common divisor (G.C.D.) and lowest common multiple (L.C.M).

Phase 2 included the mathematics efficiency test in open-ended questions for numbers and operations. The test consisted of six sections with a total of nine questions.

4. CONCEPTUAL FRAMEWORK 


Lesson study and an open approach aim at transforming mathematics classes from a passive classroom to a classroom that engages students in various kinds of thinking procedures and rationales. Therefore, the researcher conducted this study to investigate and evaluate mathematical problem-solving efficiency of students learning with these innovations, and to learn the effectiveness of this teaching and learning method (Maitree Inprasit, 2014; Metta Marwiang et al., 2017; Patcharee Chanpeng et al. 2015). The study investigated two key areas: mathematical procedures and mathematical strategies.  
                 Primary Area


 


       Secondary Area 
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Figure 1: Conceptual Framework


5. THE STUDY
5.1 Research Methodology 

This study applied mixed methods and the process was divided into two phrases based on the operation and significance of the study (Creswell & Plano, 2007). Exploratory sequential design was adopted by using qualitative and quantitative methods. The qualitative data was collected during the first phrase of the study, and rich data from the first phrase was analyzed using a quantitative method.  

5.2 Research Instruments

Observation forms were designed to collect the data during classroom activities. The areas being observed were three key domains including 1) Cognitive Domain for the observation of students’ behaviors and verbal and written interactions, 2) Affective Domain and morals shown in students’ verbal and non-verbal expressions, and 3) Psychomotor Domain that was observed when students were doing an activity or group work. Task completion was also part of the evaluation. Moreover, the data was recorded in an individual observation form, a group work observation form, a classroom observation form, and items that were nested in 6 open-ended questions.         

5.3 Data Collection

Data was collected at Nonjantukhuaykawittaya School in Khon Kaen. The class was observed and video-taped by the researcher and the assistant for four weeks in a sixth-grade mathematics class. 

5.4 Data Analysis

The quantitative and qualitative data from Phase 1 were analyzed based on Construct Modelling (Wilson, 2005) to be used as a guideline for development of evaluation framework, as shown below. Standards and indicators for numbers and operations for the mathematics class of Grade 6 were reviewed for a Progress Map and research instruments. The instruments were tested before data collection. Finally, the data was analyzed.
Information on standards and indicators of numbers and operations of Grade 6 were reviewed prior to the development of research instruments. The instruments were tested before the data collection procedure. Then, the collected data was analyzed using a Progress Map for Mathematical Procedure and Mathematical Problem-Solving Strategies developed by Patcharee Chanpeng and Mark Wilson (2015) as shown in Table 1 and Table 2.

Table 1: Progress Map for Mathematical Problem-Solving in Mathematical Procedure 

	Level
	Level of Efficiency
	Name

	4
	Excellent
	Strategic/Extended Thinking

	3
	Good
	Simple Skills and Concepts

	2
	Average
	Basic Memory and Reproduction

	1
	To be improved
	Unrecalled Memory

	0
	Low
	Non-Response


Table 2: Progress Map for Mathematical Problem-Solving in Mathematical Strategies

	Level
	Level of Efficiency
	Name

	4
	Excellent
	Abstract (The ability to move from concrete to abstract representations)

	3
	Good
	Visual (A variety of strategies for representing an algorithm)

	2
	Average
	Concrete (Procedure with the minor part of a mathematical basis)

	1
	Fair 
	Novice (Unable to use strategies with mathematical basis)

	0
	Low
	Non-Response (Does not answer)


The data gained in the second phase of the study was analyzed by ConQuest 2.0 for statistical analysis and found that the estimate value was 0.52, discrimination value ([image: image2.png]


) was 0.38, and internal validity was 0.82 (Cronbach’s Alpha Coefficient; α). These statistical results were used to analyze level of efficiency according to the Progress Map to provide further explanation and suggestion for the improvement of each student. 

6. CONCLUSION
The results of the study and a discussion are divided into two parts according to the objectives of the study, as follows.

Part 1. Analysis of mathematical problem-solving efficiency of students from classroom observations at Nonjantukhuaykawittaya School in Khon Kaen, where lesson study and an open approach were incorporated. 
Part 2. Evaluation of mathematical problem-solving efficiency of students learning with lesson study and an open approach at Nonjantukhuaykawittaya School in Khon Kaen, from an efficiency test on numbers and operations.  

The results are presented below.

Objective 1: Mathematical problem-solving efficiency in numbers and operations of students learning with lesson study and an open approach. The results are shown in Table 3. 

Situation: From last time weighing the papers, 10 sheets of paper weigh 50g, but when weighing 10 sheets of a new type of paper, the result was 70g.

Table 3: Problem-Solving Efficiency in Mathematical Procedures
	Instructions
	Student Procedures 

	1. When the number of sheets increases 2 times, 3 times, 4 times and so on, how will the weight change? 
	When the number of sheets increases 2 times, 3 times, 4 times and so on, the weight would also increase 2 times, 3 times, 4 times, accordingly.

	
	When the number of sheets increases 2 times, 3 times, 4 times and so on, the weight would also increase 2 times, 3 times, 4 times accordingly. The more the number of sheets, the more weight there is. 

	
	Students multiplied 2, 3, 4 and so on in the table showing relationship of the number of paper and the weight.
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	2. How many grams will 90 sheets of paper weight? 

	Students kept the list in the table going; the number of sheets was listed up to 90 and the weight added 70 each time. 

	
	The information of the table showing the relationship of the number of paper and the weight was used. When finding the weight of 90 sheets, the students looked for the information of 40 sheets and 50 sheets (40+50=90).
So, the weight of 90 sheets equals the weight of 40 sheets (280g) plus 50 sheets (350g). 
The answer is 280 + 350 = 630g.

	
	Multiple increases in the number of sheets and weight was applied; 10 sheets of paper weighs 70g, so the weight of 90 sheets of paper was 9 times more than the weight of 10 sheets. Hence, the equation is 70 x 9 = 630g.   



	3. How many sheets of paper ware there if the weight is 700g? 


	The table showing the relationship of the number of paper and the weight was used. The total weight of 700g is a result of adding 350g to 350g (350 + 350 = 700g or 350 x 2 = 700g).

So, the total sheets of the 700g  weight equals the weight of paper with 350g (50 sheets). The equation is 50+50 = 100 or 50x2 = 100. The answer is 100 sheets.      

	
	Multiple increase in the number of sheets and weight was applied; 19 sheets weighs 70g, so 700g of paper is 10 times of the weight of 70g. Hence, the number of sheets must be 10 times more as well. The equation is 10 x 10 = 100 sheets.  


   
The results revealed that the mathematical problem-solving efficiency of the students was at a basic level, which means that they had simple skills and concepts of mathematics to solve the problem and could apply mathematical procedures to solve a complex problem and generate a reasonable answer and method.


Objective 2: Evaluation of mathematical problem-solving efficiency of students learning with lesson study and an open approach. The results are presented in Table 4.

Question 1: Students in class 6/4 at Sukjai School are trying to group class members for an exercise. The number of group members in each group increases as shown in the photo.
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Group 1

                  Group 2

            Group 3


      Group 4

From the situation provided, if there are 7 groups, how many members are in Group 7?
Table 4: Mathematical Procedures

	Level
	Score
	Name
	Description of Respondent
	Example

	4

AB
	4
	Abstract
	Students create an understanding of the question using various mathematical strategies and could applied appropriate strategies to solve a complex problem i.e. creating a diagram, making a prediction and testing hypothesis, making a chart or table, reversing the thinking step, giving a reason with logic, and looking for or creating a pattern of a model. Lastly, students can transform concrete images into abstract ideas.    
	e.g. Question 1 
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Students understood the question and tried to solve the problem in various ways such as creating a table, making a diagram, and drawing. They also provided explanation using mathematic symbols, and could conclude the pattern of the given situation; with more group members in each group, the equation was  
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 5+(n-1)4.

	3

NO
	
3
	Visual
	Students can apply various mathematic problem-solving strategies, solve a problem in a systematic way, and can explain concepts using specific mathematic symbols in their explanations, i.e. drawing, making a prediction and testing a hypothesis. Also, students can exclude unrelated or incorrect parts which helps them understand the situation more clearly.   
	e.g. Question 1 
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Students created a diagram showing the relationship, and drew images for Groups 5, 6, and 7. They were able to make a conclusion and provided a systematic explanation of the relationship using various calculation methods.   

	2

CO
	2
	Concrete
	Students can apply basic mathematical problem-solving strategies in solving some parts of the problem. They can explain their ideas and method, and also use simple mathematic equations to solve a few steps of the problem that they are familiar with.
	e.g. Question 1 
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Students understood that the number of the members increases by 4 in each group. They could calculate in a simple process by adding 4 to each group step by step; Group 1 was 5, Group 2 was 5+4=9, Group 3 was 9+4=13 and so on until they got the correct answers for all the groups.

	1

VI
	1


	Novice
	Students cannot apply a basic strategy for mathematical problem-solving. Explanation is given in a word or a sentence level to explain ideas, yet it is unrelated to the answer. 


	e.g. Question 1 
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Students understood that the number of students in Group 2 is higher than Group 1. They provided some explanation to the increasing number but could not find the correct answer to the question.

	0

NR
	0
	Non-Response
	No response from students. Students do not try to answer or give an unrelated answer. 
	Students do not respond to the question or give an unrelated answer.



According to the results of the study, the levels of efficiency according to the Progress Map in problem-solving were as follows: six students (42.85%) in Level 0, three students (21.42%) in Level 1, and five students (35.71%) in Level 2.  

7. SUGGESTIONS FOR FURTHER RESEARCH

In this paper, the researcher would like to offer some suggestions, listed below:
1. More studies should be done in a classroom where lesson study and open study are not incorporated so that the two types of teaching and learning methods can be compared and contrasted in order to gain more information on positive and negative effects of these innovations.
2. The data being used for classroom research must be credible; that is, the study period should be at least more than one session so that more elements of an actual mathematical problem-solving efficiency of a student can be drawn and collected. This process can increase validity of the study.
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6. ประโยชน์ที่จะนำมาใช้ในคณะศึกษาศาสตร์   


จากการไปนำเสนอผลงานในครั้งนี้ นับว่าได้ประโยชน์เป็นอย่างยิ่ง  ดังต่อไนปี้

ประโยชน์ต่อตนเอง

1. ได้พัฒนาความรู้ เพื่อความก้าวหน้าในวิชาชีพ
2. ได้เปิดโลกทัศน์ ทำให้ทราบความเคลื่อนไหวทางวิชาการและแนวโน้มนวัตกรรม (Trends) 
ทางด้านการวัดและประเมินผลการศึกษา การพัฒนาวิชาชีพครู การจัดกิจกรรมการเรียนการสอน รวมถึงได้ศึกษาวัฒนธรรมและแหล่งเรียนรู้ในปราก
3. ได้ศึกษาเรียนรู้การเขียนผลงานทางวิชาการ และวิธีการนำเสนอผลงานทางวิชาการเป็น
ภาษาอังกฤษ เตรียมเอกสาร power point เอกสารในการนำเสนอผลงาน
ประโยชน์ต่อหน่วยงานและวิชาชีพ
4. ได้ศึกษาเรียนรู้การทำงานร่วมกับคณาจารย์ต่างคณะ ต่างมหาวิทยาลัยหลายสาขาและ
นักศึกษาต่างสาขาทำให้เกิดความร่วมมือร่วมใจก่อให้เกิดมิตรภาพที่ดีต่อกัน
5. เป็นเวทีที่นำเสนอผลงานวิจัยจากวิทยานิพนธ์ ดุษฏีนิพนธ์ของนักศึกษาระดับบัณฑิตศึกษา
และงานวิจัยของอาจารย์สู่สาธารณะระดับนานาชาติ และได้รวบรวมผลงานวิจัย เป็นรายงาน
การประชุมวิชาการ (Proceeding)
6. เป็นการแลกเปลี่ยนเรียนรู้และเผยแผ่ผลงานวิจัย ความคิดเห็นประสบการณ์จากผู้เข้าร่วม
งานในสาขาต่างๆ ทำให้รู้จักนักศึกษา นักวิชาการทั้งระดับโรงเรียน หน่วยงานต่างๆ และ
มหาวิทยาลัย ซึ่งสามารถนำไปประยุกต์ใช้ในการจัดการศึกษาเพื่อให้เกิดประโยชน์สูงสุด
ส่งเสริมเครือข่ายด้านวิชาการ การวิจัย ระหว่างมหาวิทยาลัย รวมทั้งสร้างความสัมพันธ์ 
ความสามัคคี ความช่วยเหลือ การมีมิตรภาพในหมู่คณะและสร้างความภูมิใจในวิชาชีพครู 
7. สามารถนำความรู้ และประสบการณ์ที่ได้เห็นงานวิจัยในระดับนานาชาติมาประยุกต์ใช้ใน
งานวิจัยของตนเอง เพื่อเป็นประโยชน์ต่อนักเรียน ต่อตนเอง ได้เรียนรู้แลกเปลี่ยนความ
คิดเห็น เกิดมิตรภาพที่ดี มีความร่วมมือร่วมใจ  ซึ่งจะส่งผลดีต่อโรงเรียนสาธิต
มหาวิทยาลัยขอนแก่น ฝ่ายมัธยมศึกษา (ศึกษาศาสตร์) และมหาวิทยาลัยขอนแก่นด้วย
เช่นกัน

เครือข่ายนักวิจัยหรือนักวิชาการนานาชาติ
1.  Dr. A.J. Stagliano


E-mail : astaglia@sju.edu

2.  Miss Prisakorn Charvong


E-mail : pchrvong@ratcliffecollege.com

3.  Guomundur Falk


E-mail : photo65@vortex.is

7. ปัญหา และข้อเสนอแนะ

ถ้าขอทุนไปนำเสนอ มีขั้นตอนที่ยุ่งยากทั้งก่อนไปและหลังจากการนำเสนอ สำหรับผู้ที่ไม่เคยได้รับทุนเนื่องจากมีความเข้าใจไม่ครบถ้วน เช่นวันขอรับทุนต้องส่งเรื่องก่อนช่วงไปนำเสนอ ถ้าส่งในระยะกำหนดจะดำเนินการเรื่องการเดินทางไม่ทันกำหนด แต่อย่างไรก็ตามในโอกาสนี้ ข้าพเจ้า ขอขอบคุณมหาวิทยาลัยขอนแก่นที่ให้ทุนสนับสนุนการเดินทางไปนำเสนอผลงานในครั้งนี้ด้วย

เมตตา มาเวียง
                                                                                 ผู้ช่วยศาสตราจารย์





    โรงเรียนสาธิตมหาวิทยาลัยขอนแก่น ฝ่ายมัธยมศึกษา     
                                                                                   (ศึกษาศาสตร์)

Mathematical Procedures








Mathematical Problem


Solving Use Lesson Study and Open Approach


(Maitree Inprasit, 2014; Metta Marwiang et al., 2017; Patcharee Chanpeng et al. 2015)








Mathematical Strategies
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