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Abstract

The purpose of this study is to examine students' metacognitive processes in mathematical problem solving in CSCL. It is aimed to characterise what kind of metacognitive processes do appear in computer supported collaborative learning environment while students construct solutions together, state arguments for mathematical problems as well as negotiate and explain mathematical concepts. The subjects of the study were 13-year-old Finnish secondary school students (N=16). The students worked with Knowledge Forum learning environment in Geometry and Probability projects. The data consist of students' computer notes and portfolio materials, which were analysed in following the three stages, such as the general content analysis, the detailed content analysis of collaborative problem solving process, and the detailed analysis of metacognitive processes in socially shared discussions. The results of the study manifest metacognitive processes in students’ networked socially shared discussions. The students were able to explore the logical paths of the written ideas and provided solution efforts to each other.
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Introduction

The present study focuses on the role of metacognition in socially shared discussions in the collaborative problem solving process in Mathematics. A special aim applying CSCL to mathematics learning is to encourage students to make their thinking visible, to state arguments for mathematical problems as well as negotiate and explain mathematical concepts. This process is seen significant for learning metacognitive skills and it is supported with networked learning environment. The benefits of networked technology for learning and metacognition come from the advantage of effective investigation tools, knowledge resources and record-keeping tools available that enables the students to review their though processes (Edelson, Gordin & Pea, 1999).  The research of metacognition in Mathematics has given light on individual student’s performance in problem solving and his or her metacognitive beliefs. (Brown, 1987; Schoenfeld, 1987.) Utilizing the networked technology, however, presumes us to consider metacognition as a component of joint and socially shared problem solving. 

What is metacognition?

Flavell (1979) first presented the concept of metacognition. It could be interpreted as cognition about cognition, which means knowledge of thinking and regulation of learning processes. (Weinert, 1987; Biehler & Snowman, 1997.) Flavell (1979) defined the concept for metacognitive knowledge and metacognitive experience. Metacognitive knowledge includes knowledge of cognitive structure and beliefs about learning and cognition. Metacognitive experiences influence on cognitive processes being conscious affective or cognitive events that lead one's own thinking or ongoing cognitive processes in situations which demand highly conscious thinking. (Flavell, 1979.) 

Metacognition in mathematical problem solving

An important question for mathematics learning and teaching is how to enhance metacognitive processes in mathematical thinking and problem solving. In mathematical thinking it is essential to understand the hierarchy of the concepts in the domain. Besides the algorithms and heuristics the students have to learn to apply their existing knowledge in new problem solving situations and control their ongoing problem solving process. (Schoenfeld, 1992, 1994.) The more accurately the students can describe their own thinking the more effective way they are able to control their decisions and actions during the process, and the stronger belief they have of their own abilities the better possibility they have to become expert problem solvers. (Schoenfeld, 1987; Bereiter & Scardamalia, 1993.) 

Mathematical problem solving process begins with understanding the problem and requires all the time conscious concentration and orientation to achieve the desired solution. A student interprets the problem and compares the situation to his or her earlier experiences of the same kind of problems and existing resources. She or he has to determine what is known what is unknown in order to reflect what is really asked. The metacognitive knowledge helps the student to represent the mental model of a problem and the relations of the concepts. Metacognitive knowledge also guides this goal-oriented thinking and procedure towards the solution. (Schoenfeld, 1987; Polya, 1973; Davidson & Sternberg, 1998.)  

After forming a mental model of a problem she or he has to decide what heuristics or algorithms to use in the particular context. This is where the metacognitive knowledge plays a big role; it affects to the conscious choices made. These made choices contribute to sub-solutions during the problem solving process.  (Davidson & Sternberg, 1998; Schoenfeld, 1987.) The student implements the ideas to allocate the resources, in other words, decides what to do and for how long. Also the student’s attitude and beliefs of his or her own abilities effect on use of heuristics and finishing the problem solving processes (Flavell, 1979; Schoenfeld, 1985, 1987; Brown, 1987.) She or he compares the domain specific information requested to her or his own procedural knowledge and makes a solution effort. To make sure that reached solution is correct the student has to use his or her metacognitive knowledge in order to verify the results. Through control and declarative knowledge of the problem solving processes he learner becomes aware how the given information forms the solution process. (Schoenfeld, 1987, 1992; Polya, 1973; Flavell, 1979.) 

Schoenfeld (1987) presents an example of how an expert mathematician solves a geometry problem. While constructing a solution to the problem he considered quite a few approaches. He spent majority of his time thinking, in other words, analyzing and exploring. While being near the solution he monitored his thinking process. The mathematician analysed briefly many approaches that didn't work and utilizing efficient self-monitoring and self-regulation he achieved the solution. (Schoenfeld, 1987.) 

Experts observe and question their own knowledge which is the main difference to novice problem solvers. The novices, the students, should learn to analyze and explore their existing procedural and declarative knowledge in a new problem solving situation. Utilizing networked technology can produce progressive learning situations for the students. In the inquiry-based computer supported collaboration in Mathematics the students write their existing knowledge down to the database and call into question the alternative solutions constructed by their peers by giving them an opportunity to explain the strategies and heuristics used.

Metacognition in computer supported collaborative problem solving

The research of metacognition provides information about the role of metacognition in individual's problem solving process. (E.g. Schoenfeld, 1987; Brown, 1987.) Instead, there is not much research on student metacognition as a socially shared and constructed activity in a domain like mathematics. Networked technology provides potential support for learning as an open-ended inquiry process. It gives an opportunity to develop metacognitive skills needed in managing mathematical problems such as understanding the nature of the problem and defining the needed knowledge, planning what strategies and heuristics to use, monitoring the use of the heuristics and reached (sub-)solutions and making decisions what to do and how long allocating resources. (Schoenfeld, 1985.) These technologies can provide students with effective investigation tools, knowledge resources and record-keeping tools. (Edelson, Gordin & Pea, 1999.)

In socially shared networked discussions in CSCL the students can jointly construct a solution of a problem and save it to the database and further explain and negotiate about it. The students engage themselves to the knowledge building process and by sharing their thoughts they become aware of the processes and knowledge they need to solve the problems. (DeCorte, 2000.) The discussion and negotiation help the students to make their thinking visible. According to the studies of thinking aloud (see Chi & Bassok, 1989; Chi, DeLeeuw, Chiu & LaVancher, 1994) the students become aware of the existing knowledge and how to utilize it in new problem solving situations. This is of special value for problem solving, since analyzing and exploring the logical paths during the problem solving process is essential for the expert problem solver. (Schoenfeld, 1987; Bereiter & Scardamalia, 1993.) 

The earlier studies of students' learning in CSCL have revealed that students' are able to get more advanced skills of knowledge acquisition and knowledge production in CSILE projects (Hakkarainen, Lipponen & Järvelä, 2000; Järvelä, Hakkarainen, Lehtinen & Lipponen 2000). It has been concluded that it is entirely possible for students, with computer support for collaborative learning and appropriate teacher guidance, to pursue processes of inquiry that exhibit the features of mature scientific inquiry. These studies, however, have been conducted in the other domains than mathematics providing still enough evidence to set a hypothesis that a computer supported collaborative learning environment can be utilized in learning and teaching thinking and problem solving skills in mathematics also. 

 Aims of the study

The purpose of this study is to examine students' metacognitive processes in mathematical problem solving in CSCL. The main focus of the study is to characterize what kind of metacognitive processes do appear in computer supported collaborative learning environment while the students construct solutions together, argument mathematical problems as well as negotiate and explain mathematical concepts.

Methods

Subjects and procedure

This presentation is about the study that was implemented with 13-year-old Finnish secondary school students (N=16) who generally perform better in Mathematics in comparison to their peers in average in Finland. The average grade of mathematics was 9 (in scale 4-10) in the student group. They used Knowledge Forum learning environment in geometry and probability courses. The Geometry project lasted two months and included 16 lessons of which during 9 lessons the students worked with KF. One lesson lasted for 75 minutes. The Probability project included also 16 lessons and 5 of them working with KF. The data of students' computer notes and portfolio materials was collected in order to analyse the metacognitive processes of collaborative mathematical problem solving process and socially shared discussion.

Description of the Geometry and Probability Projects 

Several working methods were used for utilizing networked environment in mathematical problem solving. In geometry the students made a project work of a given polygon to the KF’s database and they were asked to discuss with the other students about the results. The students were especially encouraged to discuss for alternative ways to solve a problem and ask help for their project works. In the Probability course the students were working in pairs and they were asked to investigate the probability of the given tasks: marbles, tossing a number cube and lottery. The summary of the contents in projects is presented in Table 1.

Geometry project included altogether 16 lessons of which in 9 the students worked with KF and 7 lessons were traditional instruction. In the first three lessons the student pairs wrote notes of their project work about quadrilaterals and triangles to the KF’s database and discussed and commented the other students’ notes. The following part of the lessons dealt with geometrical construction. The students solved given geometrical construction problems with paper and pencil. KF was used to elaborate their problems: provide explanations and decision-making guidelines, asking for help and searching for alternative ways to solve the given problems. In the last 2 lessons in geometry the students invented their own mathematical word problems and wrote them down as notes to the KF’s database. 

In the Probability project the students worked in pairs in one of the following expert groups: “marbles”, “lottery” and “toss a number cube”. In the project work the students made an investigation plan and wrote it down to the KF database. The idea of this “expert-like” method was to give the students opportunities to focus on one content and, thus, be more specific in their networked argumentations and discussions.

	PROJECT
	LESSONS
	SUBSTANCE

	Geometry 1
	n=3
	Quadrilaterals and triangles. Save your project work as note to the database and discuss about the others’ notes. 

	Geometry 2
	n=4
	Geometrical construction. Find a solution with paper and pencil. Write the solution path down to the database.

	Geometry 3 
	n=2
	Students’ own mathematical problems.

	Probability 
	n=5
	Probability investigation: marbles, number cube and lottery.


Table 1. The content of the project lessons.
Data collection and analysis

The data was collected from students’ computer notes and portfolio materials in order to analyze the metacognitive processes of the students’ mathematical problem solving. The summary of the data collection and analysis is presented in Table 2. The data of the KF notes was analyzed following the three stages:

1) General content analysis of students’ KF notes in Geometry and Probability

2) Detailed content analysis of collaborative mathematical problem solving process

3) Detailed content analysis of metacognitive processes in socially shared discussion

In the first stage of the analysis the students’ notes in the database were classified for four categories: knowledge, question, significant note and insignificant note. The category of knowledge included notes like, “The marks of the angles [in the case of all the quadrilaterals and triangles] are always inside the figure”. The questions were, for example, “Is the sum of the angles 180 degrees? [in the case of triangle]” or “ How do you get a straight angle?”. The category of significant notes included notes like, “It stood there in the Maths book but I’m not sure if it is right. There is two alternative ways to count [the area of the triangle], isn’t there.” The insignificant notes were, for example, “Your note is the best one in this database”. 
The detailed content analysis of collaborative mathematical problem solving process is based on Schoenfeld’s (1985) studies on mathematical problem solving. The notes were classified for joint resources, strategies and heuristics, peer-regulation and beliefs in order to characterize collaborative features in network-based problem solving process in mathematics. The joint resources were composed of the notes that brought mathematical knowledge to the discussion, for example, “The marks of the angles [in the case of all the quadrilaterals and triangles] are always inside the figure.” or “Yes, the area of the triangle is the base multiplied by the height and then divided with 2.” The strategies and heuristics were, for example, “A little bit more about the total number of tossing a number cube. It doesn’t matter if you throw one number cube twice or use two different number cubes”. The peer-regulation included notes like, “A little correction [to the other student’s solution]. These particular straight lines, the perpendicular bisectors to each side of the triangle do not necessarily intersect inside the triangle. It is possible that they intersect outside the triangle”. The notes of beliefs were for, example, “All the fun stuffs are FORTUNATELY in the picture, really cool and those leaves [in the picture] cheer me up”.   
The detailed content analysis of metacognitive processes is based on Brown’s (1987) and Schoenfeld’s (1987) studies of metacognition. The categories were preparing, participating and responding in order to describe what kind of metacognitive processes exists in socially shared discussion. The preparing was about reading and understanding the problem or analyzing the needed knowledge (both procedural knowledge and concepts). The category of participating included the notes that provided a solution effort or knowledge and the notes that explored the used procedural knowledge and the logical path of given thoughts, explanations and solutions. Responding is about implementing the ideas that are found in the discussions and verifying the results.

	
	Data collection
	Data analysis

	The project
	Students’ notes in database
	Portfolio materials
	The content analysis
	Analysis of problem solving
	Analysis of metacognitive processes

	Geometry 1
	X
	-
	X
	X
	X

	Geometry 2 
	X
	X
	X
	X
	X

	Geometry 3 
	X
	-
	-
	-
	-

	Probability
	X
	-
	X
	X
	X


Table 2. The data collection and the data analysis of the study.

Results

In the first geometry project there were altogether 95 notes. Eight of them included the student pairs’ project works about triangles and polygons. In the beginning of the data analysis the students' notes were coded by a researcher (see example 1). The content analysis bases on the general interpretation and the notes were classified to the four categories: knowledge, question, significant note and insignificant note. The results of the content analysis revealed that it is very challenging for the students to ask questions in mathematics in the KF database. The discussion included also the insignificant notes that were not important from the mathematical point of view but still essential for the social knowledge construction (or presence) in networked learning environment.

EXAMPLE 1.  Students’ notes about equilateral triangle.

Discussion in KF database:

 Students Tina and Helen: "Equilateral triangle is a triangle with three congruent sides. So is the sum of the angles 180 degrees?"

Students Peter and Jake: "There is nothing in here…Where are the examples and the other staffs?"

Students Tina and Helen:" You misunderstood. There is the other note lower down there [in the database]. This is not the real thing. This was just a question that we were looking for the answer.

The researcher's interpretation:  

"Tina and Helen needed to find out whether the sum of the angles in (the case of) triangle is 180 degrees. They have been reading the teacher's instruction in the KF’s database and they are analyzing the problem in order to find out what kind of knowledge they need. They obviously have a clue but they are uncertain of their idea. The girls are encouraged to bring their thinking visible and ask help from the other students. Peter and Jake are reading the girls' note and they are willing to comment on the finished project work. The boys think that the girls have forgotten the examples and by saying, "Where are the examples…" they give feedback on the girls activity and operations indirectly. The girls respond by explaining the model of their operations in their next note. In the data analysis this note was analysed as a significant note. In this note they explain to the boys the procedure of their operations and, thus, provided a model for boys.

The detailed content analysis of collaborative problem solving process in Geometry 1 follows the results of the content analysis. The students shared they knowledge and made their thinking visible, for example, they produced lots of notes of knowledge that was needed in the beginning the problem solving process (e.g. Tina’s and Helen’s first comment in the students’ notes about equilateral triangle).  Also, the students asked for each other to clarify their actions (e.g. the researcher’s interpretation of Peter’s and Jake’s comment in example 1.) and though processes.  The results of the detailed analysis of the metacognitive processes were encouraging in terms of the role of metacognition in mathematics learning. The metacognitive actions in students’ networked discussion focused on the needed knowledge, for example, the Tina’s and Helen’s first comment in Example 1. The majority of the metacognitive processes were in a category of participating, for example, Peter’s and Jake’s operations in Example 1. Instead, only few notes were in a category of responding. These notes manifested implementing the ideas and verifying the results of the discussion. 

In the Geometry 2 project the students produced very different notes from the first geometry project. The students had to solve as many as possible of the given 15 problems in geometrical construction (See results in Table 3).  Some of the students produced notes on how to solve the problem that effected on the amount of the strategies and heuristics applied in resulting discussions. In the Geometry 2 the students were more engaged in their working what is seen in their metacognitive efforts in participation and responding. 

In the Probability project the students were encouraged to discuss in their expert groups how to count the probability and make a solution plan on bases of these discussions. It is obvious that only in one expert group the participants were able to create a discussion. The other groups made they project plans and they gave their arguments for the final solution.

	
	The content analysis
	The detailed content analysis of collaborative problem solving processes
	The detailed content analysis of metacognitive processes 

	Notes 

	Question
 %
	Knowledge
%
	Signifi

Note
%
	Insign.
Note

%
	Joint 
resour.

%
	Strat.
Heur.

%
	Peer-
regulat.   %
	Beliefs

 %
	Preparation
%
	Participation
%
	Responding

%

	Geom.1
(n= 85)
	14,1
(n=12)
	25,9
(n=22)
	25,9
(n=22)
	34,1

(n=27)
	21,2
(n=18)
	16,5
(n=14)
	24,7
(n=21)
	2,6
(n= 2)
	17,6
(n=15)
	42,4
(n=36)
	7,1
(n=6)

	Geom.2
( n=39)
	7,7
(n=3)
	71,8
(n=28)
	2,1
(n=8)
	0
(n=0)
	25,6
(n=10)
	66,7
(n=26)
	0
(n=0)
	5,1
(n=2)
	12,8
(n=5)
	64,1
(n=25)
	23,1
(n=9)

	Prob.
(n=50)
	6,0
(n=3)
	12,0
(n=6)
	58,0
(n=29)
	14,1
(n=12)
	18,0
(n=9)
	16,0
(n=8)
	66,0
(n=33)
	0
(n=0)
	20,0
(n=10)
	40,0
(n=20)
	16,0
(n=8)


Table 3.  The results of the Geometry and Probability projects.
Conclusions

The results of this study point out that we are able to reveal metacognitive processes in socially shared discussions in collaborative mathematical problem solving. Majority of the metacognitive processes focused on providing solution efforts, exploring the used procedural knowledge and logical paths of written thought. There were a few amounts of notes that expose verifying the results of a discussion in the students' own action.  

In the next phase of the study a more detailed research setting is needed including experimental and control groups. The results of this study confirm that in further studies with more diverse research methods it is possible to reveal the particular features of metacognition that are distinctive in Mathematics in collaborative inquiry processes supported by the networked technology.   

In summary the results of this study confirm that metacognition is a component of joint problem solving. Also the further studies are needed in order characterize the special features of metacognition in socially shared discussions in Mathematics. Utilizing networked technology provides scaffolding for developing metacognitive skills as joint knowledge resources and enables the students to review their thought processes and discussions. Apparently the students benefit of computer supported collaboration and use more consciously their metacognitive knowledge to become aware of their thinking. 
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