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This is a two-year long project conducted during 2003-2005. The purposes were
to analyze junior high school students’ mathematical learning processes and to
investigate how to improve students’ learning processes. There are two sessions in the
first year. In the first session, 12 pairs of students from 6-8 grades who voluntarily
participated in this study were asked to solve open-ended problems by thinking aloud
method. in the second session, the students were individually interviewed after problem-
solving sessions. Audio- and video records were used to collect data while the
participants solve the problems and while they have been interviewed. Major data for
analysis were 36 protocols of three open-ended problems, students’ written works, and
transcriptions from the interview sessions. According to 5 levels of geometrical thinking
of van Hiele, all pairs of students demonstrated that their geometrical thinking were
limited to merely level 0 and level 1 during their problem-solving session in the first
session. In the second session, while the interviewers interviewed each student, they
took the role of facilitator (Schoenfeld, 1992) which encourages the students to reflect
on their solving processes using the ‘what’, ‘how’, and ‘why’ questions. Such a role
improved students’ metacognition, which in turn influences change of students’
geometrical thinking.

In the second year, the research was conducted in the actual classroom of
Demonstration school attached to Khon Kaen University where the students in the first
year_ enrolled their study. Open-ended problems were used to help setting a small-group
activity. A teacher took the facilitative roles asking ‘what’ ‘how’ and ‘why’ questions
during the problem-posing session and encourag’ing the students to express their ideas
and reason the problem solution the way they did.

Findings from the second year research are as follows: 1) open-ended problems
like those used in this study changed classroom environment to encourage students
actively engaging in mathematical activities, 2) the new role of teacher as a facilitator
asking ‘what’ ‘how' and ‘why’ questions as in this study is an effective way to change
the levels of students’ high-order mathematical thinking like geometrical thinking and
and also improve students’ learning mathematics, 3) Classroom organization using
open-ended problems with teacher's new role as a vfacilitator changed traditional
“classroom culture such as teacher’s beliefs about teaching mathematics, their roles in
new classroom setting, or students’ ability in solving and learning mathematics, 4)
Protocol analysis as used in this study is a new research methodology to analyze
students’ mathematical thinking processes. These findings can be useful for reforming

]

mathematical learning processes in mathematics classrooms.





