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ABSTRACT

This paper describes the findings of a study (Gal, to be submitted) that examines changes in teachers’ ways of coping with problematic learning situations (PLS, after Gal & Linchevski, 2000) in geometry instruction. PLS refer to situations in which the student faces difficulty and the teacher has difficulty in helping the student.

The teachers participated in an intervention program developed as part of the study.  The intervention designed for pre-service and in-service junior high school teachers of mathematics, aimed to enhance their ability to identify, analyze and cope with PLS by increasing awareness of their students’ geometrical thinking processes, and by providing them with situations that activated their existing and newly acquired knowledge.  (Parts of the program have also been applied in elementary teachers’ professional development programs.)

The paper introduces the intervention (a yearly academic course) and its principles, the various samples which took part in the research (pre-service, in-service, teacher college/ university students), the criteria for analyzing the process of change, the process of change, and the findings (both in laboratory settings and in classroom instruction settings). Differences between novices and experienced teachers are described. Main conclusions are drawn.

Activities from the course can be demonstrated during the conference.
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About the Research and Its Goals

The research is the outcome of a long period of observing students’ difficulties in geometry and their teachers’ difficulties in helping them.
 The observations indicated that although future teachers are exposed to mathematical knowledge, general and specific developmental theories, common student misconceptions, and the like, when it comes to class implementations these tools either remain inactivated or the teachers found them inadequate. Previous research showed that many teachers either do not realize that the student/s have a difficulty or do not have insight into their students’ difficulties or to the steps needed to overcome them. This conclusion suggests several deficiencies in the training of pre-service and in-service teachers:

1. There is not enough exposure to potential student-difficulties.

2. Not enough effort is devoted to developing awareness of students’ thought processes. Teachers are not trained to question whether students really understand, and if they do – what it is they understand.

3. Theoretical studies of pedagogical content knowledge are not woven into actual teaching, simulations or other forms of practical experience.  

Clearly, changes are needed in teacher education and professional development programs. Firstly, there is a need to enhance the teacher’s theoretical background (knowledge about visual perception, conceptualization, and especially students’ thinking) so as to enable better analysis of student difficulties. Moreover, teachers should be exposed to a larger variety of potential difficulties. Secondly, a way should be found to activate this knowledge (and existing knowledge) during decision-making before and during classroom instruction. 

Problematic learning situations – henceforth PLS (situations in which the student face difficulty and the teacher has difficulty in helping him/her; Gal & Linchevski, 2000) - which were identified, characterized and analyzed in the first part of the research (Gal, to be submitted) - were integrated into a year-long course designed for pre-service and in-service junior high school mathematics teachers. The main interest was to generate a change in the teaching of elementary geometrical concepts in junior high school. The goal of the intervention was to develop teachers’ sensitivity to PLS and to enhance their ability to cope with them. 

The reported research examined teachers’ processes of change during the intervention, focusing on changes in their ability to identify, analyze and cope with PLS, both in a "laboratory" setting and during their instruction of their own classes.

Theoretical Background

The research took into account theories about “learning to teach” (e.g., Shulman, 1987; Borko & Putnam, 1996); pedagogical content knowledge (e.g., Grossman, 1990); and professional development, teachers’ growth and teachers’ processes of changes (e.g. Kagan, 1992). The ideas of the Cognitively Guided Instruction paradigm strongly influenced the research.

Research Design
The course and its principles

The course aimed to expand and deepen teachers’ understanding of students’ ways of thinking, and to enhance their ability to retrieve and utilize this knowledge while making instructional decisions.

The course combined theoretical pedagogical knowledge with its practical application. The theoretical part covered general topics (e.g., concept and concept image; pseudo-conceptual and pseudo-analytical behavior; prototypes), as well as specific topics relevant to understanding geometrical concepts (e.g., visual perception, Van Hiele theory, difficulties in the understanding of geometrical concepts like: angles, perpendicular lines, special segments in triangles and the like). Practical application involved the use of videotaped classroom events involving PLS and teacher interviews documenting how they coped with these problematic situations (data collected in Gal's research) to reveal the difficulties of both students and teachers and to illustrate how the theories learned in the course could explain these difficulties. 

The course was spiral in nature; the participants in the course were first presented with PLS events for which the theoretical material they had already learned could provide an explanation. Then, new theoretical material was presented, after which some of these PLS examples were presented a second time so that they could be re-analyzed in light of the new approaches and so that participants could track their own progress by comparing their earlier interpretations to new ones. At the same time, new PLS examples were presented which could be analyzed in terms of either the old or new theoretical material and over again.

Three groups of course participants were studied: 

4. Nine student teachers studying towards their B.Ed. degree at a teachers’ college, preparing to become junior high school mathematics teachers. 

5. Seven students with a B.Sc. degree in Mathematics from a university studying towards a junior and senior high school teaching diploma. 

6. Twenty three students studying towards an M.A. degree in Mathematics Education at the university. All were experienced in-service teachers. 
The study aimed to track the process of change in teachers participating in the course.
Data collection and presentation

Qualitative research was carried out and presented at two levels:   

1. A case study of Eti, who belonged to the first group (teacher college students).
  

2. Analysis of change in each of the three groups, presenting relevant examples. 
In examining changes in course participants over the year, special attention was paid to their ability to identify, analyze and cope with PLS in two settings – a laboratory (environments in which teachers do not have to make real-time decisions, such as when they analyze PLS presented in a video clip) and the classroom. 

Criteria for analyzing the change process

The analysis refers to three aspects of change:

7. Changes in the teacher’s awareness of difficulties and ability to identify them.

8. Changes in the teacher’s ability to analyze difficulties by means of cognitive theories and to exhibit awareness of the student’s ways of thinking.

9. Changes in the teacher’s ability to suggest effective ways of coping with difficulties.

Findings

Laboratory setting

The process of change during the intervention in laboratory settings can be divided into four stages: 1. Being "shaken" - opening activities and beginning of intervention. In the first month participants were shocked to discover difficulties in topics they assumed easy to learn. 2. Beginnings of overall change. In the second month awareness of difficulties rose significantly. Almost all course participants used the theories they had just studied to analyze difficulties. 3. Taking root. In the third and forth months identification of a difficulty was immediately followed by analysis. Many participants were amazed to see things so differently from the way they had seen them in the past. 4. Maturity. In the following months (5th to 9th)  participants’ ability to identify difficulties was  remarkable. They suggested solutions that were soundly based on theory and had a very good potential for class implementation. Even the few who could provide no more than very brief analysis showed significant progress in comparison to earlier analyses. Reflective ability increased considerably. 

Classroom instruction

The process of change during classroom instruction (which started only in the third month of the intervention) can be divided into four stages: 

1. Declarative search for difficulties (month 3). Course participants mainly identified difficulties similar to those which were being demonstrated in the course. The teachers coped with difficulties encountered during the lesson by trial and error. 

2. Surface change (month 4). The teachers sought solutions to properly cope with the difficulties, but the answers they arrived at were vague and not always based on analysis.

3. “Suspicion” (month 5 to mid-month 6). The teachers were “suspicious” of students’ answers even when the students gave them the correct response; they wondered if students really understood. Frequently, the teachers found solutions to difficulties that were coherent with the analysis of the difficulties based on theories.

4. Maturation (mid-month 6 to month 9). During the lesson, teachers integrated efforts to identify difficulties, analyze them and seek solutions. 
The situation at the end of the intervention

Documentation recorded at the end of the course and of the year of classroom instruction attest to a very significant change in the teachers’ ability to identify and analyze difficulties, both in laboratory settings and during classroom instruction. Treatment of PLS became an inherent part of their instruction.

At this point, teachers were trying to follow their students’ thinking processes in real time. They were aware of their own process of change. 
By the end of the intervention, teachers’ ability to cope with difficulties in laboratory settings underwent a marked change. Assignments for their pupils that in the past had been prepared at inappropriately levels (according to Van Hiele’s classification) were now written for appropriate levels. The teachers also exhibited an ability to cope with difficulties during classroom instruction, and could analyze and suggest ways to cope with them retrospectively. 

Differences between novices and experienced teachers

Notwithstanding the similarity in the process of change in the three groups, some findings are specific to the more experienced teachers (M.A. students):

Experienced teachers had more difficulties than the others during the process of change, especially insofar as Van Hiele theory was concerned. They became critical about their own lesson plans later than other participants. 

In the stage of “Maturity”, when they considered how to cope with a difficulty, their first suggestion was usually a “traditional” one, on too high a level, and only after that did they suggest a solution at the appropriate level. 

These findings are congruent with those of other studies (e.g., Kagan 1992), which point to the central role of beliefs and previous experience in filtering what teachers learn in courses they attend. Still, the intervention did generate change, albeit a slow one, among experienced teachers as well.

Main Conclusions

10. The intervention was long enough for most participants to reach the stage of “Maturity” by means of treating PLS in laboratory conditions. They were able to identify, analyze and suggest appropriate solutions to these problematic learning situations.

11. Duration of the intervention – one academic year – was not enough in terms of classroom instruction. The process of “Maturation” began only towards the end of the intervention.

12. Overall, there were no essential differences between changes in experienced teachers and novices, or between teachers with a strong background in mathematics and those with a weaker background. 

13. There were between-participant differences in the extent of change (regardless of group). One of the factors underlying this difference may be “growth motivation” (Eylon & Bagno, 1997), which seemed to differ from teacher to teacher. 

Contribution of the Research

14. The model of intervention incorporates and integrates several unique elements: 

Participants identified and analyzed difficulties through video clips and texts that reflected a double difficulty: that of the student and that of the teacher.

Participants reexamined spirally during the course their previous analyses in light of accumulated knowledge. In this way, they could recognize their own progress in analyzing PLS. This process – of challenging what they first thought to be right in terms of what they think now – contributed to their own process of change.

15. The results of the research can immediately influence curriculum for mathematics teachers offered in teacher preparation institutes and professional development programs.
 

16. The intervention model not only presents universal geometrical PLS, but can also be universally applied to teacher training and professional development programs in other fields. 
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� See Gal & Vinner, 1997; Gal & Linchevski, 2000, Gal, to be submitted.


� See: Gal, 2003.


� The intervention was translated into an academic course, including a manual for the teacher trainer and a workbook for participants.
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