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ABSTRACT This paper addresses the change in teachers' thoughts as they progress through an in service program. The aim of the in-service program was to encourage teachers to implement and reflect on constructivist approaches to teaching and learning within the junior secondary school area. The program itself was centered on constructivist philosophy, as a means to guide the program and to model constructivist approaches for the teachers. Prior to the in-service program teachers were asked three major focal questions: How do children learn?,' What teaching strategies do you use?; and Who controls learning? On completion of the program these questions were again used to examine the participating teachers' thoughts. Results indicated that there was a distinct change in the way that the teachers viewed the classroom. These changes addressed issues such as the separation of control of learning from management, the valuing of student knowledge and the need to involve students within the learning process. 

INTRODUCTION 

Two areas which have received limited attention within science education research are the provision of inservice opportunities for teachers to implement constructivist teaching/learning approaches and the thinking of teachers which accompanies the change. Constructivist teaching/learning approaches are based on a philosophy that each individual defines knowledge in relation to his/her own experiences both in isolation from other people and in a social setting (von Glasersfeld, 1988). Thus these approaches encourage students to define, test, re-evaluate and construct new knowledge through activities centred on creating conceptual conflict within each individual. 

The limited amount of research which has been undertaken in examining teachers' thinking has been focussed on the generic features of teaching (Roberts & Chastko, 1990). For example, in discussing the initial research into teachers' thought processes Clarke & Peterson (1986) address such issues as teacher planning, teachers' thoughts and decisions, and teachers' theories and beliefs but they do not do so in the context of science teaching. As Roberts & Chastko (1990, p. 197) point out: 

There simply is very little research on which to base an understanding of teacher thinking that is specific to secondary school science. 

This conception of lack of research on teacher thinking is re-enforced by McNamara (1990, p. 150) who stated that 'the major and disturbing gap in the literature is the failure of researchers to investigate teachers' thought processes'. 

In examining the particular direction(s) which need to be taken in trying to compile an adequate knowledge profile with respect to teachers' thoughts, McDiarmid, Ball & Anderson (1989, p. 10) have focussed on examining the judgments teachers make within the classroom. They believe that teachers' judgments within the classroom are 'based on their ideas about how people learn, about learners at different ages, about their particular pupils, about the subject matter itself, as well as about the context'. To explore teachers' thoughts with respect to these issues McDiarmid & Ball (1988, p. 8) have suggested that particular questions need to be posed by researchers which focus on issues such as 

discover[ing] what teachers know and believe about the learning process. What do they think it means to 'learn' something? How do they think learning occurs? To what degree do they believe themselves responsible for pupil learning? Equally critical is what they know, and how they think, about learners. 

These questions are an initial attempt to begin to deal with the problem of exploring what teachers are thinking when they are interacting with students within the classroom. 

The importance on addressing such questions when examining teachers' thoughts is emphasised by Yager (1991, p. 57) who in discussing the nature of inservice activities to promote constructivist teaching/learning approaches stated that: 

when the thrust of the inservice program is towards constructivist perspectives on teaching and student learning, the change involves teachers' conceptions of learning and teaching. 

This conception of teaching change when adopting constructivist teaching/learning approaches within the classroom is reinforced by Anderson & Smith (1987, p. 103) who indicate that 'most teachers themselves [will] have to undergo conceptual change in order to engage in conceptual-change teaching'. Further support for this concept of conceptual change by the teacher is given by Stones (1992) who suggests that there is a need for teachers to experience and explore the underlying principles of teaching rather than model approaches intent on delivering content knowledge. 

This paper focuses on examining the change in teachers' thoughts as they adopt and implement constructivist approaches within the classroom. The teachers involved were required to reflect on current practices and change pedagogical approaches to implement the new approaches. 

THE NATURE OF THE INSERVICE PROGRAM 

The study was conducted over an eighteen month period and was centred on examining the changes in teachers' thoughts which occurs as they progressed through an extended inservice program. A group of eight science teachers from a single junior secondary school volunteered to be involved with a research project which focussed on promoting and encouraging the adoption of constructivist teaching/learning approaches within the classroom. The project was designed to incorporate the following features: 

* an intensive examination of each participating teacher's

  classroom practices via semi-structured interviews and classroom

  observations.

* an inservice program centred on constructivist teaching/learning

  approaches, both as a philosophical base and as a process for

  teachers to model.

* an intensive examination of each teacher's classroom practices

  in implementing constructivist teaching/learning approaches

  including semi-structured interviews with both teachers and

  students, and classroom observations.

Particular emphasis was placed on encouraging the teachers to record their perceptions of both the inservice program and the results of implementation of new teaching approaches within the classroom. Opportunities were provided for the teachers as a group and as individuals to reflect on both their own progress throughout the inservice and the consequent impact of the new approaches on their students. 

The suggestions put forward by McDiarmid & Ball (1988) into the type of questions which need to be posed to examine teacher thoughts were used by the authors to guide the study. The initial examination of teachers' thoughts prior to the inservice program was conducted after a number of classroom observations had occurred. A semi-structured format was used and centred on three major questions: 

(1) How do children learn? 

(2) What teaching approaches are used? 

(3) Who controls learning within the classroom? 

On completion of the inservice program, and after having implemented a complete teaching unit using a constructivist teaching/learning approach the teachers were again interviewed. Prior to the interview each teacher had been observed teaching a number of lessons throughout the unit in which he/she was using a constructivist approach. In conjunction with these observations, teacher and researcher journals were kept, and three students from each class were interviewed to examine the perceptions they had of the participating teacher's role within the classroom. The final interview was conducted after each teacher had been given opportunities within the group of participating teachers and as an individual, to reflect on the teaching unit as a whole. As with the initial interview, the final interview centred on three major questions: 

(1) How do children learn? 

(2) What are your thoughts about constructivist teaching/learning approaches? 

(3) Who controls learning in the classroom? 

The study was qualitative in nature in that data collection included teacher and researcher journals, classroom observations, semi-structured interviews with teachers prior to, and on completion of, the inservice and semi-structured interviews with students on completion of each teaching unit which was taught using constructivist approaches. Grounded theory was used to generate generalisations from the study. Both researchers were involved in constructing and refining these generalisations, which were then presented to the participating science teachers at faculty meetings for review and discussion. 

TEACHERS' THOUGHTS AND TEACHING/LEARNING APPROACHES PRIOR TO THE INSERVICE COURSE 

How do Children Learn? 

Teachers' responses varied from one who had 'no real idea' to a variety of different views. One teacher based his ideas on Piaget in explaining that children need to be active when learning and because older children are able to be more abstract the lessons could become more structured. The concept of children needing to be 'focussed into thinking' or they learn best 'when it is forced on them' was commonly held by the group and was the reason given for involving them in activities. One teacher indicated that chidren learn material in a sequenced manner in that they move from a minor idea to a more developed conception. 

The teachers were unable to articulate clearly a conception of how children learn in terms of currently accepted theoretical positions, that is, none of the group mentioned such words as conceptual frameworks, assimilation and accommodation, perturbation, or individual construction of knowledge. The teacher who mentioned Piaget focussed on the stages conception of his theory without discussing any of the concepts mentioned above. An explanation for this can be seen by the comments of one of the most experienced teachers who indicated that he based his views on his 'pre-service training' from 15 years ago. This reliance on pre-service training was emphasised during the first inservice activity when the group indicated that the types of discussions which they were having, focussing on teaching and learning, were the first that they had since they began teaching. 

What Type of Teaching Approaches are Used? 

In describing the teaching approaches that they implemented in the classroom the teachers described approaches which centred on their stated views in relation to 'focussing' or 'forcing' students thinking. Importance was placed on the need to ensure that students 'have got it right' (Donald). The emphasis on the importance of the correctness of the scientific knowledge under review is indicated by Howard who stated: 

Even if they don't come up with what is in my head I probably end up forcing or directing them in that sort of direction [this is because] I suppose I have a set amount of information that students somehow have to get into their heads. 

While the teachers were prepared to allow students in Years ? and 8 to have a sense of freedom in the writing up of practical activities, such was not the case for students in Years 9 and 10. Students in these older levels were expected to be more accomplished in their thinking and able to absorb more information. An example of this thinking is given by Frank who indicated that by 'Year 10 I am starting to expect them to write up a prac. properly and to answer questions along the way'. At the Year 7 and 8 level he indicated that his intentions are 'probably more on the discovery side of things. [Let the students] have a good time, get them interested in science'. 

The portrayal of science teaching as being dominated by the need to ensure that students receive a clearly defined explanation of the correct scientific knowledge, rather than being allowed to explore issues for themselves was evident. For example, Donald was very uncomfortable with any situation that resulted in students engaging in a series of different activities at the one time. As he said 'I personally don't like it. I would much rather have the kids more or less in a group'. Even though the teachers indicated that they were keen for the students to ask questions and explore issues they were not always comfortable to let them do so. When asked about this situation after some classroom observation sessions of his teaching, Howard responded: 

the last couple of classes I was giving straight lectures. Now I very rarely ever do that, ever. In fact, ! think there was one class there where I don't think the students picked up a pen or read anything other than what I presented. I don't think I have done that for years really, ever. So they didn't have the opportunity. I just gave them so much information that they just didn't have the opportunity. I suppose they are shell shocked with the sort of information that, I don't know, maybe I over did it. 

As a group the participating teachers were concerned with ensuring that all students received the correct scientific information and they were focussed in their thinking particularly as they moved into years 9 and 10. A statement by Chris summarises the thinking of the teachers when he said 

Basically I give them the correct information as best as I can, for example, with pracs, with discussions, with answering of questions from texts and I can't really think of anything more. 

Prior to interviewing, all the teachers were observed conducting three lessons with the same class. During the observations particular emphasis was placed on the number of different activities completed and who controlled the learning outcome as a result of the activity. This question of control of the learning outcomes is discussed in the next section. 

Who Controls the Learning? 

In recording who controlled the learning which occurred, the authors used three categories: teacher controlled where the teacher was the sole source of information, outlined the work to be done and organised practical activities without any student input; student controlled where students were able to control the direction of the discussions with teachers and be involved in practical activities which attempted to answer questions posed by themselves; jointly controlled where the teacher and students worked together because the teacher values the students' contributions to the learning process. The observations recorded in Table I are of the eight participating teachers prior to any involvement in the inservice program. As can be seen from the results a large percentage of the activities undertaken within each of the teachers' classrooms were centred on the teacher. 

The authors would point out that many of the student controlled activities were centred on tasks such as reading out to the class, working on worksheets, or answering simple comprehension questions rather than activities to answer their own questions. 

All the teachers answered the question of control of learning from a perspective which included management of the classroom environment. There did not appear to be any distinct separation between management and learning. A number of teachers indicated that they are aware of students' ideas and that they don't 'dismiss these as rubbish' (Frank) but they never-the-ess still focus on ensuring that they control what is addressed in class. The groups' views are best summarised by Alan's comment when he stated: 

the teacher is the most important person in the room, the teacher should be at the centre of the learning and should control what the students are doing. 

This comment indicates that as teachers they are concerned with controlling both the learning which is to occur and the total activity of the students when they are in the classroom. 
Pre-inservice profile of the group 

The emphasis that the group of teachers placed on ensuring that they were able to cover the necessary scientific content as required by the syllabus, control all the events which occur in the classroom in terms of learning and management, and the need to 'force' students to think matches the results of previous studies by Tobin & Fraser (1989), Tobin et al. (1990), and Gallagher (1991). These studies indicated that teachers, as with those participating in this study, had developed pedagogical knowledge which enabled them to operate successfully in science classrooms and ensure that the problems of management and syllabus coverage addressed above, were adequately overcome. Even though the eight teachers were able to operate effectively in the classroom, there was a sense of disquiet about students' attitudes towards science in the 4 years they were at the school. A reflective comment by Alan gives an insight to these concerns when he said: 

You see a kid come in at Year 7 and they are really enthusiastic. Maybe we are knocking it out of them. I don't know. They do lots of prac. work. Maybe it is a bit reflective of our course. There is a lot of theory and not much prac. and they start to view it after all the years as the way they learn science, that is, notetaking. 

A CONSTRUCTIVIST INSERVICE PROGRAM 

The inservice program was conducted in three stages over the 18-month period of the study. The first stage focussed on the initial classroom observations and semi-structured interviews as described above. Having established a broad picture of the teachers' current pedagogical practices, the second stage of the inservice program was centred on the examination of constructivist teaching/learning approaches. This stage consisted of a series of four half day and one full day sessions where teachers were able to be released from school to attend the first author's institution. The curriculum model proposed by Driver & Oldham (1986) was used to design the overall program, and to plan each particular session. The fundamental principles of this curriculum model are that learners need to have opportunities to express their own conceptual knowledge; be provided with activities which conflict with their expressed knowledge; are then encouraged to resolve any conceptual impasse and if necessary construct new knowledge; and have opportunities to evaluate and try out newly constructed knowledge. The inservice program was centred on providing the participating teachers the opportunities to be involved with the following activities: 

* opportunities given initially for the teachers to discuss

  and define for themselves the criteria necessary for good

  science teaching;

* encouraged the teachers to read and discuss with the first

  author a series of journal articles on constructivist approaches

  to teaching and learning (the articles provided were Bodner,

  1986; Driver & Oldham, 1986; Driver & Bell, 1986; Watts &

  Bentley, 1987; Blais, 1988);

* asked the teachers to explore students' understandings of a

  topic of their choice--emphasis was placed on the teachers using

  a topic that he/she taught or was currently teaching;

* explored the change in pedagogic skills required by the teachers

  when implementing constructivist approaches.

The third stage of the program, which occurred during the 12 months of the study, required each teacher to plan and implement a teaching unit of his/her choice using the new approaches. Involved with this implementation process was the need for the teachers to explore students' understandings of the topic prior to, or at the time of commencing the unit. 

In planning the inservice program attention was paid by the authors to the conceptual change criteria as outlined by Gunstone & Northfield (1988). By encouraging teachers to seek student understandings of a topic, the authors intention was to promote dissatisfaction with their current pedagogy in terms of being able to address what were perceived by the teachers as students' misconceptions. Teachers were suprised to discover that there was (in some cases, an alarming) mismatch between what they believed they had taught: and what the students had learnt. Constructivist teaching and learning approaches were presented as being both intelligible and plausible in addressing this problem of lack of teachers' conceptions of student understanding. The criteria of feasibility and fruitfulness of the new approaches were addressed through the teachers' trialing of, and practice with, the approaches. 

Developing a Teaching Unit 

The teachers involved in the study were required to develop and implement a teaching unit of their choice using constructivist teaching/learning approaches. As a consequence a number of different units were developed, e.g. light, ecology (Vance & Hand, 1991), and buoyancy (Vance et al, 1993). 

The planning of the unit involved the teachers defining three to five essential scientific concepts to be addressed within the unit. Any practical activities to be used were planned; however, the timing for use was to be dependent entirely upon the learning pathways chosen by the students. The planning of activities also involved activities to be used to explore students' initial understandings of the topic. Potential learning pathways that students may have adopted in reaching an understanding of the scientific concepts under review were also discussed and explored. 

Emphasis was placed on designing questions and possible activities which could only be answered or explained using scientifically acceptable concepts. Importance was placed on not creating a sequence of lesson plans prior to beginning the topic, but rather developing the skills to examine all the planning and possible learning pathways in response to the students' knowledge. Teachers were encouraged to create a learning pathway for the students which best addressed the scientifically acceptable concepts based on the continual exploration of the students' understandings. Emphasis was placed on implementing pedagogical skills aimed at exploring students' understanding of science (Hand et al., 1991). The process of negotiation was stressed so as to allow students to become an essential and active component of the learning environment. 

TEACHERS' THOUGHTS ABOUT TEACHING/LEARNING FOLLOWING THE INSERVICE PROGRAMME 

All the teachers involved in the study had a differing range of experiences in terms of initial training, years of teaching experience, the number of different schools taught at and the variety of students they have been in contact with. Given the authors' constructivist perspectives they expected that the teachers' responses to the inservice program would be both varied and individualistic. Responses to the questions posed indicated this was the case. 
How do Children Learn? 

Of the eight teachers involved, six indicated they now were aware of the 'incredible range of ideas on any particular topic the students have, and of the different way they use words' (Eric). These teachers had changed their conceptions of how children learn to the extent that they now recognise that the learning which occurs in the classroom is based on children actively working with their own ideas. As Frank indicated: 

I have realised that it is important for them [children] to be in charge or learn or find out things for themselves. I think probably that is more important now whereas before it was more I guess rote learning. 

Recognition was given to the conceptual difference between providing opportunities for children to be active on tasks set by the teacher and promoting an active involvement in the learning process. As Eric said: 

Now I can see that playing around and fiddling with things there is no real sense of direction. [With constructivist approaches] they're testing an idea and there is direction to it:--a big difference. 

Two of the teachers did not change their conceptions at all. One of these teachers began the interview by asking what had he said before, while the other indicated that yes she had changed but then proceeded to outline the fact that she now used much more questioning when teaching. She did not focus on the child as an individual. 

Reflections on the New Teaching/Learning Approaches 

The teachers' reflection focussed on two major areas of change associated with implementation: the first was the changes associated with focussing on students, and the second was their own handling of the perceived changes which had taken place. These are discussed below. 

A number of the teachers indicated that they were much more aware of the need to provide students with opportunities to explore pathways for themselves, that is, the teachers were allowing the students to determine the direction of their own learning. By providing students opportunities to undertake their own exploration, teachers believed that they were making the learning of science much more of a challenge to the students. As Bey said: 

the [teaching] method challenged each person individually a lot more than if I let them go to follow a recipe. They are not challenged then in the steps along the way--this is what I did in the past. 

This conception of encouraging the students to become an active partner in the learning process within the classroom reinforced the perceived changes in their thinking in relation to how children learn. The focus on the student as an active participant in the learning process was further commented upon by the teachers when discussing their own involvement with them. Previously the teachers believed that they did not concentrate on talking to the students as individuals but instead were more focused on addressing them as a whole group. The implementation of constructivist approaches caused changes in the teachers' relationship with students as noted by Donald in his journal when he wrote: 

There is no doubt that I had more contact with students in the class than I would have had in most lessons on the previous unit on energy. I think I would have spoken to nearly all individually, looked at the records of a good few and talked to more groups of them than in the last unit. 

Not only were the teachers noticing an increase in their interaction with students, but there was a marked increase in their perception of student involvement in the classroom environment. Practical activities which had in previous occasions required the teachers to be very vigilant in maintaining good management approaches because of the particular setup of the laboratory, were no longer of such concern. Eric commented that 'after the first session you would say get the light box out and away they would go'. Both Eric and Donald stated that this had not been the case in previous years when doing the topic of light. Some of the students would deliberately short circuit their light box equipment which was connected in series with all the other students' light: boxes. As a consequence of implementing the new approaches both Eric and Donald Indicated that short circuiting the equipment setup was rare and viewed as being accidental. This increased involvement in participation and the handling of practical equipment 'surprised' many of the teachers. 

Another major surprise for the teachers was the ability of the students to become less reliant on them when posing questions and seeking answers throughout their investigations. During the discussions on developing new skills emphasis had been placed on the teachers being non-judgmental when responding to students' answers. The major reason was that there was a need to promote situations in which students were required to defend and debate their answers as a whole class, rather than seek an 'official' response from the teacher. However, at the same time the teachers were encouraged to develop approaches for questioning that would allow students to match their constructed concepts to scientifically acceptable concepts. 

As a consequence of the teachers moving to being non-judgmental in responding to students' answers or comments, the students were able to develop a greater sense of the need for them to be more involved in constructing their own knowledge. As Howard said: 

It did surprise me. At no stage anytime throughout the entire topic did any of the students ask me what I thought about it. They did ask me a few questions quite unrelated about other things. On the actual topic I wasn't asked once. It was almost as if they expected, somehow they just knew, that they were working for themselves. Somehow they got the idea quickly and understood it. Something that did surprise me. 

The growing independence of the students as a consequence of the implementation of the new approaches was seen by teachers as a major benefit. 

The initial response from teachers to the new approaches was the sense of being overwhelmed by the students. Not only were the teachers being overwhelmed by students in their willingness to be involved with something new, but also the teachers were uncertain of what to do with all the information gained from the students. A clear example of this is given by Alan who stated: 

A couple of times with certain questions kids were virtually jumping out of their seats. It's this, or no, it's something else, and they would be arguing, and I just felt snowed under. I just didn't know where to go. 

A further example is provided by Donald who when commenting on a particular lesson in his journal wrote 'for a good part of the lesson I was not sure at all where it was going'. At the interview when questioned about this comment he stated: 

You don't know what is coming next. It is good because you have to think on your feet. You have to be thinking all the time and it is more challenging. It is a more challenging position than when you have total control and you know exactly what is going to happen. I think that has a flatness about it in the end which this [constructivist approach] hasn't got. 

The concept of having to think on their feet was a major new development for the teachers. As a consequence of allowing student participation in the learning process teachers' own knowledge was being challenged. The linear pathway in terms of the knowledge addressed in a unit which the teachers had previously adopted was no longer adequate in terms of constructivist approaches. Teachers were having to take into consideration student knowledge and the best means of addressing this knowledge, generally within the confines of an ongoing lesson. As Eric commented: 

There were times when genuine mental gymnastics were required to lead discussion unlike anything I've encountered before in Year 9 science classes. This was a good feeling--after nearly ever)' class I can remember going back to the staffroom saying 'that was really great, but I'm jiggered [tired]'. Very satisfying. 

The need for teachers to become much more involved with the students was noted by some of the issues which were raised when reviewing the inservice program as a whole. The teachers indicated that they were able to now have a greater understanding of students' ideas (Frank); they had become self-conscious about starting new units with previous notes collected over their teaching careers as these were not centred around gaining student understandings; and there was growing emphasis on the need to examine the classroom setup of science rooms so that discussions could become less inhibited by restrictions of furniture, i.e. by long benches in the laboratory. 

Who Controls the Learning? 

There was a marked change in some of the teachers' thoughts in relation to this question. Of the eight teachers, five had reached a stage where they were comfortable in separating management from learning. These teachers had reached the stage of 'trusting' (Alan) the students when doing practical work or during small group discussions, that is, they could now trust the students to be on task and actively involved in learning. Eric indicated that using previous approaches much time was spent on ensuring students were working on the practical activities and not talking 'about what was going to happen on the weekend'. The teachers were still very aware of the need to have control of the management of the classroom, particularly in relation to discipline, but were now comfortable in allowing children the opportunity to have control of the direction of the learning. Teaching approaches had changed from teaching for control (in terms of management and learning) to teaching for learning. As can be seen in Table II, the number of student controlled activities had greatly increased. The authors would point out that nearly all these activities were centred on students' deriving conceptual knowledge rather than filling out worksheets or answering closed question activities. 

The recognition of the change in control of learning is demonstrated by comments made by Chris. In one particular lesson observed by the first author, some of the students questioned him on the general direction of the lesson. In responding to their questions Chris appeared to fall back to a more familiar teaching strategy. When questioned about his situation he responded by saying: 

What probably concerned me was the uncertainty of not knowing where to go to next. That is what probably threw me. Where was I going next? Not that they were questioning what I was saying or that they were asking for more information or splitting hairs over semantics. That doesn't bother me at all. 

Although the concept of uncertainty and having to think on your feet was new and difficult to deal with at times, the major benefit from the authors perspective was that teachers were questioning themselves while still allowing students to have a degree of control. The three teachers who had not reached the stage of separating management from learning had not developed the same confidence in allowing students to have control. 
How Did the Teachers' Thoughts about Teaching/Learning Change? 

All the participating teachers were encouraged to examine and reflect on their own conceptions of teaching and learning throughout the inservice program. As they progressed through the program there were distinct changes in their thinking. Initially all the teachers were adopting managerial roles within the classroom with an emphasis being placed on control of management and learning. The teacher was the 'most important' person in the classroom whose function was to ensure the syllabus was covered and students were managed well. This thinking is summed up by Bev who wrote in her journal: 

by the end of the topic hopefully [the students] have learnt the concepts I want them to learn or the syllabus wants them to learn. 'Test them. They all pass, they have learnt the concepts!!!!' 

Changes in teachers' thoughts were clearly noted by two major events within the inservice program. The first was centred on the trialing of approaches to determine students' understanding of a topic, while the second was centred on the results of practical application of constructivist approaches matching the predicted theoretical student responses as outlined in the readings. These theoretical responses were not centred on science knowledge as such, but on the process that students undergo when realising their knowledge is not adequate. The teachers were unsure of how to respond to finding out that students did not really understand what they had been telling them. This encouraged them to examine their own conceptions of teaching and become receptive to different pedagogical approaches. Having accepted that the new approaches were feasible the teachers began to change their thinking when they received positive responses to the various trialing sessions in terms of student participation and the matching of 'supposed' theoretical outcomes. An example of this can be seen from a comment by Donald on one particular lesson where he stated: 

Yes, that physical science class was a real winner for the system in a sense. A couple of them did the things you said they would. Put up an idea, did a real simple experiment, what does it mean?--it means my idea is wrong. That was a real clincher. I thought it really does work, it did exactly what it was supposed to do. 

Conversations with some of the participating teachers then started to become focussed on the students' ability to be involved in classroom activities and the manner in which they displayed their understanding. Of the eight teachers, five were centring their thinking on how best to cater for students (Hand & Treagust, 1993). Their initial concerns which had focused on issues related to themselves, were now based on issues such as how best to arrange the room to involve all students, which arrangement of groups could promote the best discussion, how to continue to improve their own questioning skills to have a better understanding of students' thinking, how to improve their 'thinking on their feet' skills to encompass more of the students' ideas. These teachers displayed a much broader appreciation of actual classroom practices and dynamics, particularly in recognising the involvement of students in the learning process. A comment by Howard reflects this change when he stated: 

I most definitely want to continue on and develop in this particular area because I think it is really terrific. I am really excited to see students who can sit down and talk and discuss things and have the opportunities to do so. 

The initial concerns of the teachers in relation to management and syllabus coverage were no longer of such importance. Importance was being placed on changing the syllabus to better reflect a conceptual focus on learning as opposed to a content focus. Faculty meeting time was used by these teachers to begin with the process of adapting the school based curriculum to match the changing conceptual focus. The issue of management was no longer of such importance because of the positive results that the teachers had gained when students became actively involved in learning. The need to ensure effective discipline management had not been reduced, but the need to use it as a vehicle for teaching no longer appeared to be as significant. 

The three teachers who did not make the same change in their thinking were characterised by two significant features. These two features were noted during the final interviews. The first was that two of the teachers, did not once focus on students throughout their interview. For the entire interview, apart from direct questions about students asked by the authors, the two teachers only discussed their role within the classroom. At no stage did they address issues which indicated that they had begun to value students within the learning process. Paradoxically, the second feature did relate to the role of students in the classroom. When asked about students and learning, the three teachers did not appear to accept any responsibility for their own role in promoting student involvement. The word 'hope' was continually used throughout the interviews. They did not appear to have shifted their original thinking in relation to students involvement in the learning process. Their thinking was still centred on themselves. 

CONCLUSION 

Examining teachers' thinking is a very powerful means to begin the process of measuring change. As teachers begin to reflect on long held beliefs and are encouraged to explore and implement new pedagogical approaches, changes in their thoughts can be detected. The acceptance of new teaching approaches such as constructivist teaching/learning approaches, does not occur quickly. As evidenced by the teachers in this study, when teachers begin to accept the value and usefulness of constructivist approaches within classrooms there is a consequent change in their thoughts about teaching/learning. The focus of these thoughts changed from issues related to self to issues centred on students and how best to accommodate the changing classroom dynamics. While examination of constructivist approaches within science classrooms has focussed on student outcomes there is a need to expand the research to the thoughts of teachers about teaching/learning which is an integral part of the learning process. 

   TABLE I. Classroom observations of the eight

       participating teachers prior to the

                inservice program

Legend for Chart:

A - Teacher

B - Lessons

C - Number of Activities

D - Teacher controlled

E - Student controlled

F - Jointly controlled

  A           B          C       D         E       F

Alan          3         18       11        7      --

Bey           3         16        8        7       1

Chris         3         13       10        2       1

Donald        3         15       12        2       1

Eric          3         15        7        3       5

Frank         3          9        6        3      --

Geoff         3          9        7        2      --

Howard        3         10        9        1      --

             24        105       70       27       8

      TABLE II. Classroom observations of the eight

         participating teachers teaching a unit

            using constructivist approaches

Legend for Chart:

A - Teacher

B - Lessons

C - Number of activities

D - Teacher controlled

E - Student controlled

F - Jointly controlled

  A             B           C           D          E          F

Alan            5          24           6          9          9

Bey             3          11           3          6          2

Chris           5          21           5          6         10

Donald          5          20           4          8          8

Eric            4          14           4          4          6

Frank           4          22          10          8          4

Geoff           5          27          13          7          7

Howard          4          18           9          5          4

               35         157          54         53         50
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