Innovation-in-practice: teacher strategies and beliefs constructed with computer-based exploratory classroom mathematics.�
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Abstract: This is a report on research� into the strategies and beliefs constructed by eight teachers after six years of innovative practice supported by teacher education and involving a one-hour-per-week computer-based maths classroom activity by small cooperating groups of pupils. All teachers were observed for 3 teaching periods, verbatim transcriptions were made from video-recordings and semi-structured inteviews were subsequently taken. Combined qualitative and quantitative analysis indicates that the teachers had constructed idiosyncratic reflexive pedagogies which as a whole could be characterised by means of the type of pupil activity they intended to encourage, i.e. self-motivated interplay between reflective and directed activity with emphasis on the former regarding references to mathematics.





Theoretical Framework


Research on mathematics teaching seems to have progressed from perceiving the teacher as the implementor of pre-prescribed teaching methods or innovations and interpreting teacher performance with respect to the extent to which the implementation has met its objectives (Hoyles, 1992). Interrelations between teacher pedagogy and teacher attitudes has come into focus, the latter disaggregated into attitudes towards the teacher’s role, mathematics, the teaching of mathematics. The role of teaching process came into play, with distinctions like the one between teachers’ espoused beliefs and those enacted in the classroom (Ernest, 1989) providing useful insights into the formative role of the classroom situation. The perception of a teacher constructing and reorganising a personal pedagogy through interrelation with classroom culture and the wider culture is emerging (Moreira and Noss, 1993), posing new methodological and theoretical tasks in providing interpretative frameworks. Olson’s (1989) distinction between bureaucratic and reflexive curriculum change is based on teachers making sense of their environment as they act upon it. Lerman (1992) has called for the need to map relations between beliefs and beliefs-in-practice, termed “situated beliefs” by Hoyles (1992). 





This is a report on research into eight teacher’s strategies and beliefs constructed after six years of innovative practice supported by teacher education and involving a one-hour-per-week computer-based exploratory maths classroom activity by small cooperating groups of pupils. Our theoretical orientation in interpreting our classroom observations of teacher activity was that of the teachers constructing and reorganising pedagogy as they act upon it during their practice (Olson, 1989). We see knowledge as constructed through social interaction within cultures and feel that although we are best informed by combining Piagetian and Vygotskian theory, there is a lack of a theoretical framework focused on and deriving from the kind of teaching and learning interactions we observe (Mercer and Fisher, 1992).  





Background to the study


The study took place in the context of a longitudinal school project (Psychico College) involving a computer-based development of cooperative small-group investigation activity supported by teacher education (Kynigos 1992, Kynigos and Preen, 1995). From year 3 to 6 inclusive, all 500 pupils and 25 teachers take part. Each group carries out four-hour long investigations and prepares a written report to orally present to the rest of the class. Elsewhere, we have given brief descriptions of how centrally mediated information transmitting, exam-cramming processes characterise an encyclopedic, theoretical and content based Greek educational system (McLean, 1990). Not surprisingly (Noss, 1992) the advent of computers has enhanced rather than diluted these characteristics (Polidorides and Kynigos, 1993, Kynigos, 1995). Like Psychico College, some schools offer hours over and above those set by the system, in order to cultivate some creative and constructive activity in their pupils. It was thus in this framework that the “investigations” hour took place.





Teacher education was carried out by the researchers, was built within the teachers’ working schedule and had as a main strategy to set up opportunities for the teachers to reflect on and discuss their practice and encourage developing pedagogies. The computer was used a) as a medium for expression and for generating exploratory activity and, b) as a “window” (Weir, 1986) to children’s thinking for teachers and researchers and to teachers’ strategies and beliefs as described in this report. More details on the background and on other research within the project can be found in Kynigos and Preen, 1995, Kynigos et. al, 1993. Studies of related issues in school settings can be found in, Hoyles and Sutherland, 1989.





Method


In the above setting, we investigated a) the teachers beliefs as constructed during this practice, regarding learning mathematics, their pedagogical role and that of the computer and b) their intervention strategies regarding the extent to which they were embedded in the pupils’ investigations, the aspects of the learning situation they referred to, and the kind of pupil activity they intended to encourage.





Eight teachers were chosen so that their classes spanned all the age groups and were video-recorded during three teaching hours each. A remote microphone enabled transcription of all their utterances capturing the responses of the group of pupils in which they intervened. The person taking the recording was aware of the issues which could be interesting during the analysis. Semi - structured interviews were subsquently carried out regarding the teachers’ views on the ways in which children learn during the “investigation” hour, how they perceive their own role and pedagogical strategy and how they compare this kind of pedagogy and learning to the one which goes on during the normal curriculum activities. Verbatim transcriptions of audiorecordings were made. Background data was also collected, i.e. all the pupils’ written presentations of their investigations and researcher notes on specific aspects of each particular hour which may have influenced the atmosphere (e.g. a broken down computer).





Results


Comment Characterisations


We analysed the teachers’ discourse into “notional units”, giving each a characterisation according to our interpretation of a) whether it was embedded in pupil activity, b) to which aspect of the learning situation it refered to and c) the kind of pupil activity it intended to encourage (Kynigos and Preen, 1985 and for the latter, see also Hoyles and Sutherland, 1989). We avoided attempting to “objectify” the notion of “discourse unit”, negotiating between ourselves to relate it to the characterisations themselves using pilot analyses of the same data to check for interpretative discrepances. Fig. 1 provides a representation of this analysis showing how each embedded comment (A) was further given three characterisations (B, C, and D). 


�Figure 1: Comment characterisations


So, for example, in the following pupil - teacher verbal exchange, we interpreted the teacher’s comment as consisting of the following four units (marked u1, u2, etc): u1 = process, reflective, future, u2 = process, directive, fact (it would have been method if the comment was e.g. “haven´t I told you to play turtle - in such cases as this one”), u3 = process, reflective, future, u4 = Logomaths, reflective, future.


pupil: “And how will I make it go like this?” (make the turtle turn from the perpendicular)


teacher: “What do you say?” (u1) “Didn’t I tell you to think you are the turtle?” (u2) “What would you do?” (u3) “Towards where would you turn to face that way?” (u4)


We suggest that the information derived from the combined analysis of reference to aspects of the learning situation (as these aspects emerged from the data) and intended encouragement of types of pupil activity is helpful in describing teaching strategies as they are constructed during teaching practice. The aim was to gain insight into the ways in which the classroom culture and the dynamics of the situations emerging within each group of pupils interacted with teacher beliefs and teaching strategies regarding the above and mathematical ideas. Although these results are useful, there are limitations in their interpretative power. A major problem is the extent to which each comment can be connected to the context of the situation it was made in. It is not easy for instance to draw information on whether a comment refering to one aspect of the learning situation has influence on another aspect. The same applies for the types of activity. For example, taken out of context, the interpreter may characterise the following comment as refering to Logomaths, since the discussion seems to be about a turtle turn. Following all the interventions regarding these two pupils, however, revealed that the teacher was really trying to establish communication between them - so the comment refers to group dynamics. 


“Wait a minute, wait a minute. Andoni, whenever you think of something do you just do it or do you communicate with the others? Because just now Nikiforos was puzzled, (he asked ) “lt 15?”,  as if he did not know what you were going to do.”


In characterising the comments we thus took into account these contextual issues to the extent that the video recordings made possible. Finally, this analysis is considered in conjunction with, on the one hand, vignettes taken from one or a series of episodes, and on the other, the building of a quantitative picture of each teacher and all the teachers as a whole. 





A vignette


Teacher A has had 12 years working experience at primary level. She has taken part in the “Investigations” project from the start, and had taught third and fourth grade students during the six years of the project’s duration. She did not have a mathematics qualification more than that provided by her primary teacher’s degree. She herself does not feel confident with what she terms “mathematics” as an object of study. However, she believes that there is another, natural, everyday kind of maths from which school teaching diverts pupils to perceiving it as alien territory.


“I believe that maths is in our life, in ourselves and we do it subconsciously - but someone comes and says to us: “look, what you were doing till now is fine, but I will teach you to do it differently like this and this and this”, so you don´t do it at all and you say: “ah! mathematics is difficult, that's it, I cannot do it”.”


Regarding the meanings she brought to the project, she did seem to make specific connections with her pedagogical aspirations to encourage cooperation and autonomy amongst pupils. 


“I thought it was very important when I was given the chance to teach them to cooperate, to make some decisions on their own and to try to understand what they are doing and why.”


In describing her strategies, she saw herself as offering services to problematical situations already arisen. That is, when her pupils or herself have identified a problem hindering further activity, then comes the intervention.


If they call me I usually go, if they don’t I just walk around and when I see that they are stuck.... I ask “what’s going on, what’s the problem?”


She further feels the need to “explain” her directedness and the urge to provide pupils with answers, indicating internal conflict on the issue of controlling her interventions.


“Many times the answer comes out naturally, its difficult to hold yourself.”


In the following episode, teacher A intervened on her own accord after a group of two third-year pupils had taken some time reiterating fd 10 lt 15 fd 10 lt 5 and at some point changing to fd 10 lt 10 fd 10 lt 5, in order to construct a planet to go with their rocket project and after the teacher had initially encouraged them to try to make a circular planet not letting them settle for a square one. 


T: “Have you come to some conclusion? (yes) What?”


P: “To make these sides lt 15 and lt 5 and those here lt 10 and lt 5”


T: “Ah, so not to have the same lt everywhere, ok, try it, but can you think beforehand and imagine more or less what shape will come out?”


P: “It will not be exactly a circle. In some parts it will be rather straight”


T: “Ah, then it’s worth thinking about the turnings again, since here (points to screen) with these commands you don’t get large straight bits, but she goes and turns bit by bit, while with these commands you get large straight bits... maybe you should consider the commands again and instead of you getting a long eggy shape with straight bits you can get something more round? Have a look, compare these bits which get you quite a round bit and these which do not get you much of a round bit. Don’t delete old commands, it will confuse you, yes leave them so you can check. To see, for example, what happened there, where we changed the lt’s what changed in the shape? Or where our lt’s were the same, what was the shape like? ”


The teacher’s agenda seemed to have been for the pupils to investigate how to make a circle and to progress to the “right” answer, which she was clearly aware of. Reading her comments gives the impression that she is internally struggling between providing too much information and steering the activity towards constant turns. Even though she will accept constant turns (and not necessarily the classic lt 1 fd 1) as a didactical goal and attempt to not dissociate her intervetion to the pupils agenda for making a planet e.g. by referring to “round” and “egg-like” shapes, she seems “pushed” by the situation - time constraints, poor pupil results, lengthy lapsed time of pupil investigative inertia. She seems to be impatient with the lack of an exploratory culture - she perceives that the pupils do not reflect, check commands against their results of the screen, compare sets of commands, enjoy hypothesising and making an effort to make a more circular shape. So she “tells” them to do so, in one instance. In fact, their agenda seems quite different from the one aspired, or expected by the teacher, and the fact that after this episode they simply ignored the comments, typed a few more commands and went on to write an essay on how great their rocket was (and not a word about the planet) is a clear enough indication. So, in attempting to encourage investigation, the teacher in effect gave a relatively large number of “technical directions” hoping with this one-off intervention to influence pupil activity from then on. 





The quantitative picture


The total number of comments (around 3,500) allowed a quantitative picture to emerge regarding individual or collective information between comments, teachers and year-groups. Three types of analysis were carried out: a) the aggregate relative frequences of all categories for all the teachers as a whole and for all the observed teaching periods of each teacher individually, b) statistical tests for the significance of the distance between individual and aggregate values for teachers and comment characterisations and c) tests for significance in differences between specific categories of interest and amongst teachers for these categories. Some such results are presented at this point. 


�


Table 1: Aggregate relative frequences of comment characterisations (%)


The following observations are made: a) the embedded comments (90%) by far outweigh the disembedded ones, b) there are few motivational comments, implying that there was little need for teacher - prompted motivation, c) we do not have a significant difference between reflective and directive comments on the whole, but have significantly more of the former when it comes to comments with specific reference to maths and logomaths and d) regarding the reflective comments in the latter two categories we have significantly more of those referring to the past. In general, we see a large percentage of comments with no reference to maths (at least 54%), which at least supports justifying the characterisation with respect to the aspect of the learning situation and provides some indication of the nature of the discourse and classroom culture.





In order to investigate individual teachers’ and comment characterisations’ deviations from the aggregate picture, we calculated the expected values (the values corresponding to the aggregate score), did a chi-square test for the differences between observed and expected values and then tested for the significance of each difference individually using a special test taken from biometrics (Haberman, 1973). We then observed the significance of this difference in two ways: “horizontally”, in order to study variations amongst comment categories and “vertically” to do the same with variations amongst teachers. The results show that we have large variations regarding the aspects of the learning situations and insignificant variations regarding intent. For example, in the former comment category, only 1/8 teachers were close to the aggregate for the procedure and group dynamics categories and 4/8 and 3/8 for the maths and logomaths categories respectively. Moreover, regarding these four categories, only two teachers were close to the aggregate in three of them, and three teachers varied significantly in all four. The rest were close only with respect to one aspect. With respect to intent, the picture changes, as shown in table 2, where on the left we have the ratios of teachers with insignificant differences to the aggregate scores and in the centre and right the ratio of intent categories for which each teacher did not vary significantly from the aggregate. 





directive 	5/8 	teacher 3a 	3/3 	teacher 5a 	2/3


reflective 	5/8 	teacher 3b 	1/3 	teacher 5b 	2/3


motivational 	6/8 	teacher 4a 	3/3 	teacher 6a 	2/3


		teacher 4b 	3/3 	teacher 6b 	0/3


Table 2: Cases of insignificant variation from the aggregate scores


Furthermore, as pupil grade increases, the results show a decrease in maths, group dynamics and process, while there is no such trend regarding logomaths. Regarding maths this could indicate that the teachers relate less and less school maths to exploratory mathematical activity as the pupils’ age and the school maths content changes. This may point to the need for further reflection on the part of the teachers on how to help the pupils synthesise understandings emerging from this activity to school content (Hoyles and Noss, 1993). 





Conclusions


We suggest that characterising teacher comments by combining aspects of the learning situation they refer to and kind of pupil activity they intend to encourage is useful, especially with the informative role of their quantitative handling and the illuminating support of qualitative analysis and vignette construction. However, there is need for more focused methodologies for  systematic ways of connecting results from varying methods such as the above. The results describe teaching innovation as acted out and constructed in the classroom by teachers supported by systematic but not intense or directive teacher education. Qualitative analysis supports the view that espoused beliefs can be different to enacted ones, but more importantly, that individuals’ actions may be influenced by belief systems, but not necessarily by one, or in any systematic prescribed or reproducible way. Aspects of the situation, classroom culture and wider culture may have central bearing on activity. Analysis of the characterisations of teacher comments indicate that the teachers had constructed idiosyncratic reflexive pedagogies which as a whole could be characterised by means of the type of pupil activity they intended to encourage, i.e. self-motivated interplay between reflective and directed activity with emphasis on the former regarding references to mathematics. To end, we suggest that providing time slots which can play the role of outlets in the system for trying out alternative methodologies may help generate more reflexivity amongst teachers. 
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