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Summary

In this thesis I present a self-study action research project which looked into ways
to improve my teaching of a college-based education course in the pedagogy of
early childhood mathematics. My desire to change my practice stemmed from a
feeling of dissatisfaction with my teaching of certain aspects of the course, and
from the knowledge that, once they became teachers, many former students did
not put what they had learned in the course into practice. Three major educational
theories influenced the choice of teaching strategies incorporated into my work:
constructivist theory, which is used to inform the teaching of mathematics
pedagogy; situated learning theory, which focuses on the better use of the contexts
in which the course is situated in order to increase its effectiveness; and the theory
of Mediated Learning Experience which suggests ways of looking at interactions
between teachers and students and of increasing the effectiveness of these
interactions.
Chapter I describes the context in which the study took place. Chapter II reviews the
literature on the development of expertise in professional practice and on the three
theories that fonn the basis of my work. Chapter III deals with the methodology and
methods used. The methodology section reviews the characteristics of self-study
action research, the methodological and practical problems of self-study in one's
own classroom and the challenge it poses to validity. The section on methods
describes the methods used to collect and analyze the data. Chapter IV presents
background knowledge regarding previous courses taken by the students involved in
the study and regarding their perceptions and beliefs vis a vis mathematics and
mathematics education. The following three chapters, Chapters V through VII,
present accounts of three college-based modules which form the major part of the
course Didactics of Early Childhood Mathematics Education which is the focus of
this study. These accounts are based on tape recordings, post lesson notes, my
reflective diary and student written responses. Chapter VIII is a critical review and
evaluation of the outcomes of the course vis a vis the perceptions and beliefs of my
students at the end of the year. It includes a review of the literature on developing
beliefs in professional education. Chapter IX summarizes my learning and looks at
the effects that this self-study project had on my teaching after its completion.
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Introduction

OK kids. Time for math. Take out your math books and start working on
page 45. Any questions for now?
OK kids. Time for math. Sit down and I'll explain what you have to do. On
page 35 of your books you'll see there is a table that you have to fill out.
Can anyone tell me what you have to put in the first square? Right, Sari. And
now Yonatan - do you know what has to go in the next square? Can anyone
help him? Good for you, Rafi. Now, has everyone understood? No
questions? Go to your places and work from page 35 to page 37. If there are
any questions I'm here to help.
OK kids. Time for math. Take out your math books and start working. If
anyone has finished the chapter on addition of two-digit numbers come and
show me your books before you go on. If there are any questions I'm here.
OK kids. Time for math. Groups A, Band D - you will continue working
in your books. Group C - I have a worksheet for you to practice the times
table. This mOlning I want to sit with group E. I want to go over with you
what you have to do in the chapter on multiplication before you go any
further.
I have been involved in mathematics education in Israel for more than twenty years.
During that time I have experienced mathematics education from a number of different
angles - first as a general classroom teacher with a particular interest in mathematics
education, later as a mathematics specialist at an elementary school in Jerusalem, and
for the last ten years as a lecturer teaching the didactics of early childhood mathematics
at David Yellin Teachers College. During my time at the college I have also acted as
mathematics supervisor in three elementary schools in the city. At the time that I
conducted this research study the above scenarios were typical of most mathematics
classes in Israel, among them classes in schools where I supervised. Although in recent
years pockets of alternative approaches to mathematics education have begun to develop
in different parts of the country, this style of teaching is still widespread.
The common denominator of all of the scenarios is that children spend their time in
mathematics classes working in a series of \\lorkbooks, beginning on page one in
September and ending with the last page of the last workbook at the end of the year.
The commonly accepted role of the teacher is to explain what has to be done in the book
- and "understanding" by the children means that they know how to do what is
necessary in order to complete each page. Assessment generally consists of the teacher
checking the children's work and the occasional written test (often in anticipation of
parent-teacher meetings). This test is presumed to give a more all-round picture of the
child's mathematical knowledge to date. Taking into account the busy schedule, hectic
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pace and classes of up to 40 children of typical elementary schools in the country, this
minimalistic view of the teacher's role in their pupils' mathematical development

IS

often well- suited to the perceived needs of many teachers.
When we render the conventional as the useful I or rational I, it also becomes
for us "natural", in the double sense of inherent in nature and normal in
culture.
(Sahlins, 1976 in Lave,1988, p. 92)
The expectation held by principals and often parents as well is that children complete
the workbooks reasonably successfully and that they receive a passing grade in
written tests. As such, teachers who are considered responsible vis-a-vis their
mathematics programmes are those who pace the work accordingly. Less
"successful" teachers are those whose pupils, when neming the end of the year, are still
far from having completed the workbooks. In that instance the last month or two of the
school year are given to marathon mathematics sessions in order to do so. If, on the
other hand, the "worst" should happen, i.e., the children have not completed the work
by the end of the year, they are instructed to do so at home during the summer vacation.
The teachers of these children can then console themselves that, from their point of
view at least, they have done their best. This is done in the hope, however faint, that in
this way the children will learn as much as possible of the mathematics that they will
need in the following year.
The challenge and the opportunity of teacher education in Israel has been to effect
change in the way mathematics is taught in our schools. Since beginning my work at the
college, I have been struck by the opportunity I have been offered to reach hundreds of
future teachers and introduce them to a view of mathematics education which
encourages learning based on children's personal knowledge, experience, and interests.
In order to best take advantage of this opportunity, however, my own teaching needed to
be such that it would deeply affect my students' attitudes, perceptions, beliefs and
understandings regarding mathematics and mathematics education.
A number of values that I held came into play here. The first was my commitment to
the education and bettennent of my students. This commitment reflects a belief in the
propensity of human beings to learn, and thus develop and change, not only in what they
know but also in their learning potential - in the actual intelligence with \vhich they will
approach problems of learning in the future (Feuerstein, 1999). As a teacher, it is my
responsibility to teach in such a way that enables this development to occur. Because
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the improvement of my own teaching can help make this possible, I am committed to
make conscious attempts at improving my practice. In addition, I expect, and explicitly
express the expectation, that my students do the same.
Two additional values, in which there seems to be a built-in contradiction, need to be
mentioned here. On the one hand I believe that it is the right of all students to come to
their own conclusions. I believe that t is not my role to tell them what they to believe.
On the other hand, it is my belief that there is a certain kind of education, in which
students are encouraged to construct their own understandings, that has the greatest
potential to result in the deep and meaningful learning that will allow them to come to
well-based conclusions, rather than retain unexamined beliefs based on previous
experience. As such, I am interested in my students arriving at conclusions regarding
education that are based on the literature that I deem important, and that are therefore
somewhat similar to my own. Although it would seem that as a teacher of teachers a
commitment to a professional view of education that can ensure teaching of the highest
quality (Buchmann, 1986) is my major responsibility, the contradiction between my
desire to allow them to come to their own conclusions and my desire for them to to
choose the kind of education that I consider to be best was, and to some extent continues
to be, a continual source of discomfort for me in my work.
From reactions of students at the college, and from echoes heard from teachers who
had formerly been my students, I was aware of having attained a certain amount of
success in introducing an alternative view of mathmeatics and mathematics education.
Nonetheless, I was far from satisfied. Too often I would receive word of forn1er
students who, as pre-school teachers, had made only marginal use of their learning in the
course, or, as first- or second-grade teachers, had succumbed to the mode of
mathematics teaching characteristic of the schools in which they worked. In addition, I
,vas keenly aware of the fact that I was unable to point to specific reasons that had
caused a certain lesson that I taught to be particularly successful or unsuccessful. Having
had an extremely successful and rewarding experience in my first year of college-level
teaching, I can remember feeling nervous and unsure of my ability to achieve similar
success a second time round.
In addition to this, was my awareness of the gap that existed between educational
principles to which I adhered and the character of much of my actual teaching. While I
believed strongly in the importance of learners actively building their own knowledge, I
often found myself attempting to 'provide them with infonnation' through lecturing. In
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this instance, as with that of my inability to consciously repeat successful teaching
practices, I felt that I did not have the tools which could allow me to look critically at
what I had done: to analyze, understand and improve my practice. I needed these tools
to provide me with a feeling that I had control over my work, to allow me to live my
educational values more fully.
When I was first introduced to the idea of action research, in a lecture given by the
director of our college in 1996, I was impressed by the potential that this research
approach might have for helping me to develop those tools that I was lacking. A number
of months later I joined a programme of studies at The University of Sussex which
provided me with the opportunity to carry out an action research project. The goal of
my project was to improve my functioning as a teacher of the didactics of early
childhood mathematics in order to broaden and deepen the educational influence of the
course. This would hopefully allow me to contribute more significantly to the reform
of mathematics education in the country. Although my sights were always set on this
wider goal, this was at base a self-study project (Whitehead, 2000): I was interested in
looking at and developing my own practice.
In order to achieve these goals I first turned to three major educational theories, each of
which offered ways of looking at education which I felt to be crucial for the
improvement of my practice, and which therefore strongly influenced the choice of
teaching strategies to be incorporated into my action research. These were:

* social

constructivist theory as expounded and developed by researchers in the area of

mathematics education, primarily Cobb & Yackel, ( 1996, 1998), Ball, (1988, 1990a),
Simon (1995), and Carpenter & Fennema (1992).

* the theory of Mediated Learning Experience (Feuerstein, 1991, 1997)
* situated learning theory, as developed by

Lave (1988, 1996), Brown et al. (1989) and

Rogoff (1990).
The Contributions of this Research
Although some have seen the above theOlies as conflicting and therefore incompatible
(Lave, 1988; LeITI1an, 1994), my understanding of their relevance and importance for
my practical work compelled me to incorporate them both into my teaching while

5

attempting to integrate them theoretically. Eventually I began to understand that as a
practising teacher I could not be locked into one complete, consistent and exclusi,'e
(excluding) theoretical framework which rejected others as being theoretically
conflicting or inconsistent. Rather, the search for solutions to the difficult and diverse
problems of teaching cries out for inclusiveness and integration, allowing the utilization
of vaIied points of view to the benefit of multi-faceted human situations.
An additional factor con1Iibuting to the inadequacy of anyone, or any combination of,
existing theory for practical work is pointed to by Schon (1983) in his formulation of the
concept of 'technical rationality', the tenn he uses for the applied science view of the
relationship between theory and practice. In this Schon holds that research-based
theoretical knowledge cannot be applied unproblematically to real-life practice, and
cannot adequately account for the expertise that characterizes the practice of competent
professionals.
The eventual outcome of my attempts to solve the practical and unique problems of my
teaching has been the development of my own personal, practical theory related to
effective teaching. This, my 'living educational theory' (Whitehead, 1993), incorporates
research-based theories while going past them and relating specifically to my own
understandings derived from and through my actual teaching. The theory thus
developed, which continues to change and develop as it is constantly informed by new
practical and theoretical knowledge, both guides my practice and allows me to
gradually and continually reduce the gap between it and my principles. The way in
which I have understood the necessity of theoretical inclusiveness in professional
practice, as well as the reflexi ve view of the connection between theory and practice in
practitioner research, may be seen to be contributions of this dissertation to both theory
and practice in the field of practitioner research. In addition, the implications of my
work may be seen at two additional levels: that relating to the ways in which a preservice course in mathematics education can have greater educational influence on the
personal theories of future teachers of early childhood mathematics and that pertaining
to the theory and practice of teacher education in general.
At the first level, in anticipation of the explicit theoretical understanding described
above, my attempts to increase the educational influence I had on my students' leaming
and on their development as teachers led me to take into account factors relating to
the students as complete entities, as human beings whose cognitive, social, emotional
and professional development are intimately interconnected one with the other. Taking
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into account these facets of human makeup may be seen to be all the more crucial when
dealing with the subject of mathematics as it is approached by the almost exclusively
female population characteristic of early childhood education. The cognitive, social and
emotional difficulties so often experienced by these students in their previous e:\perience
with mathematics, along with the cultural mores relating to the essence of mathematics
and the ways in which it should be taught, often determine an attitude towards
mathematics education that is narrow and inflexible, and far afield from contemporary
professional understandings of good practice.
As in all things, teachers' theories of what mathematics and mathematics education are,
are bound to affect their practice (Claxton, 1984). In my research I have clarified ways
in which I can provide my students with the opportunity to experience mathematics and
its teaching as relevant, interesting and important, both for themselves and for their
future pupils. Simultaneously, I encouraged them to use their growing pedagogical
understanding to look cortically at mathematics curricula as well as to reflect deeply
and critically on their own work as teachers of mathematics. These opportunities for
reflection allowed them to integrate the theoretical knowledge they were being
introduced to, with their practice as student teachers of mathematics, thereby beginning
to develop more informed personal theories (ibid.) regarding mathematics education.
At the second level, from the point of view of teacher education in general, this thesis is
a contlibution to the case literature in teacher education which will allow teachers to
have access to richly developed p0l1rayais of the practice of teacher education. Shulman
(1992) sees the importance of this case literature, presently extremely limited (Wood &

Giddes, 1999), as providing precedents, prototypes and parables which can be used by
teacher educators to develop their practice. This is in contrast to the theoretical,
research-based knowledge generally available to teacher educators.
Summary
This research illustrates the development of cuniculum and classroom management
techniques to be used in college-based courses in pedagogy which may help to solve the
dilemma of practical courses given at a distance from the actual field of the classroom.
It shows ways in which the particular contextual settings of these courses may be

utilized to increase the relevance of courses that are often considered to be theory-laden
and disconnected from the field. It suggests ways of of teaching which are inspired by
constructivist theory, thus providing practical suggestions for improving the quality of
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learning in college-based education courses. It also demonstrates the use of Feuerstein's
theory of Mediated Learning Experience as a way to improve the focus and increase the
effectiveness of learning opportunities offered in college-based education courses, as
well as a tool to be used in the anal ysis and critique of teaching practices and teacherstudent interactions. Although the subject matter discussed here is that of early
childhood mathematics education, many of the problems dealt with, such as relevance,
an over emphasis on theory, and the physical separation from the field of college-based
courses, are relevant for classes given at a variety of levels and in different curriculum
areas, such as early childhood education in general, mathematics education in general,
science education, and additional subject areas as well. The contribution to teacher
education, therefore, is wider than the context of early childhood mathematics education
alone.
My goal in this project was to find ways to increase the educative influence of a course
in early childhood mathematics education on my students' learning. The high level of
student involvement that developed enabled many of the students to significantly
change their perceptions and beliefs regarding mathematics, mathematics education, and
their role as teachers of mathematics. These personal theories developed during the
course of the year will hopefully ensure long-term commitment to an innovative
approach to mathematics education. My primary concern at the beginning of the
project was with the development of pedagogical content knowledge (Shulman, 1987).
As the research progressed, however, the focus of my work began to change. At first I
turned my attention from the ways in which I encouraged the development of the
pedagogical knowledge of the individual to the ways in which the course supported the
development of pedagogical norms among the participants. These nonns seemed to be a
crucial factor in establishing the students' openness to new ideas. Finally, however, in
accordance with my goal of influencing the future practice of the individual teacher, my
focus tUIned once again to the individual, this time looking at the ways in which the
course, including the non11S that developed among the students, contributed to the
development and modification of individual beliefs and attitudes. The endlessly
dynamic spiral of reciprocity between knowledge and beliefs, became salient to my
research.
This thesis reports an action research project which was canied out during the 19971998 school year. In terms of subject matter introduced, the year was divided into three

modules. Three major action strategies were introduced during this time, one following
the other, each becoming the focus in accordance with the character of the subj ect
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matter of that particular module. The thesis is structured in a similar way: after
providing the background and the theoretical framework of my work, I present each of
these modules and their accompanying modes of work. Finally, I evaluate the year as a
whole, and relate it to work in the field.
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CHAPTER ONE
BACKGROUND AND RATIONALE
Mathematics Education in Israel

Israel is a small country of approximately six million inhabitants. The education system
here is centralized - there is one ministry of education that is responsible for the
education in all the public schools in the country. Because of the small size of the
country and the lack of resources, neither the public education system nor private
enterprise support a wide variety of mathematics programmes and textbooks. In 1971
the Baron de Rothschild Foundation established the Institute for Educational
Technology, a centre for curriculum development whose mandate was to create
materials in all areas of elementary school education. Among those curriculum
materials was a series of mathematics textbooks (One, Two and Three) which covered
the whole range of the elementary mathematics curriculum. This series was developed
in cooperation with the curriculum deVelopment department of the education ministry.
Over a period of 25 years, this mathematics scheme gradually took over the
mathematics education of almost the entire elementary school system in the country. By
1999 almost 95% of all elementary school pupils in the country were using this textbook
series (Kom, 1999 - personal communication). Other than a number of very old
mathematics schemes that continued to be used by a few scattered teachers, there was
only one other mathematics scheme available for use in the first and second grades.
Because this scheme did not include work at all the elementary grade levels, and
therefore did not provide a solution to the entire school's mathematics programme, it
never become widely used. It is only in the last two or three years that a number of new
schemes have been developed and are beginning to be used in schools in Jerusalem and
elsewhere in the country.
The approach which informs the One, Two and Three series, is what is called in Israel
a "structured approach", (Nesher, 1982, in Hebrew). According to this approach the
only manipulatives used to represent mathematical ideas are those that are built in
accordance with the mathematical structure of the subject. The use of counters and/or
fingers in beginning arithmetic is discouraged, as children are assumed to know how to
count by the time they enter first grade, and the developers of the scheme are interested
in freeing them of the need to count (Nesher, 1999). Instead, the children are provided
with Cuisenaire Rods, coloured rods with no dividing lines, whose different lengths are
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meant to represent the numbers from one to ten. The smallest rod, a one centimeter
cube, is white, and represents the number one, with a different colour representing each
of the subsequent numbers. The longest is the orange rod, which is ten centimeters long
and represents the number ten. The rods are virtually the only manipulative used by
the scheme in the study of all four whole number operations, with one other
manipulative being added for the teaching of the base ten system. In spite of this
no-counting policy, because of difficulties experienced by many children with this
approach, in recent years the developers began to include stickers that can be affixed
to the rods on which are stamped black dots which can be counted. These are only to be
used by children who have extreme difficulty in working with the unmarked rods.
Teachers' reactions towards the scheme are varied. Although frustrated by the unclear
meanings and purposes behind many of the instructions given to both teachers and
children, many are willing to accept the situation in order to enjoy the convenience of
having a workbook the children can use. The text, written by mathematicians who
presumably know their subject and therefore what is best for children, gives them a
feeling of secUlity. If they do what is prescribed, they assume that the children will
learn what is necessary for them to learn. These general classroom teachers, almost
always women, are responsible for teaching mathematics as well, in spite of the fact
that many of them were not particularly successful in their own careers as mathematics
students. Who are they to presume that they should know better regarding their pupils'
mathematics education? They therefore hand over responsibility to the writers of the
mathematics scheme, and assume the caretaker role of ensuring that the children
complete the pages in the workbooks at least reasonably correctly.
The approach of the developers of the scheme is one which focuses on the mathematics
to be learned rather than the way in which children learn mathematics. My own
approach, based on the mathematics reform literature as well as my years of experience
teaching children, is one which looks at children's thinking and encourages the
construction of their own mathematical understandings. This approach is in direct
conflict with that of the developers of the scheme. This was the backdrop to my teaching
at the college.
Recent international comparative studies carried out by the American government (the
TIMSS evaluation project) showed that fourth grade and eighth grade children in Israel
came well behind their counterparts in many other developed nations (TIMSS, 1995,
1999). This result would seem to corroborate my feeling that the approach towards
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teaching mathematics described above does not fulfill many of the criteria that would
characterize effective teaching.

The TIMSS study has been instrumental in effecting change in mathematics education in
Israel. The writers of the new country-wide mathematics curriculum, Curriculum
2000, that has been in preparation over the last few years, attribute the change in its
approach to mathematics education partly to the TIMSS study:
The international tests (TIMSS) that compared [the mathematical
achievement of] different countries caused the teaching of mathematics [in
Israel] to become the focus of public interest. The fact that Israel is not
among the countries with the highest levels of [mathematics] achievement
guided the work of the writers of the new curriculum.
(Introduction to Curriculum 2000)
Although research into mathematics education is well-developed in Israel, it was public
outcry that gave legitimacy to both the complaints of many mathematics teachers and to
the desire of researchers of mathematics education to significantly change the nature of
mathematics education in the country. In hindsight it is possible to say that my own
course in mathematics education may have contributed to the quickening pace of
change in mathematics teaching in the country that is apparent today.
The Problem of Teacher Training

In the last thirty years a model of mathematics teacher training has developed which is
based on the same constructivist principles that inform mathematics work done with
children (Ball, 1990a; Simon, 1995). This model has either pre-service or in-service
teachers participating in the same kinds of mathematical inquiry and problem-solving
that characterize the work with children in constructivist oriented classrooms. The
advantages of this kind of work with teachers are numerous - teachers have the
opportunity to learn about mathematics in a way that, for many, is very different from
the ways in which they were taught as children. Thus, simultaneously, they learn
mathematics material in a more meaningful \vay than they had until now, they
experience first-hand the kind of work that they themselves can put into practice in the
classroom, and they can use the teacher educator as a role-model in learning to
implement these kinds of classroom activity. It seemed, as such, that a successful
model of teacher education had already been found, and it was with this kind of
personal experience of mathematics teacher education, which had been influential
enough to determine the whole course of my teaching career, that I began my work at

12

the college.
However, the course that I was teaching was a didactics course aimed at future early
childhood teachers, teachers who would be working with children between the ages of
four and eight. During my first year of teaching at the college, I became aware of the
difficulty of implementing, in this context, the model of teacher training that I had
experienced till then. The kinds of activities appropriate for very young children are
often not suitable for use with adults. As a result, I found myself often lecturing to my
students about children's ways of thinking or about activities appropriate for this age
level, rather than having my students actively participate in mathematical activity. This
situation caused me much concern and a strong desire to find better solutions to the
problem than those I succeeded in devising at the beginning of my career as a collegelevel teacher.
An additional problem of teacher education caused me equal consternation. The
literature is ripe with examples of ways in which various socializing influences
counteract the effects that teacher education courses and programmer hope to have on
their students. One of these influences is the previous experience that future teachers had
as pupils themselves (Lortie, 1975; Ball, 1990a; Lacey, 1977).
" ... their experiences have often persuaded them that mathematics is a fixed
body of rules, a dull and uninteresting subject best taught through
memorization and drill and that they themselves are not good at math. They
have developed the idea that mathematics teaching involves giving
directions about what to do, assigning work, and, as one of my students
wrote, 'sit at the desk and wait for people to come up for extra help or to get
their papers checked'. Consequently, prospective teachers, equipped with
vivid images to guide their actions, are inclined to teach just as they were
taught. "
(Ball, 1990a, p. 12)
Another influence that research has noted is that of the schools in which novice
teachers find themselves when they begin their professional teaching careers (Zeichner,
1980; Zeichner & Gore, 1990) It has been found that these teachers become quickly
socialized into existing norms of practice in the schools, forsaking many of the
principles and ways of acting that they had developed during their student teaching
expenences.
In my own experience, I had often come across situations where students ""ho had
studied with me in the past, when beginning to work in the field either as student
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teachers or as novice teachers in their own classrooms, revel1ed to the use of workbooks
in much the same ways as the scenarios described at the beginning of the introduction.
Equipped with this awareness, one of my aims for my action research was to make a
systematic effort to take responsibility for my students' learning - to find ways to
develop the tools and conditions which would help ensure the carryover of the work
we did in the course to the students' future teaching placements. The work I had done
until now had been based on a mathematics teacher education paradigm which, although
offering many advantages, had proved insufficient in the context within which I was
teaching. With this in mind, I incorporated three educational theories into my work:
constructivist theory, which sees learning as a process in which the individual must
take an active role in the creation of his or her knowledge; situated learning theory,
which focuses on the place of context and social interaction in the learning process; and
the theory of Mediated Learning Experience which looks at the role of the mediator in
the individual's development of his or her knowledge. By aligning my work more
closely with the precepts of these theories, I hoped to develop a mode of teaching
which would lead to more sustainable results.
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CHAPTER TWO
LITERATURE REVIEW
PRE-SERVICE MATHEMATICS EDUCATION
Inquiry into the potential influence of pre-service early childhood mathematics
education on the subsequent practice of students must examine three major contributing
factors: the content and context of what needs to be taught and learned, the ways in
which learning takes place, and the ways in which teaching can influence present
learning and future practice. The knowledge base deemed necessary for a teacher to
begin teaching mathematics at any level is dependent on conceptions of education,
conceptions of mathematics, views of the way learning takes place, beliefs regarding the
ability of different kinds of people to learn mathematics, and more.
The Professional Standards for Teaching Mathematics (NCTM, 1991) arose from the
reform view of mathematics teaching as expressed by the National Council of Teachers
of Mathematics' Curriculum and Evaluation Standards published in 1989 (NCTM,
1989).
Central to the Curriculum and Evaluation Standards is the development of
mathematical power for all students. Mathematical power includes the
ability to explore, conjecture, and reason logically; to solve nonroutine
problems; to communicate about and through mathematics; and to connect
ideas within mathematics and between mathematics and other intellectual
activity. Mathematical power also involves the development of personal
self-confidence and a disposition to seek, evaluate, and use quantitative and
spatial information in solving problems and in making decisions. Students'
flexibility, perseverance, interest, curiosity and inventiveness also affect the
realization of mathematical power.
(NCTM, 1991, p. 1)
This view of mathematics and mathematics education, to which I, too, subscribe,
fostered six standards for the professional development of teachers (NCTM,
1991, p. 123):
1. Experiencing Good Mathematics Teaching.

As discussed above, in Israel as well as

in many parts of the world, the mathematics experienced by most future teachers
during their career as schoolchildren is largely at odds with the spirit of this new view
of mathematics and mathematics education. One of the functions of the didactics class,
therefore, is to allow students to experience a different kind of mathematics teaching,
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one where the learners are actively involved in meaningful mathematical thinking and
activity, and in which all students can participate and succeed. It would seem
reasonable to expect that a teacher could not teach a new kind of mathematics if s/he
had not first experienced that kind of learning first-hand.
Our vie~ of mathematic':llle~rnin~ influen~es how we think about teaching.
If we b~l~eve th~t educat~on IS mamly learmng facts and procedures quickly
and effIcIently, If we belIeve that only certain students need or can learn
mathematics, or if we believe that people are born with the ability to do or
not to do mathematics, then our view will conflict with the development of
understanding.
(Lindquist, M.M. 1997, p. xiv)
Part of the mandate of this didactics course, therefore, was to allow my students to
experience alternative ways of learning mathematics.
2. Knowing Mathematics and School Mathematics. The lack of knowledge of

mathematics content would seem to be one of the major reasons that teachers are often
so willing to turn over responsibility for their mathematics curriculum to textbook
writers who have no knowledge of their students or the contexts within which they teach
and learn. The degree to which teachers feel comfortable with and confident about
teaching mathematics affects both what and how they teach. Compounded with this, and
somewhat contradictory to it, is the fact that early childhood teachers are often not
aware that there is mathematical knowledge or knowledge of school mathematics which
could be useful to their teaching. Students often begin didactics courses believing that
ail they need are a few teaching tips to help them teach what they already know .
... the importance of seeing themselves as subject-matter experts is not
emphasized to teachers- especially teachers in the early and middle grades:
they fall into believing the old saw that "those who can, do. Those who
can't, teach." Teachers are not encouraged to seek the knowledge and
understanding that would allow them to teach academically rigorous
curricula.
(Bransford, Brown & Cocking, 1999, p. 8)

In order for a teacher to impart subject matter content in a way that will be meaningful
for students, the content must be meaningful to the teacher. The question arises,
particularly in the case of early childhood teaching, as to what content knowledge is
necessary for the teacher in order to achieve this goal. Leinhardt et al. (1991) make it
clear that one does not have to be a mathematician in order to teach school-level
curriculum.
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We do not mean the knowledge of advanced topics that a mathematician
might have. The point here is that a teacher will not become a better teacher
simply by taking in~rea~ingly more advanced math courses in topics such as
Chaos (although thIS mIght go a long way toward increasing love of
mat~ematics), but w~ll b~com~ better if the depth of knowledge about a
partIcular school tOPIC ... IS ennched. This deep knowledge includes
knowledge about ways of representing and presenting content in order to
foster student learning or construction of meaningful understanding.
(Leinhardt et aI., 1991, p. 88)
Shulman stresses the importance of understanding the structure of the content. He
cites Schwab's (1978) construct which includes both substantive and syntactic
structures.
The substantive structures are the variety of ways in which the basic
concepts and principles of the discipline are organized to incorporate its
facts. The syntactic structure of a discipline is the set of ways in which truth
or falsehood, validity or invalidity, are established ...
Teachers must not only be capable of defining for students the accepted
truths in a domain. They must also be able to explain why a particular
proposition is deemed warranted, why it is worth knowing, and how it
relates to their propositions, both within the discipline and without, both in
theory and in practice
(Shulman, 1991, p. 9)
Although the course I was teaching was a course in mathematics pedagogy, the
mathematical knowledge of this population of student teachers is often insufficient. It
was incumbent on me, therefore, to address mathematical content knowledge as well.
Because the course dealt with early childhood, however, the focus was on providing a
deeper understanding of those mathematics topics more immediately relevant to the
learning of small children. To the extent that this subject matter could be taught in
novel ways that were in keeping with the spirit of the new view of school mathematics,
the impression that their study left on my students could be a first step in their
understanding the novelty of this approach. This could begin to raise their awareness of
the many ways in which their prior understandings of both mathematics as a discipline
and school mathematics needed to critically evaluated, modified and augmented.

3. Knowing Students as Learners of Mathematics. The NCTM document holds that in
order to teach mathematics to young children it is imperative to know how they think,
what their interests are, and what prior experiences they have had of mathematical
situations.
The study of general principles of teaching and learning is insufficient for
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teachers of mathematics because it does not include consideration of the
nature of mathematics and of current research on children's mathematical
thinking and its implications for instruction.
(NCTM, 1991, p. 144)
Traditional mathematics teaching most often views mathematics as a body of external
knowledge to be passed on to the learner. Constructivist theory, on which the NCTM
recommendations are based, challenges that view of mathematical knowledge by
holding that any reality can only be known through the eye of the learner. Learning is
and must always be based on our own prior experiences and understandings.
Constructivism derives from a philosophical position that we as human
beings have no access to an objective reality, that is a reality independent of
our way of knowing it. Rather, we construct our knowledge of our world
from our perceptions and experiences, which are themselves mediated
through our previous knowledge.
(Simon, 1995, p. 115)
Teachers can begin to understand the importance of seeing mathematics learning as the
reinvention of mathematics by each individual (Kamii, 1985) by becoming aware of the
richness and diversity of children's mathematical thinking. Until then they will continue
to teach mathematics by giving the children techniques and algorithms which allow
them to solve problems without thinking or understanding.
4. Knowing Mathematical Pedagogy. This NCTM standard points to teachers'

knowledge of and ability to use and evaluate instructional materials and resources, ways
of representing mathematical concepts and procedures, instructional strategies including
classroom discourse, and ways of evaluating children's mathematical understanding. In
my eyes, this fourth standard would seem to include but go beyond the first three. It is
only through having experienced good mathematics teaching, understanding the nature
of mathematics and school mathematics, and understanding their students as learners
that a teacher can develop an understanding of mathematical pedagogy. Shulman
(1986a, 1986b) calls this knowledge "pedagogical content knowledge", knowledge
which
... goes beyond knowledge of subject matter per se to the dimension of
subject matter knowledge for teaching. I still speak of content kn~wledge
here, but of the particular form of content knowledge that embodIes the
aspects of content most germane to its teachability ...
Pedagogical content knowledge also includes the understanding of what
makes the learning of specific topics easy or difficult~ the concept~ons ~nd
preconceptions that students of different ages and backgrounds brIng \\'lth
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them to the learning of those most frequently taught topics and lessons. If
those preconceptions are misconceptions, which they so often are, teachers
need knowled~e of the strategies most likely to be fruitful in reorganizing
the understandmg of learners because those learners are unlikely to appear
before them as blank slates.
(Shulman, 1986, pp. 9-10)
Leinhardt (1991) discusses these same points, but calls them subject-matter knowledge:
This deep knowledge ... also includes knowledge of what the students bring to
the learning situation, knowledge that might be either facilitative or
dysfunctional for the particular learning task at hand. This knowledge of
students includes their strategies, prior conceptions (both "naive" and
instructionally produced), misconceptions that students are likely to have
about a particular domain, and potential misapplications of prior knowledge.
(Leinhardt, 1991, p. 88)
This difference in terminology emphasizes the extent to which Shulman's construct of
pedagogical content knowledge incorporates all of the first four professional standards
cited to date. It, along with the continuing professional development of my students as
teachers as depicted in the two final NCTM standards, were the two main foci taken into
account during the course of my research.
The final two standards have to do with the role of teacher education in the development
of teachers' pedagogical content knowledge and the role of teachers' own continuing
efforts to learn and develop.

5. Developing as a Teacher of Mathematics. This standard refers to the opportunities
that need to be provided for pre-service and in-service teachers to observe, analyze and
evaluate their own assumptions about the nature of mathematics, a range of approaches
to mathematics teaching, and the appropriateness and effectiveness of their own
teaching. It also refers to the 0ppOliunity to work with diverse individuals or groups of
students with guidance from mathematics education professionals.
This standard addresses issues that are at the heart of teaching. The goal of
teacher education is to "light the path" for those who follow, providing
directions on how to plan and teach mathematics. It is the practice of
teaching, the growing sense of self as teacher, and the contmual
inquisitiveness about new and better ways to teach and le~rn that ser~e
teachers in their quest to understand and change the practice of teachmg.
(NCTM, 1991, p. 160)

Civil (1993) shows that for students taking a course similar in conception to my o\vn,
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both the students' view of mathematics and their concern about teaching mathematics in
an actual classroom reality perceived by them as being at odds with what was taught in
the course, made it difficult for them to change their views of mathematics education. I
envisioned three major ways to facilitate change in their views. The problem as
presented by Civil was the major focus of my work, which I addressed through the use
of mediated constructivist-inspired work on the pedagogy of mathematics and attempts
at situating my students' learning to the greatest extent possible.
6. The Teacher's Role in Professional Development. This standard refers to the
responsibility that teachers accept for their own professional development. It refers to
the continuing examination of their own present practice and possible alternative
approaches through experimentation, reflection, discussion with colleagues, and reading
the professional literature. My own course could contribute to this future development
by encouraging the critical appraisal of both their own work and that of others
working in the field of mathematics education, and by enabling them to experience the
satisfaction and excitement that comes with struggling with new educational ideas and
recognizing the place these ideas can have in their own educational framework.
BECOMING A PROFESSIONAL

Much research has been done on the professional practice of experts in a variety of
domains - from that of master chess players to that of expert athletes and musicians.
Among the many reasons to look into expert practice, its relevance for this research
project lies in both the idealized pictures as well as the realistic models of effective
teaching that it can provide.
The perfonnances of experts, though not necessarily perfect, provide a place
to start from when we instruct novices. The experts' perfonnance provides
us, as Glaser (in press, a) has noted elsewhere, with a temporary pedagogical
theory, a temporary scaffolding from which novices may learn to be more
expert.
Another reason to study experts is that they sometimes provide exemplary
performances from which we can learn.
(Berliner, 1986, p. 6)
I have chosen to look at those characteristics of expert practice that are relatively easy
to observe, discussing the possible reasons for the development of these features, and
then to show how these understandings may be helpful in suggesting improved practice
in pre-service teacher education.
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From the literature which has looked at expert-novice differences in teaching as well
as in other domains it is possible to classify expert teacher practice into three major
categories:
*the way in which experts perceive and interpret classroom events and data
*the automatic character of much of expert teaching
*the relative flexibility of their teaching which, nonetheless, is constrained by
relevant infonnation of students, subject matter, and environment

Expert and Novice Information Gathering

The classroom is a setting containing a plethora of infonnation about students,
cuniculum, and context that must be taken into account by the teacher. It follows that
the ability to function as a teacher in this complex cognitive domain (Leinhardt &
Greeno, 1986) is a significant achievement. Berliner indicates, while possibly
underestimating this complexity:
We have decided from observation and reflection that two large domains of
knowledge must be readily accessed to be an expert pedagogue. We have
stipulated these two domains of knowledge to be subject matter knowledge
and knowledge of organization and management of classrooms ... at least
[these] two complex and extensive knowledge domains must be integrated at
all times ...
(Berliner, 1986, p. 9)
The literature shows that expert teachers, as opposed to novice, more efficiently
perceive and interpret infonnation about their students (Calderhead, 1986), about the
classroom environment (Carter et aI, 1988; Berliner, 1994), and about unexpected
occurrences (Berliner, 1994, Tan, S., 1997). Carter et aI, (1988) found expe11s to be
more selective in their attention to classroom events, and to focus their reflections on
student understanding and on their instructional goals. They seem to have a better sense
of what was typical, and therefore are able to ignore information less relevant to the
educational goals of the lesson.
Peterson and Comeaux (1987), in a study which compared novice and expert high
school teachers in their recall and analyses of problematic situations in their teaching,
found that experienced teachers more often discussed problems in tenns of principles
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and procedural knowledge of the classroom, gave more elaborate answers to
interviewers' questions, and gave more justifications for instructional decisions or
comments that they made regarding their teaching. Experts were also found to more
frequently make hypotheses based on available evidence (Berliner, 1986).
Because experts have a rich repertoire of instructional activities, they are more efficient
in their lesson planning. They plan in detail where needed, but not when they have
readily available curriculum scripts or explanations (Leinhardt et aI., 1991).
Explanations for Differences
There have been a number of explanations put forward for these observed differences
between expert and novice teachers. One of these is that expert teachers have betterdeveloped knowledge structures relating to classroom events. Teaching, a complex
cognitive skill (Leinhardt & Greeno, 1986), may gradually be developed and refined
through increased experience. This development is expressed in the form of schemata
that are built up by finding patterns and seeing relationships between events and
concepts that are met in the course of teaching. In this way knowledge of teaching is
formed into chunks of infonnation which form complex hierarchic stnlctures (Schempp
et aI., 1998). These structures may be easily perceived and accessed, thus freeing the
individual to perceive and take into account increased amounts of information, including
occurrences that may previously have gone unnoticed.
Berliner (1994) focuses his discussion of experts' ability to perceive and recognize
infonnation in classroom teaching in two directions. First he looks at the store of
patterns that experts have built up through long and rich experience of interactive
teaching. This pre-existing organization of information facilitates the present perception
of patterns, allowing the teacher to connect present information with a readily available
range of prior understandings.
It is ... said that experts have extraordinarily fast and accurate pattern
recognition capabilities. These recognition skills appear to act like schema
instantiations. The recognition of patterns reduces the cognitive processing
load for a person. Sense is instantaneously made ...

(Berliner, 1986, p. 11)

From Berliner's description of this ability it would seem as though experience may be a
prerequisite for this kind of perception:
We regard the reading of a classroom, like the reading of a chess board, to be
in part a pattern recognition phenomenon based on hundreds and thousands
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of hours of experience.
(ibid .)

Doyle (1977), however, in a study comparing the teaching of more and Jess successful
student teachers, shows that there are student teachers who do, to some extent at least,
display this ability .
... successful student teachers tended to classify individuals in tem1S of their
potential for disruption , kills in classroom ta ks, inclinations to participate
in lesson activities, etc. They seemed to know that the movement of some
students around the room to secure supplies or sharpen pencils could be
ignored whereas the movement of other students required careful
monitoring.
(Doyle, 1977, p. 54)
Doyle, although pointing to this variability in the work of student teacher, does not
suggest ways of encouraging the development of this kind of perception that may be
useful for teacher educators . One of the purposes of my research was to inve tigate what
these ways might be.
Berliner's second focus is on the greater likelihood that experts have of connecting
present phenomena with pedagogical concepts. He shows how expert teacher are more
cognizant of information which has instructional significance, and atlributes this to the
concepts and principles they use to impose meaning on classroom phenomena. Doyle
again sees this ability as existing in certain tudent teachers as well, and explains it by
referring to their chunking and differentiation abilities. Chunking refers to the
classification of infom1alion into categories that can then be acce sed as single chunks
of information rather than as individual pieces . It reduces the load on the hort-term
memory capacity of the teacher, freeing her or him to attend to addi tional information .
Differentiation refers to the capacity to grasp the relative significance of pieces of
infonnation.
In sum, succes ful student teachers rransfon11ed the complexity of the
cnvironment into a conceptual system that enabled them to interpret discrete
events and anticipate the direction and now of classroom activity.
(ibid .)
Yinger (1987) refer to the development of the ability to perceive and interpret
infom1ation as the development of a language of practice. He points out the imporlance
of viewing professions as culture with their own shared "perceptions, conceptions, and
acceptable actions" (p. 295).
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... a language of practice is a set of integrated patterns of thought and action.
These patterns themselves constitute a kind of syntax and semantics for
action. The words and phrases in this language are behavior, activities and
routines. As such a language of practice is usually found in a practitioner's
action rather than in one's speech. It is not heard, but seen and felt.
(Yinger, 1987, p. 295)
Livingston and Borko (1989) characterize this complex knowledge of teachers as
pedagogical reasoning and pedagogical content knowledge, in which subject matter
knowledge is integrated with an understanding of teaching and thus transfonned into
"fonns that are pedagogically powerful and yet adaptive to the variations in ability and
background presented by the students" (p.1S). As mentioned earlier, pedagogical
content knowledge incorporates subject matter knowledge with knowledge of children
and classrooms.
Within the category of pedagogical content knowledge I include, for the
most regularly taught topics in one's subject area, the most useful forms of
representation of those ideas, the most powerful analogies, illustrations,
examples, explanations and demonstrations - in a word, the ways of
representing and formulating the subject that makes it comprehensible to
others. Since there are no single most powerful forms of representation, the
teacher must have at hand a veritable armamentarium of alternative forms of
representation, some which derive from research whereas others originate in
the wisdom of practice.
(Shulman, 1986a, p. 9)
Automaticity

There would seem to be at least two different ways in which expert practice appears to
be automatic. The first is in connection with routine procedures that repeat themselves
many times and result in seemingly effortless, unthinking performance. Leinhardt &
Greeno (1986) compared the opening homework review of expert and novice
mathematics teachers and showed how the expert, as opposed to the novice, was able, in
less time, to get all the homework corrected while checking attendance, ascertaining
which students had completed the homework, and determining which students were in
need of help. Experts seemed to have routines that were so well-practised that they
gave the impression of working out of habit. Ha\vkins & Sharpe (1992) analyzed and
compared videotapes of expert and novice physical education teachers and found that
experts more frequently used repeating chains of behaviour. Berliner (1994) reports a
study in which novice, advanced beginner and expert teachers were asked to teach a
lesson on probability to a group of students that they were not familiar with. The expert
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teachers were not happy about taking part in the task partly because they did not have
the chance to establish routines of behaviour with this new group. It seems that they
were aware of the importance of routine in the teaching of smooth-flowing lessons.
The well-practised routines of expert telegraphers, surgeons, ice-skaters,
tennis players, and ~oncert pianists (Bloom, ~986), no less than expert
teachers, are what give the appearance of flUIdity and effortlessness to the
performance of experts. What looks to be so easy and seems so clumsy for
the novice is the result of thousands of hours of reflective practice, ~
experience from which learning derives.
(Berliner, 1994, p. 14)
The second way in which experts' practice seems to be automatic is in the fluidity of
their response to unfolding events in their classroom teaching (Schempp et aI,
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Berliner, 1986; Eraut, 1994). Dreyfus & Dreyfus' (1986) description of expeliise
provides an additional description of automaticity:
For the expert, not only situational understandings spring to mind, but also
associated appropriate actions. The expert performer, except of course
during moments of breakdown, understands, acts, and learns from results
without any conscious awareness of the process. What transparently must be
done is done.
(Dreyfus & Dreyfus, 1986, p. 324)
Relating this fluidity of practice to the ability of experts to perceive and interpret
inforn1ation, it would seem that the complex, hierarchically structured knowledge of
experts allows them to access and utilize information so efficiently that their actions are
often perceived as purely intuitive and automatic. Eraut (1994) considers this kind of
action to be semi-automatic:
Managing a class of children involves a myriad of rapid decisions made on
the spur of the moment in response to rapid readings of the situation and the
overall purpose of the action. I call the latter semi -automatic because all the
decision-making is very rapid; there is no time for deliberation during the
action itself.
(Eraut, 1994, p. 239)
Flexibility

There are two major ways in which professionals may be seen as being flexible in their
practice. The first relates to experts' case knowledge, developed through their
experience with educational situations, which allows them to better understand and
more easily respond to current events. The second relates to their repertoire of
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instructional strategies which may be called into use when appropriate. These allow
them to anticipate different scenarios when they are in the process of planning.
Case Knowledge
Livingston & Borko (1989) have shown a relationship between teachers' schemata, built
up through extensive case knowledge, and their ability to improvise in the course of
their interactive teaching. Teaching is seen as a complex cognitive skill through which
the teacher forms schema which subsequently form the base for future perception,
understanding and problem-solving. These knowledge structures are complex and
hierarchically structured, allowing expert teachers to more easily interpret classroom
events and take them into account in their on-the-spot decision making.
Carter et al. (1998) , in a task in which they showed expert and novice teachers a senes
of slides of interactional teaching, found that because of their extensive experience,
experts were able to distinguish automatically between important relevant infoffi1ation
and inforn1ation that is more common-place and therefore trivial in the circumstances.
" .data suggest that experts use their experience and domain-specific
knowledge of pedagogy to envelop with meaning certain of the events they
observe in the classroom environment as well as to find many events so
ordinary or typical that they literally find them meaningless.
(Carter et aI., 1988, p. 28)
Once situations are seen as "typical" no further energy or time need be invested in their
consideration, allowing experts to be more attuned to the relevant requirements of the
situation, and to orchestrate their performance in accordance with them.
Similarly, Hawkins and Sharpe (1992), using field system analysis, found that although
experts had more automatic, predictable routines, their teaching on the whole was more
flexible (made up of more distinct behavioural elements produced in many different
orders).
Much of novice teaching is rule-bound. Shulman (1986a, 1986b) suggests that teacher
knowledge comes in three forms: propositional knowledge, case knowledge and
strategic knowledge, and characterizes the main forn1 of knowledge taught to students
as propositional. Empirical propositions are generalizations that derive from empirical
findings: Children are more interested when active. Moral propositions deriYe from
value positions: All children must be viewed as capable of learning. As a \vhole,
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propositions are unilateral - they have "the deficiency of turning the reader or user
toward a single, particular rule or practical way of seeing" (Shulman, 1986a, p. 12).
For practising professionals, their personal case knowledge is acquired through years
of experience which, when reflected on, has the potential to result in the strategic
understanding prerequisite to the flexi ble practice characteristic of the expert.
It appears that experts, perhaps by the very nature of acquiring expertise
through extensive and varied teaching experiences, have a rich store of
classroom knowledge about both students and events, and they use that
knowledge to understand and explain classroom phenomena..

(Carter at aI., 1988, p. 30)
Shulman (1986a) refers to the use of cases in teacher education as a way of arriving at
strategic understanding.
When strategic understanding is brought to bear in the examination of rules
and cases, professional judgment, the hallmark of any learned profession, is
called into play. What distinguishes mere craft from profession is the
indeterminacy of rules when applied to particular cases.
(Shulman, 1986, p. 13)
It is this professional judgment that may be lacking not only in "mere craft", but also in

the thinking of novice teachers - according to Dreyfus & Dreyfus (1986), for the
beginner, doing a good job means following learned rules as closely as possible. The
remedy for the unilaterality of propositional knowledge can be found in strategic
understanding which takes into account both propositional knowledge and case
knowledge.
Repertoire of Instructional Strategies
This case knowledge can lead to the second source of flexibility, the knowledge of a
wide range of instructional strategies that may be called upon both in planning and in
on-the-spot teaching. Shulman (1986a) refers to this as curricular knowledge, and holds
that teacher educators are even more delinquent with respect to this kind of knmvledge
than they are in respect to pedagogical knowledge. The existence of an extensive
instructional repertoire benefits interactive teaching in that it allows experts to choose,
in the heat of the moment, from a large selection of appropriate courses of action.
Livingston & Borko suggest the difficulty that novices must experience when faced
with the challenge of developing the knowledge structures necessary for effecti\'e
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themselves experienced as children, or that they have much to learn before they can
become competent teachers. Novices, tending to accept too much as given, are often not
in the position to begin to reflect on their own teaching.
Dewey's second subprocess of reflection is
an act of. search or investigation directed toward bringing to light further
facts WhICh serve to corroborate or to nullify ... belief.
(Dewey, 1997 (1910), p. 9)
Having come upon a perplexing situation, the reflecting individual considers different
reasons for deciding whether a belief is correct or incorrect. This is the process of
reflection. It would seem that in a professional situation the thinker must have enough
previous inforn1ation to both recognize the problematic nature of the situation and to
relate it to existing beliefs. Are those conditions of reflective thought existent in
novices? The research on novice-expert differences would seem to indicate that it is not.
Calderhead (1981) found that experts had the conceptual structures necessary to make
sense of classroom situations that beginners lacked. The meaning that they were able to
extract from situations was of a different kind and at a different level from that of
novices. The work cited above on the complex knowledge stnlctures of experts which
allow them to perceive and interpret information more efficiently, is relevant here.
Peterson & Comeaux's findings (1987), mentioned above, support the hypothesis that
experienced teachers have better developed schemata relating to classroom events and
show that these schemata affect their ability both to recall events and to analyze
problem-solving situations. Berliner (1986a, 1986b) reports on research which shows
that experts categorize problems at a higher level than do novices, looking past the
surface characteristics that might attract the attention of novices.
Experts not only reflect more effectively, but have more of an inclination to reflect on
and infer meaning from classroom events in the first place. In their research, CaI1er et al.
(1988) show how experts tend to make more hypotheses based on available visual
evidence. Similarly, Berliner (1986) reports work done by his students which shows
that novices make fewer inferences from information than do experts.
Schempp et al. (1998) compared the reflective practice of novice teachers to that of
competent teachers rather than experts. They found that in planning lessons, competent
teachers were aware of variation in pupils' understandings, based their plans on
infom1al, subjective assessments of this understanding and continued appraising pupils
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planning:
Experts' planning can be described as a process of combining information
from existing schemata to fit the particulars of a given lesson. Because
experts have well-developed and easily accessible schemata for aspects of
teaching such as instructional activities, content and students, they are able
to plan quickly and efficiently. Novices, on the other hand, often have to
develop, or at least modify and elaborate, their schemata during planning.
Their schemata for pedagogical content knowledge seem particularly
limited.
(Livingston & Borko, 1989, p. 39)
Their repertoire knowledge allows expert teachers, in planning their lessons, to better
anticipate classroom scenarios and create realistic contingency plans (Livingston &
Borko, 1989; Peterson & Comeaux 1987; Clark & Peterson, 1986). The result is greater
flexibility in interactive teaching.
Presumably, schemata for classroom events and life in a ... classroom affect
the teacher's perception of events during interactive teaching, affect the
teacher's perception of students, enhance the teacher's understanding of
events that may occur during interactive teaching, and aid the teacher in
problem solving and decision making during interactive teaching.
(Peterson & Comeaux, 1987, p. 329)
The study of instructional strategies which would begin to form my students' repertoire
was a well-developed aspect of my teaching prior to my research and had received
much positive feedback from my students in the past. The use of cases, which was only
in its infancy in my previous teaching, began to develop during my research. This was
influenced both by the literature cited above and by my increasing awareness of the
importance of situating my students' learning, to be discussed later.

Reflection
Dewey defines reflective thought as follows:
Active, persistent and careful consideration of any belief or supposed form
of knowledge in the light of the grounds that support it, and the further
conclusions to which it tends ...
(Dewey, 1997 (1910), p. 6)

According to Dewey, one of the subprocesses that is involved in every reflective
operation is "a state of perplexity, hesitation, doubt". Unless this element is in play,
there is no reflective thought. Ball (1990a) has shown that student teachers are often
unaware of the fact that there may be a different kind of teaching than that they
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understanding throughout the unit. Novices, on the other hand, neither perceived nor
analyzed what pupils know, and assumed that they had no prior knowledge of the
subject to be taught.

A major challenge of my research was to promote a frame of mind in my students that
would support a critical reflective attitude toward their own work and toward received
pedagogical suggestions and curricula. The major ways in which this was attempted
were based on Feuerstein's idea of the mediation of meaning, to be discussed below,
and through my attempts to have my students reflect on the lessons they gave in the
classroom.
Eraut (1994) sets out a number of assumptions on which the concept of the teacher as a
reflective practitioner is based. These assumptions summarize well the findings of the
characteristics of professional practice presented above.
*A teacher needs to have a repertoire of methods for teaching and promoting
learning.
*Both selection from this repertoire and adaptations of methods within that
repertoire are necessary to best provide for particular pupils in particular
circumstances.
*Both the repertoire and this decision-making process within it are learned
from experience.
*Teachers continue to learn by reflecting on their experience and assessing
the effects of their behaviour and their decisions.
*Both intuitive infOlmation gathering and routinized action can be brought
under control through this reflective process and modified accordingly.
*Planning and pre-instructional decision making is largely deliberative in
nature. There is too little certainty for it be a wholly logical process.
*These processes are improved when small groups of teachers observe and
discuss one another's work.
(Eraut, 1994, p. 231-232)
Competence in Student Teachers

The challenge of my action research was to see if I could find ways to assist student
teachers in their second year of teacher training, to become competent as teachers of
early childhood mathematics. A review of some of the points raised regarding expertise
in the previous section can point to a number of areas where well-devised teacher
education may have the potential to reach this goal, as well as other areas which would
seem to require a period of actual experience before they can be developed.
Dreyfus & Dreyfus (1986) have proposed a series of five stages by which practitioners
may gradually develop from novices to experts: novice, advanced beginner, competent,
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proficient and expert. I have already described many of the characteristics of the final.
expert stage, and will now look at the first three of these stages to help in determining
ways of working with student teachers which may support their progression from the
novice stage to either the advanced novice or the competent stage.
The Novice Stage
Before describing the novice stage, it is important to note that, in looking at this stage
of professional development, the population described by Dreyfus & Dreyfus are
beginning practitioners who have studied in traditional training programmes. In these
programmes they were first taught theoretical, context-free knowledge about the
profession, and only subsequently began practising this theory.
Normally, the instIuction process begins with the instructor decomposing the
task environment into context-free features which the beginner can recognize
without benefit of experience. The beginner is then given rules for
determining actions on the basis of these features, like a computer following
a program.
(Dreyfus & Dreyfus, 1986, p. 321)
They hold that because these beginning practitioners lack on over-all view of the
practical situation, at this initial stage they are most concerned with the extent to which
they are successful at following the given rules, rather than looking at the practical
results of their activity. The energy expended in following more than a few of these
rules will be so great that novices will be severely limited in their ability to talk about
what they have done or listen to advice. Berliner agrees with and elaborates this stage
in regard to teaching:
Understanding of the commonplaces and some context-free rules are what is
needed to begin to teach. The behavior of the novice, whether automobile
driver, chessplayer, or teacher is usually rational, relatively inflexible, and
tends to confonn to whatever rules and procedures they were told to follow.
(Berliner, 1994, p. 5)
The Advanced Beginner Stage
At this stage, as a result of increased experience, the practitioner begins to take note of,
or is pointed out and eventually recognizes, additional aspects of the situation.
According to Dreyfus & Dreyfus, it is now possible for the instructor to refer to
situational aspects in addition to the context-free features recognizable by the novice.
The advanced beginner confronts his environment, seeks out features and
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asp~ct~, an~ ~etermines his ~ctions ~y applying rules. He shares the

novl~e s mInunal co~cern wIth qualIty of perfonnance, instead focusing on

9uahty of rule f<:l1owmg. The advanced

beginner's perfonnance, while
Improved, remaIns slow, uncoordinated, and laborious.
(Dreyfus & Dreyfus, 1986, p. 322)

In regard to teachers, Berliner (1994) suggests that there is less of a difference between
the practice of novices and advanced beginners than hypothesized. One possible
explanation for this may be the familiarity of future teachers with the life of the
classroom - although teachers' childhood experiences might have been very different
from the kind of teaching envisioned by teacher educators, because of their familiarity
with situational aspects of the classroom, teachers may almost never be complete
novices. Nonetheless it is questionable whether this prior experience can actually
contribute to student teachers' development, or hamper it instead (Ball, 1990).
The Competent Stage
According to Dreyfus & Dreyfus, the competent level is achieved at the point at which
so many features and aspects of the professional situation have been collected that the
practitioner has no choice but to find a way to organize them in a hierarchical system. It
is then that the practitioner must lemTI to
choose a plan, goal or perspective which organizes the situation and
... examine only the small set of features and aspects that he has learned are
the most important given that plan ...
(Dreyfus, 1986, p. 322).
They hold that practitioners at this level, as opposed to novice and advanced beginner,
begin to have a feeling of responsibility for their practice.
The competent perfonner..., after wrestling with the question of a choice of
perspective or goal, feels responsible for, and thus emotionally involved in,
the result of his choice. An outcome that is clearly successful is deeply
satisfying and leaves a vivid memory of the situation as seen from the goal
or perspective finally chosen.
(ibid., pp. 322-323)
From this standpoint the teacher can see the situation as a whole and perceive certain
aspects as relevant and important while allowing others to move to the background.
Berliner writes:
This is the stage in which teachers lealTI not to make timing and targeting
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errors, because one has learned through experience what to attend to and
what to ignore in the classroom.
(Berliner, 1986, p. 7)
Schempp et al. (1998) have specifically compared the practice of teachers who are seen
to be at the novice and competent levels. They found major differences between the two
levels in three areas: their perceptions of student learning difficulties, their conceptions
of the knowledge necessary for teaching and the knowledge they want their students to
know, and their ability to reflect on their practice. Regarding the first of these, novices
most often attributed student learning difficulties to the learners' personal
characteristics or social backgrounds, while competent teachers attributed them more to
the structure and organization of the lessons they experienced. This finding is in keeping
with Dreyfus & Dreyfus' characterization of competent professionals' tendency to
accept responsibility for their practice, and the control they are beginning to feel as a
result of their making their own choices regarding their goals and plans for their lessons.
Regarding the second area of difference, the adage, "The more you know, the more you
know that you don't know" comes to mind. Competent teachers were more cognizant of
their lack of knowledge in subject matter content and consequently felt a greater need
to learn.
Perhaps reflecting a greater confidence in themselves as teachers, but less
secure in their knowledge than novices, competent teachers had no qualms
about using knowledgeable students for class demonstrations and
explanati ons.
(Schempp et aI., 1998, p. 16)
Novices often neutralize their lack of content knowledge by refraining from asking
open questions and by using activities which can be successful in spite of their lack of
content knowledge. According to Schempp et aI., competent teachers were more
concerned about becoming knowledgeable about the subject themselves.
There were also differences in the way novices and competent teachers justified subject
matter they taught to their pupils. While novice teachers called on tradition and
authority as reasons to justify the teaching of a lesson, competent teachers more often
appealed to logical or technical considerations.
Although they refer to it as reflective practice, Schempp's last difference noted between
competent and novice teachers specifically refers to their understanding of the
impOl1ance of assessing their students' knowledge in a particular subject domain in
order to teach them, while novice teachers perceived little vatiation in the knowledge of
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their pupils.
Comf>eten~ t~ach~rs used on.going appraisals of student learning to identify
le~n~~g dIffIcultIes and deslgn supplemental, remedial, or enrichment
actIvIties. Furthermore, through student performance observations,
c0l1?-~etent teach~rs constantly used subjective evaluation in making
decIsIons regardIng subsequent teaching activities.

(Schempp et aI, 1998, p. 17)
Implications for Teacher Education
Some suggestions can be gleaned from the novice-expert literature for teacher
education. Peterson & Comeaux (1987) hypothesize that, if there is sufficient knowledge
about expert teachers' schemata, teacher educators, rather than leaving it up to
experience, might be able to facilitate the development of more sophisticated schemata
on the part of student teachers during their pre-service training. They point out,
however, that simply knowing about the processes involved in expert teaching does not
mean that one is able to put it into practice oneself. Their suggestion is that it would be
necessary to break down the explanation in such a way "that the novice can assimilate
and retain the information" and to give him or her "many opportunities to practice the
procedure" (p. 330). I would hold that this description of teacher education relates to
that practice which does not yet put into practice either the ramifications of
constructivist theory regarding the way human beings build their own knowledge (von
Glasersfeld,

1990~

Confrey,

1990~

Ernest, 1991), nor research findings which indicate

the importance of mediation in ensuring the occurrence of meaningful learning in the
individual (Feuerstein, 1980, 1997).
The two foci that Berliner (1994) uses in analyzing expert teaching can be helpful here
once again. First, experts' existing schemata make it easy for them to recognize patterns
and make connections between present events and past, thus enabling them to continue
to construct their professional understanding. It would seem that experience and/or
extensive study of cases is necessary for the perception of patterns - one needs a store of
specific instances in order to see them as forming a pattern. Berliner's second focus is
on the connecting of classroom phenomena wi th pedagogical concepts. Student teachers,
if left on their own to make sense of field experiences, may not have the knowledge
structures necessary to learn effectively from their experiences.
Feuerstein's work on mediated learning (1980, 1997) is helpful in understanding the
ramifications of these for pre-service teacher education. According to this theory,
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human beings are not always able to learn directly from their experience. Through
mediation on the part of a more knowledgeable individual, learners can be helped to
both perceive and learn from their surroundings in ways that they could not do on their
own. For novice teachers, whose schemata relating to the teaching enterprise are not yet
well-developed, the recognition of patterns and the connection of classroom phenomena
with pedagogical concepts may not occur without this mediation.
Berliner recommends the use of simulated field experiences, in either written or
videotaped form, in order to form the connections between real-life classroom
phenomena and abstract pedagogical principles. These cases can also provide the
exposure necessary to begin to discern patterns in classroom phenomena. Livingston &
Borko suggest that cases might be even more appropriate at the initial stages of teacher
education than direct observation or participation in classroom work in that they provide
a shared experience that can be analyzed and reflected on with the support of the college
teacher's more developed educational schema. The teacher's mediation of the meaning
and importance of the observed events can serve to focus students' attention on
discernible patterns and to connect theory with practice.
It has also been found that not all experienced teachers reach the level of expert or

even proficient teaching (Berliner, 1986). If a large amount of experience is not in
itself necessarily sufficient, then there must be ways to take advantage of available
experience which render it more significant in the fonnation of understanding. As such,
it may be possible, through the use of Mediated Learning Experience (Feuerstein &
Feuerstein, 1991) and through increasing students' ability to reflect, to increase the
salience of the limited experience of student teachers just as it would seem necessary to
do for some experienced teachers as well.
Another implication of pre-service teacher education may be discerned from Livingston
& Borko' s view of the importance of structuring and sequencing student teaching

experience so that
... the task demands are appropriate to the novices' level of readiness.
Further these activities must be designed explicitly to help novices develop
and elaborate knowledge structures for teaching and pedagogical reasoning
skills. A key to designing such experiences may be the maintenance of a
balance between support and challenge (Bolin, 1988~ Calderhead, 1988).
(Livingston & Borko, 1989, p. 39)
Regulating task demands brings to mind apprenticeship situations studied in the
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literature on situated learning (Lave, 1988) in which apprentices gradually take on
responsibilities which are in keeping with their current abilities. This recommendation is
in keeping with Collins et al's (1989) concept of cognitive apprenticeship which, rather
than focusing on physical skills and processes, is concerned with the development of
cognitive and metacognitive skills and processes. These will be discussed further later
on in this chapter.

Although Livingston & Borko' s recommendations relate to full-time field experiences,
not for college-based courses, there is at least one suggestion that can be modified for
college classroom use.

In an ideal situation, the cooperating teacher and university supervisor fulfill
complementary roles ... Working cooperatively and using shared language as
an indicator of shared concepts, they help student teachers to develop and
integrate schemata by examining the immediate situation in terms of craft
knowledge as well as theoretical and empirical knowledge.
(Livingston & Borko, 1989, p. 41)
The potential exists in college-based teacher education courses to combine the theory
and practice in the same venue: as mentioned above, because teacher educators are
themselves involved in practising the same profession that is being taught to students,
their own practice can provide both a role model and real cases for the study and
analysis of teaching practice. If teacher educators, advocating effective teaching
practices to be used with children, take advantage of these practices in their own
teaching, they can nlinimize the theory/practice divide, involve students in real
teaching/learning situations, and reflect on these along with the students, thus taking
advantage of the teacher educator's complex knowledge stnlctures. They thus can both
model and involve the students in pedagogical thinking.
These references to situated learning theory and to Mediated Learning theory both
support a constructivist view of learning as an activity carried out by the learner in
accordance with his or her own interests and previous understandings. Together these
three theories, to be discussed in the following sections, form the basis on which it is
possible to conceptualize the kind of teacher education that may better support the
development of student teachers in their journey to becoming competent teachers of
mathematics for young children.
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CONSTRUCTIVISM AND SITUATED LEARNING
Constructivism

The general approach which has informed my work both as a teacher and as a teacher
educator is that of constructivism. Constructivism, in its most basic, and, among
practising teachers, possibly its most widespread fonn, sees learning as something that
must be carried out by the learner him or herself, and that is rooted in and grows on
the previous knowledge and conceptions of the individual.
Constructivist learning theory has two basic prenrises: (1) learning takes as
its starting point the knowledge, attitudes, and interests students bring to the
learning situation, and (2) learning results from the interactions between
these characteristics and experience in such a way that learners construct
their own understanding, from the inside, as it were.
(Howe & Berv, 2000, p. 30-31)
Constructivist theory has guided and/or given meaning to much of the practice of
mathematics education internationally during the last thirty years. It supports the use of
manipulatives and expeliential activities which provide the base on which the learner
can develop his or her own mathematical understandings. Skemp (1971), in his
discussion of the formation of mathematical concepts, distinguishes between primary
concepts, those which are based on sensory and motor expelience of the external world,
and secondary concepts, those which are abstracted from other concepts.
In general, concepts of a higher order than those which people already have
cannot be communicated to them by a definition, but only by collecting
together, for them to experience, suitable examples"
(Skemp, 1971, p. 25).
Without the initial firsthand experience of the mathematical characteristics of the
physical world which results in the personal construction of primary concepts, and
subsequently without the personal construction of secondary mathematical concepts,
there can be no understanding of higher order secondary mathematical concepts.
The development of constructivism as it has been applied to education has largely
manifested itself in the areas of mathematics and science education. This is so for
possibly two main reasons. The first is that these are prototypes of subject areas that
deal with "objective" and "provable" knowledge, knowledge that was previously
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conceived as being dictated purely by nature, rather than by the leamer's prevIous
understandings.
According to this traditional view, scientific knowledge is constrained by,
and largely shaped by:, ~hose aspects of t~e natural world that are the subject
of study .. .If cons~ru.CtIVlsm can take root In these disciplines, it can succeed
anyw~ere, and thIS IS ~:me reason why the academic world has paid 80 much
attentIon to mathematics and science ...
(Philli ps, 2000, p. 5)
Another reason for the primacy of constructivism in science and mathematics is that
Piaget, one of the main forerunners of constnlctivism, paid much attention to the child' 8
understanding of mathematical and scientific concepts. Piaget's view of learning was
extrapolated from the biological view of the organism's need for equilibrium. He saw
this mechanism as being paralleled in the cognitive domain.
Piaget (1952) viewed the human mind as a dynamic set of cognitive
structures that help us make sense of what we perceive. These structures
grow in intellectual complexity as we mature and as we interact with the
world we come to know and as we gain experience. Through maturation and
experience, the groundwork for new structures is laid.
(Brooks & Brooks, 1999, p. 26)
According to Piaget, the active process of equilibration is made up of the processes of
assimilation and accommodation, in which the individual assimilates information into
her or his existing schema while accommodating those schema in accordance with the
nature of the new information. This allows the individual to actively construct her or his
own new knowledge while taking into account information received from the extenlal,
physical world.
One of the pioneers of the more contemporary work on constructivist theory is Ernst
von Glasersfeld. Von Glasersfeld (1991, 1995) developed a theory of constructivism,
tenned radical constructivism, which holds that human beings, because they must
necessarily know the external world through their own senses and perceptions, can never
objectively know any external reality. Because the individual has no access to objective
external reality, because that reality must always be perceived through the lens of the
knower's own understandings, whatever external reality may exist is irrelevant to the
way human beings see the world. Radical constructivism sees knowledge not as
representing some objective reality that is inaccessible to our SUbjective selves, but
rather the world as seen by individuals. He presents the basic principles of radical
constructivislTI :
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1., Knowled~e i.s not passively r~ceived either through the senses or by way
of communIcatIOn. Knowledge IS actively built up by the cognizing subject.
2. a. The function of cognition is adaptive, in the biological sense of the
term, tending towards fit or viability.
b. Cognition serves the subject's organization of the experiential world, not
the discovery of an objective ontological reality.
(von Glasersfeld, 1990, pp. 22-23)
According to radical constructivism, rather than looking for truth, people test the
viability of their constructions by comparing their own ideas with those of others and
with the extent to which they "work" in their experiential world, and alight on
"objective" knowledge by proving their ideas valid in their social milieu. He holds that
the constraints on individuals' fantasy in the construction of their world are provided by
their social settings and their interactions with the environment in which they are
situated and which mediate their personal understandings.
If one accepts the critique that knowledge cannot be shown to represent
reality in some iconic way, as a picture of the world, then one is left with a
more subjective construction of reality - subjective because one abandons
the effort to factor the human subject out of the process. Although the
constructivist is relativistic, that relativism is tempered by stability achieved
by the individual in relation to his or her experience with others and the
external world.

(Confrey, 1995,p. 194)
Thus, von Glasersfeld shifts Piaget's focus on the individual and the physical
environment to a focus on the individual and the social environment. But, in spite of this
acknowledgment of the influence of social factors on the individual construction of
knowledge, this influence is, for von Glasersfeld, a constraining one. The world does not
exist as a positive model on which to base knowledge, but only as a check on our
constructions when they are felt to be out of sync with the world as we experience it.
Like the earlier constructivist writing, constructivism as thus presented continues to
focus on individual, psychological processes. Nor does it look at the ways in which
the individual's actions may affect her or his social and cultural milieu. As such it falls
short of offering a perspective for looking at the interaction that occurs in classroom
situations, whether those be primarily concerned with the development of mathematical
or pedagogical understanding.
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This shortcoming of radical constructivism is addressed by different strands of
sociocultural theories of learning which propose the interdependence between the
psychological development of the individual and the social context in which this
development occurs. These include the symbolic interactionism of Mead (1934) and
Blumer (1969), situated leanling theory as developed by Lave (1988), the theory of
Mediated Learning Experience (MLE) (Feuerstein, 1990; Kozulin & Presseisen, 1994)
and Vygotskian theory (Wertsch, 1985; Cole, 1990). Of these, in the present work, I
have looked mainly at the ways in which situated learning theory and MLE theory have
affected my constructivist framework.
Situated Learning
Situated learning theory, as opposed to the views of constructivism mentioned above,
holds that learning is not something that takes place in the isolated mind of the
individual. Meaning, rather, must be socially negotiated. Learning is a holistic
enterprise in which the individual modifies his or her behaviour through activity in
contexts involving a whole range of contextual factors which affect and are affected by
the individual. These factors include the needs and desires of the individual in
particular situations, their way of perceiving the situation as determined by past
experience and present expectations, other people involved in the interaction, and the
physical setting within which the activity takes place.
Learning, thinking, and knowing are relations among people in activity in,
with, and arising from the socially and culturally structured world.
(Lave & Wenger, 1991, p. 51)
Rogoff stresses the mutuality that exists between individuals and context.
... the individuals' efforts and sociocultural arrangements and involvement
are inseparable, mutually embedded focuses of interest. Rather than
examining context as an influence on human behaviour, I regard context as
inseparable frOlTI human actions in cognitive events or activities.
(Rogoff, 1990, p. 27)

Lave (1988), in particular, concentrates her attention on learning in real-life learning
contexts and, as opposed to the traditional pejorative attitude toward everyday as
opposed to academic learning, argues for the quality of the concrete, individual or
unique learning that arises in those settings while rejecting the abstract, general or
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universal learning of the classroom. Although the main difference between situated
learning theory and radical constructivism would seem to be in the former's emphasis
on social context, Lave & Wenger (1991) see a danger in the over-emphasis of the social
that might be understood from the Vygotskian focus on the mediation of culture and its
internalization by the child. In trying to find a middle road between concentration on the
individual and concentration on social practice which "only seems to eclipse the person"
(Lave & Wenger, 1991, p. 52), they suggest that seeing learning as increasing
participation in communities of practice "suggests a very explicit focus on the person,
but as 'person-in-the world', as a member of a sociocultural community,r (ibid., p. 50).
According to situated leanling theory there is a reflexive relationship between the
objective forms and activity of the world and the individual's subjective and
intersubjective understandings. Together they constitute "both the world and its
experienced fonns" (Lave & Wenger, 1991, p. 51) .
... knowledge and learning will be found distributed throughout the complex
structure of persons-acting-in-setting. They carulot be pinned down to the
head of the individual or assigned to tasks or to extenlal tools or to the
environment, but lie instead in the relations among them.
(Lave. 1993,p.9)
Similarities with Constructivism
A comparison of situated learning theory and a psychological constructivist approach to
learning reveals aspects in which they are similar, those in which they seem to
complement each other, and certain aspects which are seen by smne as being
contradictory. The major similarities between them are their common rejection of a
positivist view of teachingjIearning in which knowledge is seen as a commodity which
is transmitted as is from the teacher to the leamer, but rather as smnething that is built
and developed by learners; the corresponding importance they both attribute to the role
of activity in the learning process; and the crucial role of lTIotivation and interest on the
part of the learner.
Complementary Aspects
In addition to these similarities, there are characteristics of situated leanling that,
although on first impression may seem at odds with constructivist theory, may also be
seen as complementing and enriching it. When taken into account, these characteristics
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may potentially contribute to the increased effectiveness of classroom teaching that
was previously based on constructivist principles alone. Most obvious and
unproblematic of these would be the increased relevance for the learner that is achieved
when grounding learning in everyday situations and ensuring whole-person activity
rather than cognitive involvement alone.
To focus on whole-person activity rather than on thinking as separate from
doing implies a negation of the conventional division between mind and
body. This negation is also reflected in the claim that "cognition" is
seamlessly distributed across persons, activity and setting. This in tllTIl
implies that thought (embodied and enacted) is situated in socially and
culturally structured time and space. This object-world, viewed as partially
constructed with persons-acting, is an essential aspect of activity. Its
constitution is a matter of sociocultural order writ large.
(Lave, 1988, p. 171)
Another view of situated leanling theory easily assimilated into constructivist theory
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the view of content as emerging frOlTI context and activity. This view has particular
relevance for the teaching of mathematics according to constructivist premises, in
which understanding is meant to emerge from the previous knowledge of the learner
rather than resulting from the transmission of abstract, static knowledge from the
teacher to the child.
Learning as Apprenticeship
Situated learning theorists focus their attention on apprenticeship as the framework
which enables deliberate teaching of skills and understandings through participation in
concrete real-life activities. In these situations the apprentice leanls through observing
the expert in practice and through carrying out those tasks that they are capable of with
the gradually diminishing guidance of the expert. The metaphor of scaffolding has been
used to characterize the role of the expert teacher in these interactions.
The scaffolding metaphor makes explicit the role the teacher takes during
the teaching-Ieanling process, Here the teacher does more than simply
organize resources (both human and physical) , in which interactions are
predominantly procedural, or which encourage cognitive conflict. The
teacher actively models or instructs and assists children based on shared
understanding ... Learning is viewed, not as individual construction of
know ledge, but rather through the joint construction of know ledge within
historical and culturally defined contexts.
(Fleer, 1990, p. 116)

4 L. . . ·

Rogoff points to an additional feature of apprenticeship, the role that peers often play in
the in the development of the individual apprentice.
Furthermore, the apprenticeship model has the value of including more
people than a single expert and a single novice; the apprenticeship system
often involves a group of novices (peers) who serve as resources for one
another in exploring the new domain and aiding and challenging one
another. Among themselves, the novices are likely to differ usefully in
expertise as well.
(Rogoff, 1990, p. 39)
Two concepts related to the idea of the learner as apprentice have relevance for teacher
education. One is the idea of legitimate peripheral participation (Lave & Wenger,
1991), in which a person in the role of apprentice is slowly and gradually initiated into
a community of practice, moving from peripheral to full participation, while at the same
time legitimately contributing to the ongoing work of the community.
If the classroom is considered a particular kind of community of practice, and its

creation and development over time a process in which students' legitimate
participation, first more peripheral and increasingly more central, both influence and
are influenced by occurrences, then the concept of legitimate peripheral participation
can be helpful in analyzing and expediting this development .
.. .learning is an aspect of changing participation in changing "communities
of practice" everywhere. Wherever people engage for substantial periods of
time, day by day, in doing things in which their ongoing activities are
interdependent, learning is part of their changing participation in changing
practices. This characterization fits schools as well as tailor shops. There are
not distinguishable "Modes" of learning, from this perspective, because
however educational enterprises differ, learning is a facet of the communities
of which they are composed.
(Lave, 1996,p. 150)
The second concept, cognitive apprenticeship (Collins et aI, 1989), distinguishes
between situations where the goal is the acquisition of observable, physical skills and
those where the purpose of the interaction is the development of cognitive skills. In
cognitive apprenticeship, as ill traditional apprenticeship, learners are involved in
complex problem-solving activities and tasks which learners are challenged to master
while receiving support when necessary in the form of hints, questions and actual help
from the teacher. The focus here, however, is on the expert processes used to develop
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conceptual and factual know ledge rather than physical skills.
It is this dual focus on expert processes and situated learning that we expect
to help solve the educational problems of brittle skills and inert knowledge.
(Collins et aI, 1989, p. 457)
Because the processes that are involved in developing cognitive and metacognitive skills
are not physically observable as is often the case in traditional apprenticeship, these
skills must be extenlalized.
Cognitive research, through such methods as protocol analysis, has begun to
delineate the cognitive and metacognitive processes that comprise expertise,
which heretofore were inaccessible. Cognitive apprenticeship teaching
methods are designed to bring these tacit processes into the open, where
students can observe, enact, and practice them with help from the teacher
and from other students.
(ibid., p. 458)
As will be shown later on in this chapter, the theory of Mediated Leanling Experience
(Feuerstein & Feuerstein, 1991) demonstrates ways in which the underlying aspects of
learning situations may be made explicit through the use of mediation.
Attention to these parameters of situated learning would seem worthwhile for educators
working within the constructivist tradition in that they have the potential to increase the
connectedness, relevance and meaningfulness of leanling
Possible Contradictions Between Constructivism and Sociocultural Theories
There is one characteristic of situated learning theory which may seem to be at odds
with constructivist theory - the issue of learning transfer. In this Lave (1993) suggests
what may be her most novel and, for myself, counter-intuitive contribution to learning
theory. Conventional thinking assumes that the goal of learning is to produce abstract,
general concepts that will serve the individual in many different areas and situations.
The widespread attempt of schools to provide learners with this ready-made abstract
know ledge is particularly noticeable in the teaching of mathematics. It would seem that
even constructivists, who appreciate the necessity of building one's own knowledge,
continue to view the abstraction and generalization of knowledge as one of the major
goals of education:
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... abstraction from and generalization across "'contexts" are mechanisms that
are supposed to produce decontextualized (valuable, general) knowledge ...
movement toward powerful (abstract, general) knowledge is movement
away from engagement with the world, so that distance "frees" knowers
from the particulars of time, place, and ongoing activity.
(Lave, 1993,p.23)
Contrary to this view, Lave holds that the most valued learning, that which is most
Ineaningful to the learner and effective, is learning that takes place in the interactive
relationships between whole people and their environment.
Theories of situated activity do not separate action, thought, feeling, and
value and their collective, cultural-historic forms of located, interested,
conflictual, meaningful activity. Traditional cognitive theory is "distanced
from experience" and divides the learning mind from the world. This
"'release" from the narrow confines of body and immediate experience is
rejected on varied grounds .. .in favor of more complex relations between
person and world. The idea of learning as cognitive acquisition - whether of
facts, knowledge, problem-solving strategies, or metacognitve skills - seems
to dissolve when learning is conceived of as the construction of present
versions of past experience for several persons acting together...
(Lave, 1993,pp. 7-8)
In order to clarify this idea of situated knowledge, Brown, Collins and Duguid (1989)
compare conceptual know ledge to a set of tools. Just as it is possible to acquire a tool
without having any idea of how to use it, so maya student leanl abstract knowledge
such as mathematical algorithms or dictionary definitions without being able to put them
to use. It is only through participation in the particular culture which devised the tool
that the individual can know its use, and only through repeated use that he or she can
understand how it is used and become able to do so ably and efficiently.
Appropriate use [of conceptual tools] is not simply a function of the abstract
concept alone. It is a function of the culture and the activities in which the
concept has been developed. Just as carpenters and cabinet makers use
chisels differently, so physicists and engineers use mathematical formulae
differently. Activity, concept, and culture are interdependent. No one can be
totally understood without the other two.
(Brown, Collins & Duguid, 1989, p. 33)
Collins et al (1989) seem to have found ways of reconciling this apparent contradiction
between views of learning in the distinction they make between cognitive
apprenticeship and traditional forms of apprenticeship.
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Traditional apprenticeship emphasizes teaching skills in the context of
their use. We propose that cognitive apprenticeship should extend
situated learning to diverse settings so that students learn how to apply
their skills in varied contexts. Moreover, the abstract principles
underlying the application of knowledge and skills in different settings
should be articulated as fully as possible by the teacher, whenever they
arise in different contexts.
(Collins, Brown & Newman, 1989, p. 459)

In this way Collins et al. seem to have neutralized the perceived contradiction between
the situated nature of learning and the possibility and desirability of the existence of
learning transfer. Their view smooths the way for the integration of situated leanling
and constructivism, and also makes room for the parameter of Mediated Learning
Experience that Feuerstein calls "transcendence", to be discussed below.

Thus, the importance for constructivists of this integration would seem to lie in the
demonstrated effectiveness of leanling within relevant, meaningful and involving
contexts. Lave discusses the effectiveness of learning when it is carried out in real-life
settings:

It is difficult, when looking closely at everyday activity ... to avoid the
conclusions that learning is ubiquitous in ongoing activity, though often
not recognized as such.
(Lave, 1993, p. 5)

Further justification for taking advantage of situated leanling theory in teacher training
lies in the evidence that suggests that even teacher education courses nm along
constructivist lines, have not produced the desired results in students' future teaching
(Klein, 2001). This lack of transfer of learning may be at least partly a result of the
attempt of many college courses to teach pedagogy without the necessary grounding in
real life school classroom situations. Situated learning theory, whether incorporated into
a constructivist framework in all its aspects or considered along-side as a helpful
conceptual framework in its own right, would seem to have the potential to somewhat
rectify this situation. With this in mind I felt it necessary to allow the insights of situated
learning theory to inform my practice in my action research.

46

Social Constructivism

The social constructivist or elnergent approach in mathematics education came out of
the attempt to integrate the sociological approaches towards leanling of sYlnbolic
interactionism (Mead, 1934; Blumer, 1969), Vygotskian theory, (1933); and situated
learning (Lave, 1988) with the psychological cognitive approach of radical
constructivism.
Viewing individual activity as an act of participation in a system of practices
that are themselves evolving ... is inherent in the central organizing metaphor
of the situated perspective and serves to differentiate it from the cognitive
perspective ...
(Cobb & Bowers, 1999, p. 8)
For Cobb and Yackel (Cobb & Yackel, 1998; Cobb & Bowers, 1999) , the need for a
wider explanatory framework arose from research into the mathematics education of
young children which highlighted social, in addition to psychological, factors
involved in their mathematical development. A long-tenn developmental research
project into mathematics education in the lower elementary grades originally intended
to focus on individual children's conceptual developlnent in their learning of
lnathematics. The project extended to the classroom context the one-on-one
constructivist teaching experiment where the researcher, working with individual
children, attempts to influence the ways in which children constnlCt their conceptual
understandings. Although from the outset Cobb and Yackel were influenced by the
interactionist perspective of Bauersfeld (1988) and others, and therefore emphasized
the mathematical communication that occurs between student and teacher in the course
of a mathematics lesson, the role of social interaction as they conceived it at that time
was as a catalyst for the individual development of mathematical meaning. This view
was similar to that of researchers who based their work on Piaget's developmental
psychology. Voigt characterizes this research as follows:
... they explore social interactions between children and conflicts between
the children's perspectives as conditions of mental reorganizations. However
they conceptualize social interaction as an external variable with regard to
developmental processes inside the learner.
(Voigt, 1992, p. 7)
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Cobb and Yackel describe their original position in a similar way:
With hindsight, it is apparent that the relation between social interaction and
children's mathematical development implicit in this approach was neoPiagetian. We assumed that conflicts in individual students' mathematical
interpretations might give rise to internal cognitive conflicts, and we
assumed that this would precipitate mathematicalleanring ... In this account,
social interaction was viewed as a catalyst for otherwise autonomous
psychological development because it influenced the process of
mathematical development but not its products, increasingly sophisticated
mathematical ways of knowing.
(Cobb & Yackel, 1996, p. 177)
The joint efforts of these former radical constructivists and those of sociocultural
theorists have resulted in a theory of learning that allows the different aspects of
learning to be incorporated into a more holistic understanding of this complex and
multifaceted process (Cobb, 1989).
In this approach (the emergent perspective), individual thought and social
cultural processes are considered to be reflexively related with neither
attributed absolute priority over the other. ... However, adherents to the
emergent perspective treat the linkage between social and cultural processes
and individual psychological processes as an indirect one (cf. Saxe &
Bermudez, 1996; Voigt, 1994). Thus, they might talk of students'
participation in paIticular cultural practices as enabling and constraining
their mathematical development, but not detennining it..The extent to which
either a psychological or a social analysis is brought to the fore in any
particular situation is a pragmatic issue that reflects the purposes at hand.
(Cobb et aI, 1997, p. 152)
Through their research Cobb and Yackel saw how social and mathematical norms
emerged through mathematical communication that occurred during the lesson. These
norms were mutually constituted by the teacher and the students, resulting in the
formation of a classroom mathematical community. Yackel characterizes this
relationship:
... we consider the relationship between the sociomathematical norms that are
constituted in the classroom, a sociological construct, and the individual
participants' mathematical beliefs and values, the psychological correlate.
To say that these two sets of constructs are reflexively related means even
more than that they are mutually enabling and constraining. It means that
one literally does not exist without the other. For example, as children give
explanations they deem viable, they are not only participating in the takenas-shared normative understandings of what constitutes acceptability, they
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are also contributing to the ongoing negotiation of what is taken as
normati:e. Thus., their (individual) mathematical beliefs and values develop
concomItantly WIth the classroom sociomathematical norms"
(Yackel, 1997, p. 4).
Parallels Between the Teaching of Mathematics and the Teaching of Mathematical
Pedagogy
In my work with education students I began to see parallels between the
sociomathematical norms that may be developed in a mathematics class and
sociopedagogical norms that are relevant for teacher education. In the prevailing forms
of mathelnatics teacher education discussed above, in which pedagogical discussions
are based on tasks aimed at developing mathematical knowledge, the development of
sociomathematical norms may continue to be the focus (Simon, 1995, Civil, 1993). In
teacher education courses it would seem necessary to provide high-level dynamic
knowledge construction activities ( Dunlap & Grabinger, 1996) aimed at developing

pedagogical know ledge that would lead to the constnlction of sociopedagogical, in
addition to sociomathematical, norms. These activities would be such that the students
would deal with "ambiguous infon11ation, authentic ill-structured problems; controversy
and argumentation~ and judgments and decision making" (ibid., p. 76) in the realm of
pedagogy.
Whose Pedagogical Norms?
There are a number of ways in which these parallels might be helpful in guiding teacher
education. One is brought to mind by Klein's (2001) account of the difficulties she
encountered when, in teaching a pre-service mathematics education course based on
constructivist theory, her students reported feeling dis empowered in that they felt they
were expected to conform to the instructor's views of teaching. This was one of the
dilemmas that concerned me in my own teaching as well- is it not problematic to have
education students use their past experience of mathematics education, which is
nonnally so at odds with alternative, non-traditional practice, as a basis for solving
pedagogical problems? The tensions that might arise from a clash between the two
have, as shown by Klein, the potential to create a power struggle between the teacher,
who believes deeply in a constructivist theory of education, and the students. There are
two connected potential remedies to this situation. One lies in a view of the teaching
of pedagogy that is more in line with constructivist theory, where the construction of
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the students' own pedagogical knowledge, and the accompanying diversity in people's
thinking that manifests itself, are both sanctioned and highly valued. While this may
lead to a prolonged deVelopment of hoped-for sociopedagogical nonns, it is possible that
with appropriate activities and scaffolding techniques, these may eventually develop in a
more legitimate and empowering manner. The other is in the instructor's attempt to
provide evidence for the legitimacy of his or her educational approach (McNiff,2003,
personal communication). Just as in mathematics education we encourage students to
justify their solution strategies, so in the teaching of pedagogy it is necessary to provide
evidence of good educational practice. The development of classroom norms is a
collaborative effort of both the teacher and the students. While it would seem
illegitimate to force our views on our students, so is it misbegotten to make no attempt
to influence them at all (Buchmann, 1986). As a teacher I must do and say things that
will stimulate their thinking and provide at least some of the raw material from which
they will eventually derive their own beliefs. This parallel with work in mathematics
education is further illustrated in the following section.
A Reflexive Relationship
Cobb and Yackel's view of the inquiry approach to mathematics education, as opposed
to the school mathematics tradition, may be seen to be relevant for this kind of "inquiry
pedagogy" as well. They hold that inquiry mathematics deals with truths, while
traditional teaching of mathematics deals with instructions. The parallel can easily be
seen between tradi tional mathematics instruction which deals in mles and techniques
and didactics courses whose focus is on teaching techniques, helpful hints and activity
ideas. The truths that can emerge from inquiry mathematics are seen as being both
constructed and normati ve:
At first glance, this view that truths are normativ~ might see~ questionable
given that truths appear to tell us how the world IS, not how It ought to be.
However as Much and Shweder and numerous others have noted,
individu~ls are typically challenged by other members of.thei: c0.mmunity
when their actions transgress a currently accepted truth ... m. thIS VIew,
members of a community such as the teacher and students m a. classroom
interactively constitute the truths.t~at ~el} them h?~ .the world IS or ought to
be, and these truths constrain theIr mdIVIdual actIVItIes.
(Cobb & Yackel. 1998, p. 163)

Similarly, pedagogical truths can be interactively constituted in the didactics class, and
the ways that this might happen are similar to the processes in mathematics classes:
(by) explaining and justifying solutions, attempting to make sense of
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expla~at~ons given ~y ot~er~, in~icati?g ag~eement and disagreement, and

ques~IOmng alternatIves m sItuatIOns m whIch a conflict in interpretations or
SolutIons has become apparent".

(ibid., p. 167)
Bauersfeld (1988), from an interactionist perspective, discusses the contribution that
individual students make in the emergence of the mathematics classroom culture.
Individuals do not just rediscover existing truths, but rather interact reflexiyely with the
culture that is influenced in turn by them.
Both teacher and student contribute to the classroom processes. It is a jointl \'
em~rging "reality" rather than a systematic proceeding produced or caused'
by mdependent subjects' actions.
(Bauersfeld, 1988., p. 29)
Similar to the constraints put on the individual construction of knowledge, the influence
that individuals have on the community is not arbitrary. Within the classroom, as within
the wider professional mathematics community, the community sets standards of
justification and validation that must be met.
Neither the teacher nor the student alone can be blamed for the course of the
process; they are not aware of the covert pattern of their joint actions. As a
product [of] social interaction, the patterns develop from the mutual
reflexive expectations of the actors and their related moves, from the implicit
"obligations for action", which are typical for the institutionalized
educational processes, and from the teacher's and the students' routines as
acquired across many shared classroom experiences.
(ibid., p. 37)
Within the college mathematics education classroom, therefore, there may be seen to be
an emerging pedagogical reality just as there is an "emerging mathematical reality"
(Cobb & Yackel, 1998) in the mathematics classroom.
In spite of the value attributed to this joint construction activity, and the respect with
which student attitudes and understandings are held, Cobb & Yackel show that teachers
unconsciously guide and direct the understanding of their students. Teacher reactions to
the contributions of the students play an important part in determining "vhat is valued in
the classroom community.
(Teachers') reactions to students' so~utions f:equently functior:ed as implicit
evaluations that enabled students to mfer whIch aspects of theIr
mathematical activity were particularly valued. As Voigt (1993) notes, these
implicit judgments made it possible for studenY' to be~~me a\:'are of :nor~
developmentally advanced fonns of mathematIcal actlnty whIle leavmg It to
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the students to take up the intellectual challenge. Students could therefore
d~velop a se.nse of ~he teac.he( s expec~tions for their mathematical learning
wIthout feelIng oblIged .to.l~Itate solutions that might be beyond their
~urrent ~oncertual pOSSIbIlItIes. From our perspective as observers we can
In. fact vle~ th~s as one of the ways in which the teachers attempt t~ cope
~Ith a tensIon mherent in ~eac.hin.g,. that between mathematical learning
vlew~d as ~ process of actIve mdividual construction, and mathematical
leam~ng vIewed ~ a process of enculturation into the mathematical
practIces of the WIder society.
(Cobb & Yackel, 1998, pp. 169-170)
Teacher education instructors, as the representatives of a professional vie\v of
mathematics education, may similarly influence the development of pedagogical nom1S
without forcing their views on their students.
In my college mathematics education course my primary concerns needed to be both
the development of this pedagogical reality and the unfolding of a new mathematical
reality. Noel (2000) relates to the necessity of taking advantage of this approach at all
age levels.
If one thinks of social constructivist models as useful frameworks to
conceptualize how we learn, no matter what our age, then we as educators
need to work towards replacing the transmission orientation of university
classrooms with opportunities for active engagement and interaction with a
variety of environments and individuals (Miller, 1988).

(Noel, 2000, p. 17)

The Community of Reference
This leads to a discussion of an additional concern of both mathematics education and
teacher education: the intellectual community that serves as the point of reference for
the study of the discipline. The classroom teacher may be considered ideally to be a
representative of the particular discipline being taught. In mathematics, some would
see that discipline to be that of the professional mathematician, others the community of
mathematically proficient adults (Burton, 1992). As is too often seen, many elementary
school teachers are representatives of neither. A socioconstructivist approach to the
teachin cr of mathematics in teacher education, in which future teachers are introduced
b

into the world of authentic mathematics activity, can begin to rectify that situation.
There is a similar necessity in regard to the wider pedagogical community of
mathematics educators which must infom1 the pedagogical learning and understanding
of education students. Many education students enter teachers college believing that

52

they already know what teaching, and specifically mathematics teaching, is all about. In
their eyes, the only reason they are in education school is to receive a fe\\" techniques for
achieving this taken-for -granted kind of learning in their students. Buchmann (1986)
addresses the problem of the view that teachers must teach in ways that come naturally
and in accordance with their personal inclinations and preferences,
Wh~t

teachers do is. neither natural nor necessary but based on choice. Since
chOIce may harden mto custom or dissipate into whim, one asks for
justificatio~; it. is.a way ?f en~uring that teaching will periodically pass
muster. In JustIfymg theIr actIOns, people give reasons. For teachers,
personal reasons can be appropriate when explaining a given action to
others, but they carry less weight when considering the wisdom of an action
or decision.
(Buchmann, 1986, p. 529)
Solomon makes a similar argument:
Personal knowing is notoriously precarious and subject to brain-washing,
unless socially reinforced. The sociologists of knowledge, from Mead to
Schutz and Vygotski have all shown that our common ways of
communicating do more ... than pass on messages. They are sophisticated
efforts, not so much to describe things as they 'really' are, but to share
meanings with others. This is done not through a comparison of experiences
but through the operation of intersubjectivity, as a process ...
... Intersubjectvity is a process of interchange, a dynamic during which
meanings are chosen from a repertoire of language tools into which the
speaker/hearers have been socialised.
(Solomon, 1994, p. 15)

Just as in mathematics lessons where providing acceptable justification depends on
referring to experientially real mathematical objects (Yackel & Cobb, 1996),
determined by the logico-mathematical nature of mathematical knowledge and goals of
mathematical activity and accepted as such by the members of the classroom
community, so in teacher education classes acceptable reasons for particular teaching
behaviours depend on the experientially real role obligations of teachers as defined by
the professional community.
Providing acceptable justification requires the e~istence of a com~unity to
both set standards for adequacy and determine a set of rules for.gUIdance.
The role obligations of teachers a.s members of such a commUI:l1t~ fO,rge
bonds that not only ensure comphance but generate effort and m\oh ement.
(Solomon, 1994, p. 15)
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Buchnlann lists three aspects of teacher obligations: they do not depend on any
particular individuals~ they are not dependent on individual preference; they are
determined by the subject matter that is being taught and learned:
In schoo~s, teache~s are supposed to help students participate in "the
com~umty of subject matter" whose objective contents of thought and
e~p~nence - systems, theories, ideas - are impersonal because they are
~lstlnct from the people who learn or discuss them. They are, to some extent,
Independent of time and place.
(ibid., p. 531)
Buchmann's use of the tenn "objective" is reminiscent of the traditional assumption of
the objectivity of knowledge in general and mathematical knowledge in particular and
reintroduces the argument between a positivist view of knowledge and a radical
constructivist view. For the purposes of the discussion here, however, it is equally
possible to understand objectivity in the radical constructivist sense of socially agreed
upon knowledge. It would seem, therefore, that in both subject matter domains,
mathematics and pedagogy, there are widely accepted views of professional andlor
educated behaviour that must guide the education of novices in each field.
The conflicts and tensions that arise from needing to simultaneously take into account
the students, the teacher, and the wider mathematics education community, to name only
a few of the factors that influence pre-service mathematics education, have been the
impetus for this research into the teaching of mathematical pedagogy. The work that has
been done on mathematics education has provided a framework which has guided me in
my search for ways to reduce these tensions, thus becoming more effective in my
teaching.

THE THEORIES OF REUVEN FEUERSTEIN
The theory of social constructivism, with both its psychological and sociological
elements, discusses the way in which people learn, not the way they should be taught
(Simon, 1995) As discussed above, models of classroom practice in accordance with
social constructivist theory have been developed for the teaching of mathematics both
to children and to teachers. Models have also been developed for the teaching of
mathematics pedagogy (Simon, 1995, Korthagen & Kessels, 1999; Carlson, 1999;
Dunlap & Grabinger, 1996; Carpenter, 1992; Klein, 2001). Feuerstein's theory of
Mediated Learning Experience (MLE), similar in many ways to Vygotskian theory,
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while theorizing about learning, also provides a detailed, practical way of looking at
learning and teaching which can aid teachers at all levels of education in ensuring that
'-

learning takes place for their students and in developing their own teaching abilities
and style.

MLE theory may be seen to be both constructi vist in the Piagetian sense and
sociocultural. Feuerstein, a student of Piaget, concurs with him in seeing the central
role that the individual plays in the construction of his or her knowledge.
The formula proposed by the Piagetian school, known as "stimulus,
organism, response" (SOR), ascribes to the organism, its level of maturation,
and its stage of development, an important role in the registration and actiye
elaboration of stimuli ... Piaget, emphasizing the characteristics of organisms
and their maturation, introduced the notion of activity as no less responsible
for the development of intelligences than the properties of the stimuli to
which the organism is exposed.
(Feuerstein & Feuerstein, 1991, p. 9)
Feuerstein holds, in fact, that most knowledge is gained through this direct contact of
the individual with the environment. He notes, however, that this mode of interaction
cannot account for the differences between individuals in the extent to which they are
able to change (learn) through contact with this external environment. These
differences Feuerstein attributes to the culturally determined intentions and actions of
adults or more experienced peers who mediate the environment for the learner. Although
mediation is seen to be a circumscribed interaction between a single, intentioned adult
(or more experienced peer) and learner or learners, the mediator is seen to be a
representative of the wider culture, mediating that culture for the learner.

Intelligence as a Changing Entity
Feuerstein (1998) begins by offering his own definition of intelligence. As opposed to
the conventional view of intelligence as an entity that is fixed and can therefore be
measured, he sees intelligence as
... energy, an impulse (instinct?) , the n~ed to change in order to adapt to any
situation and to deal with it in an effectIVe way.
(Feuerstein 1998 p. 23, translated from the Hebre\y)
This energy results in the modification of thinking structures and patterns of reaction - in
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other words, in an increase in intelligence. It is not sufficient in his eyes, however, to
consider this as merely a proposition:
I will begin my response in an expression of belief, and that I do
purposefully, in sp~te of.the .r~c~ that as ~ man of science I am expected to
steer clear of such unSCIentIfIc expreSSIons: we believe that the humans are
modif~able beings who are ~ot only c~pable of. changing, but are capable of
changmg themselves accordmg to theIr own WIll and their own decisions.
(Feuerstein, 1998, p. 13)

Feuerstein sees this expression of belief in the ability of human beings to change as a
necessary precondition for any teacher working with children or with adults. If teachers
do not believe that it is possible for the learner to learn, develop and change, they can
easily produce the opposite effect of what they might theoretically intend, to help their
students learn. In the area of mathematics education, for instance, it is not uncommon
to hear teachers characterize their students as being mathematically-minded or not.
Those who are not are often expected not to understand, and are treated differently as a
result of these different expectations.
This view of intelligence as a changing entity is the guiding principle behind
Feuerstein's theories of Structural Cognitive Modifiability and Mediated Learning
Experience (MLE).

Structural Cognitive Modifiability and Mediated Learning Experience
According to the theory of Structural Cognitive Modifiability, human beings are
capable of undergoing structural cognitive change - when change occurs in one
particular area of understanding, it affects the whole of the individual's cognitive
makeup. Feuerstein distinguishes between learning that is simply the addition of bits of
information that do not affect the organism in an essential way, and learning as a result
of which the cognitive structure of the individual is changed. According to Feuerstein
(1990), there are four dimensions of structural modifiability:
*it is preserved over time
*it is stable in the face of changing conditions
*it is generalized over and above the specific incident
*it continues to change and to create further change.
In a situation where the individual's thinking is structurally changed by a particular
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learning experience, he or she will be able to take advantage of the tools acquired on
that occasion when encountering new and different circumstances. The individual
acquires not only new infonnation, but also new cognitive structures which open up ne\\'
areas not previously part of her of his existing repertoire and skills.
According to Feuerstein, however, left on their own, individuals are often unable to take
advantage of many of the learning opportunities available to them in their environment.
As discussed above, this view is in opposition to Piagetian constructivism, which holds
that the only modality of learning is through direct experience with the environment:
For Piaget, learning occurs in an unassisted interaction between the child's
mental schemas and the objects of the external world ... The only
requirement is for the learning milieu to be sufficiently rich so that the child
has enough objects and processes with which to practise his or her schemas."
(Kozulin, 1994, p. 270)
Mediated Learning Experience is the name given by Feuerstein to portray interactions
between mediator and learner which result in structural cognitive modifiability. He
holds that the adult's mediation (or that of a more experienced peer), which directs the
learner's attention to the learning possibilities inherent in a situation and in different
ways prepares the preconditions necessary for learning, is of major importance in order
for significant learning to transpire.
MLE is defined as a quality of human-environment interaction that results
from the changes introduced in this interaction by a human mediator who
imposes him/herself between the receiving organism and the .sour~es of .
stimuli. The mediator selects, organizes, and schedules the stllTIuh, changll1g
their amplitude, frequency and saliency~ and ~rns t~em .into powerful
determinants of behaviour instead of randomIzed stImulI whose occurrence,
registration and effects may be purely probabilistic.
(Feuerstein, 1990, p.78)

It is the unique contribution of MLE that it renders the learner more capable of learning
in the future - it increases the adaptability of the organism to its environment, rendering
it more modifiable when faced with environmental changes.
The change produced by MLE has no~ only been in .the realm o~ learned.
content, but in the learning structure, III the propenSIty for leammg, and ~n
the growing capacity of the organism ... to benefit from exposure to learnmg
situations.
(ibid., p. 76)
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Although knowledge may be gained through direct experience with the environment,
this propensity for learning cannot.
We ~rgue that .the human bein~ can ac.quire much knowledge also without
medIators, seeI~g as he or she IS born Into the world equipped with the skills
that e~~ble contInued development and progress through direct stimuli. But
the abIlIty to change and the characteristic flexibility of the human are
acquired through mediated learning experiences.
(Feuerstein, 1999, pp. 74-75)
Feuerstein holds, therefore, that it is the responsibility of adults, including teachers, to
mediate the environment for the learner. Teachers must become aware of the critical
influence that they necessarily have on the development of their students' intelligence.
It is their role and responsibility to orchestrate learning experiences that will provide
their students with the best opportunity to develop their own thinking. Teachers who
are not aware of their influence can generate classroom experiences that either do not
support this development or result in the actual obstruction of further development.
Reminiscent of Dewey (1963), Feuerstein asserts that experience can have the result of
blocking further learning rather than stimulating it:
Any experience is miseducative that has the effect of arresting or distorting
the growth of further experience.
(Dewey, 1963, p. 26)

Feuerstein emphasizes the importance of this information for the teacher:
This knowledge is needed by the teacher in order for him to understand his
responsibility - this organism is changing at his fingertips.
(Feuerstein, 1999).
Equipped with this understanding, both teachers and teacher educators can no longer
accept with equanimity teaching practices that result in the decreased ability of the
learner to learn .
... the centrality of a human mediator. in the teachi~g I?roces~ should be
emphasized and, as a result, appropnate changes InstItuted In teacher
preparation. Teachers should be ready to wo~k on the enhancement of every
student's learning potential and zone of proXImal. development, rather than
on just covering information required by the curnculum.
(Kozulin & Presseisen, 1995, p. 74)

It is important to note that for Feuerstein the goal of the learning process is the
development in the learner of the ability to learn autonomously. An individual who has
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received sufficient mediation in the past becomes capable of mediating for him or
herself in the future. The emphasis placed on the generalization of kno\vledge and on
its transfer between domains will enable the learner to learn new fields of knowledge in
an independent manner as well. Connected with this is the proposition that along with
producing modifiability, MLE results in more flexible and diverse thinking:
... on~ of the most ~n:portant ch~r~c.teristics unique to humanity is its

cons~dc:rable pla~tlClt~ a!ld flexlblhty, making the human capable of
m?dIfYlng a!ld dIve~sIfymg his cognitive structure in a radical way which
~Ill <l:ffect hIS capaCIty to learn to adapt to more complex and unfamiliar

SI tuatIOns.

(Feuerstein & Feuerstein, 1991, p. 1~)
The relevance of these hypotheses for mathematics education may be seen in the
importance that the use of MLE may have both for a popUlation whose experience of
mathematics has often been miseducative, and for the initial mathematics experiences of
children in their first years of schooling.
Because of the central role in my research of MLE theory and its practical applications
as outlined by Feuerstein, I will attempt to portray those aspects that are most relevant
to my work in a sufficiently detailed way, while showing how they can be useful for a
social constnlctivist theoretical framework.

The Parameters of MLE
In order to understand and operationalize the theory of MLE, Feuerstein has articulated
12 parameters of mediated learning experiences that point to the qualities of those
interactions that make learning interactions both effective and significant. These
parameters offer the mediator a way to plan, carry out, and evaluate their teaching. Of
these, the first three, intentionality and reciprocity, transcendence, and mediation of
meaning, are considered the necessary conditions for any mediated learning experience without these an interaction will not be MLE. Ben Hur (2000) characterizes the work
of teachers who act as mediators using these three criteria of MLE:
Teachers who act as mediators intend to structurally change, cultivate, and
crystallize specific student cognitive behaviors and/or concepts; they target
student cognitive behaviors and/or concepts whos~ values. transcend the
specific time, place, context and content they use III teachmg; and they form
learning experiences that are imbued with meaning.
(Ben Hur, 2000, p. 44)
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Here I will briefly analyze these first three criteria as they relate to the work of teachers ,
whether they be working in schools with children or in higher education with adults.
Intentionality and Reciprocity
The importance of interactions that can be classified as MLE lies in the focus on the
effects they have on the learner. Unlike the all-too-common notion of teaching, for
Feuerstein it is not enough that the teacher teaches - "covering the material" will likely
not result in any significant effect on the learner.
yve can. communicate unit~ of information to the child. We can give him
InstructIOns. We can tell h.lm a story. We can offer him food, sing him a song
or talk about the clouds WIthout necessarily mediating to him .. .In order to
~urn thi~ interacti(~m into ~ mediated learning experience, we have to give the
mteractIOn a speCial qualIty, one that is necessary in order to affect the
child's cognitive system and produce a higher level of modifiability in him.
(Feuerstein, Rand, Ryders, 1988, p. 60)
The criterion of intentionality and reciprocity relates to this quality of MLE. In order to
be said to be mediating, the mediator must mediate his or her intention to do so and,
additionally, to ensure reciprocity on the part of the learner. Reciprocity is that response
that ensures both the leamer's cooperation in the learning activity and his or her
cognitive structural change. From Feuerstein's point of view, it is not the acquisition of
subject matter that is the primary goal of the learning interaction, but rather the ability
of the learner to take advantage of learning opportunities in the future. The teacher
should be aware of the primacy of this goal and mediate this intentionality so that the
learner, too, will be aware of it.
In a learning situation the child should realize that the real objective of
learning activity is not a particular task or puzzle, but the child's own
thinking.
(Kozulin & Presseisen, 1995, p. 70)

In an interaction characterized by intentionality and reciprocity, the mediator takes into
account the physical, mental and emotional state of the learner as well as the attributes
of the material to be learned, and accommodates these to each other. At the same time,
the learner responds by taking into account the intentions of the mediator and the
attributes of the material as they are perceived. The learner is aware of the fact that his
or her needs and desires are being taken into account and responded to and is therefore
more likely to feel empowered and willing to cooperate with the mediator. Tzuriel
discusses the empowering aspect of intentionality and reciprocity. Relating to mother-

60
child interactions, he notes:
The r~ciprocity aspect is characterized as a process in which the mother and
the.chll~ are mutu~lly and alternatively responding to one another. The
reCIprocIty aspect IS conceptualized as ~sse~tial for the development of basic
fee~mgs of.com~eten~e and self-determmatlOn. Interactions imbued with
reclpro~alintentlonahty assist the child in realizing that his actions
?etennine other people's behaviors and foster his organismic belief that he
IS the agent of change.
(Tzuriel, 1991, p. 97)
This affective quality of reciprocity is suggested by Klein as well:
An ~nv~ronment that reacts tc? the c~ild e,nables hiI~l to learn a basic principle
t~at IS hk~ly to accomp~ny h~m dunng hIS whole lIfe, and that is that people
hsten to hIm, react to hml or m other words, that it is worthwhile to act. A
chil? that lives in. a world where everything happens without any connection
to hIS own behavlOur.. .learns that there is no point in trying to act because in
any case everything happens regardless of what he does.
(Klein, 1985, p. 41, translated from the Hebrew)
This reflexive relationship between the mediator and the mediatee brings to mind the
view of situated learning theory that locates learning in the interaction between the
learner and the context (Lave, 1988; Lave & Wenger, 1991, Rogoff, 1990). Rogoff (p.
17) looks at the intentionality of both the child and the caregiver, where the child might

purposely attend to the acts of a trusted guide in order to benefit from those acts. This
similarity is strengthened by the way in which Feuerstein sees change occurring in all
participants in the interaction. In an interaction characterized by intentionality and
reciprocity there are three factors involved - the mediator, the mediatee, and the object
to be mediated. The object, or the material to be learned, is changed by the mediator so
that it will become more salient to the learner - it may be physically presented in such a
way that the learner will notice it, by positioning the thing itself directly in front of the
learner, by bringing attractive illustrations of the real phenomenon, by highlighting a
particularly important passage in a text through bold type, through repetition, or through
reading it louder and more deliberately than the rest of the text.
The mediatee is changed in two ways. First, before any attempt at mediating the content
is made, his or her attention must be gained. In order to do this the mediator can simply
point out the importance of the learner's attention at that particular moment, or s/he can
say something surprising, make a joke, or change his or her tone of voice - thus
ensuring the learner's fullest attention to the object to be studied. Second, the leamer, as
a result of the interaction, undergoes cognitive structural change, change that will affect
his or her ability to continue to learn in the future.
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Finally, the mediator/teacher is affected by the interaction as well. S/he must learn from
the learner as well as from the particular subject matter with which the learner is faced.
S/he changes her actions, s/he changes her strategies, s/he changes her ways of thinking
- all these are necessary preconditions if s/he is to mediate for the learner in the most
effective way possible.

This situated view of the mediator's learning emphasizes the importance of MLE for the
mediator him or herself. Interaction with the learner and the material results in his or her
continual learning and development. It provides at least one of the ways by which
professional development can continue as a life-long process initiated by the
practitioner in the framework of day-to-day work with students.
Transcendence

Transcendence may be seen as the mediator's attempt to extend a CUlTent and specific
learning situation to diverse virtual contexts so that the learner will learn when and how
it is possible to apply presently-learned skills and concepts in varied contexts.
Feuerstein, like Collins et al. (1989) in their construct of cognitive apprenticeship,
emphasizes the importance of both lateral and vertical transfer, lateral being the transfer
of skills or concepts across situations, while vertical transfer, occurring between
lower-level and higher-level concepts or skills, involves their explicitly articulated
abstraction.
In mediating transcendence the mediator attempts to distance the learner from the
immediate situation that is being experienced. When an individual is interested only in
the satisfaction of immediate needs, actions are carried out in response to the way
the situation originally presents itself, with little or no consideration of alternatives and
therefore offering no opportunity to engage in significant reflection or problem solving.
The mediation of transcendence widens the scope of the interaction to areas that are
suited to the fulfillment of more remote goals. An adult who grabs a child about to run
into a busy street achieves the immediate goal of the interaction. But it is only through
his or her accompanying explanation of the reasons for the act that the child will a)
begin to understand that it is always necessary to look before running into the street, and
b) begin to understand that there are reasons behind encounters with adults in their
daily lives that lnight otherwise seem arbitrary. A system of expectations will develop
in regard to all phenomena that are met in the child's world - things generally do not
just happen in random and unpredictable ways. There are reasons behind most
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occurrences, and these reasons are often, to some extent at least, accessible to the child
who questions and explores these phenomena.
Structural. cognitive.chan~e in th~ c~ild is made possible only by
tr~ns?endIng the satIsfactIOn of hIS 1I1!mediate needs. These changes in his
thI~king ar~ .expr~ssed, for. exampl~, In the need and expectation of the child
~o fInd ~dditIonal InfonnatIon that IS connected with what is happening in the
Im-?1edl~te pre~ent. In. other words, ~he ~hild' s repeated experience of the
satlSfactIOn. o~ ImmedIate needs WhICh IS accompanied by verbal or nonve~bal n.:ediatIOn of ?0.ntent and meaning that are not necessarily part of the
satIsfactIOn of the ongInal need - that is what creates in the child the
expec.tation that every experienc~ does not stand alone in space, that
expenences happen In context With other things, that there are reasons and
results.
(Klein, 1985, p. 44 - translated from the Hebrew)
Achieving the major goal of MLE, increasing the flexibility of the learner's cognitive
system, can only be done if the oppOliunity presents itself to stand back, review the
situation from a distance, weigh possible alternative solutions, and choose that which
will best achieve a future goal. This process results in the identification of underlying
principles which can in turn be trans felTed to other situations and tasks. Because most
of our interactions with the world are direct interactions, without the benefit of
mediation from another human being, the transcendent nature of MLE is of prime
importance.
Feuerstein also calls transcendence the "humanizing factor" - it is what distinguishes
between human functioning and what seems to be the functioning of other animals.
(Feuerstein, 1998, p. 52). This factor is expressed in the human need to look for cause
and effect, but it is also evident in the collective and cultural nature and needs of human
beings. The values and beliefs of a particular culture are mediated through the
significance given to particular occurrences over and beyond the immediate goals of the
interaction.
An example of the mediation of transcendence in mathematics education, for instance,
may occur when a mistake is not seen as a negati ve phenomenon, but rather as an
opportunity to understand why the mistake was made, thus enabling further learning. In
an MLE interaction, the mistake would not only be discussed and understood, but the
importance of errors and their positive contribution to the learning process is
mediated. This interaction can help to establish a different communal norm in regard
to the making of mistakes, the learner is personally involved in a developing
community of practice, and the result is the leamer's structural cognitive change.:
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Tra.nscendence, ~s~b1ish~d by c':lltura~ imperatives, preferences, or styles,
ennche~ the medIatIOnal mteractIOn wIth components of time, space,
succeSSIon, order, culture, and other dimensions that have importance to the
development of the child's cognitive structures.

(Feuerstein & Rand, 1997, p. 65)
Mediation of Meaning

In the mediation of meaning, the mediator invests stimuli, events or information with
"personalized meaning", meaning which is derived from his or her own background
and understanding. Feuerstein sees the mediation of meaning as being the "energetic
factor" of MLE. Without a sense of the importance of the material being learned,
without knowing the reason that this material has been chosen for study, there is little
likelihood that the learner will choose to invest the effort necessary to learn. This
involvement of the learner in the learning process not only ensures the receptiveness of
the learner to the world, but also the fact that he or she "is engaged in a mutual
interaction with it" (Feuerstein & Rand, 1997, p. 66).
An important effect of this criterion of MLE is that learners for whom meaning has
been mediated will come to assume that there must be reasons for learning particular
subject matter. As such, they will become accustomed to look for meaning in other
situations as well, and finding meaning will become a necessity for them in any learning
situation. As a result of this propensity to ask "why" and "what for", these learners
will begin to look critically at incoming information rather than passively accepting the
prescripts of accepted authority figures. The mediation of meaning
reflects the need systems of the mediators as a detern1inant of their intention
and their perception of the goals for the future that they set for themselves
and their progeny or their mediatees.
(Feuerstein, 1990, p. 98)

In the case of teachers of mathematics, this questioning of content and the search for
justification of what and how particular content is being taught may change the very
essence of their teaching. This is the case both in their role as receivers of cmTiculum
and in their role as mediators of meaning for their students. It is often the case that
teachers themselves are not aware of any particular reason for teaching a subject other
than the fact that it is either a curriculum requirement or that it is simply taken as a
societal given - as is the continued teaching of the long-division algorithm in spite of its
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having been deleted from the mathematics curriculum in many places in the world.
Even when teachers understand the significance of what they are teaching, however,
and have chosen to teach in a certain way for particular educational reasons, it is often
the case that they do not think to mediate this meaning to their pupils. From the point of
view of the children, the material is "studied" because that is what the teacher has
decided must be. Doubts regarding the utility of a particular subject is often voiced by
children outside of the classroom, not directly to the teacher, who might otherwise
actually take up the challenge and attempt an answer. The necessity of mediating
meaning to their students may in itself help teachers take a step back, look at what they
are teaching, consider their own reasons for teaching it, make judgments regarding the
utility of various subjects and consider the best ways to go about teaching that subject
matter that has withstood their critical attention.
Feuerstein discusses the ethical question regarding the mediation of meaning - what
right does the mediator have to force his or her own personal meanings on the learner?
The imposition of the meaning of the adult mediator on the child, or even
adult, mediatee raises an ethical question: Who gives one the right to
mediate, i.e. to impose one's own meaning and significance on the mediatee,
determining by this not only his immediate behavior but also his future
decisions?
(Feuerstein & Feuerstein, 1991, p. 25)
This question has been one that has concerned many educators, and led to attempts at
taking a more "objective" stance in their educational work in the hope that would allow
their students to develop their own personal stands on issues that arise (Elliott, 1991).
Feuerstein argues, however, that lack of mediation of meaning will result in the leamer's
inability to do just that. The role model that the mediator provides when he or she takes
a stand on a particular issue, looking critically at situations, deriving meaning from
them, coming to conclusions as a result of these considerations, and expressing these
conclusions , is vital if the learner is to learn to do the same.
Among parents and educators for whom the ethical ba~is of the me?i~tion of
meaning is called into question, this tend~ncy [to r~fram from me?Iatmg
meaning] has become an ideology ~~c~rdmg.to w~Ich the con:reymg.
meaning by the mediator with specIfIC l?tentlO~s 1~ unwanted m that It IS .
considered too close to dogmatism and mdoctnn~tlOn. The. followers of thIS
"ideology" ignore the damage caused by ~nte~actlOns deVOId of the .
mediation of meaning. This lack of meanm~ mflue.nces. both the medlat~r
and the mediatee, regarding the amount of mteractl.on, Its character and ItS
power, not only between the mediator and the medlatee but also between the
organism and the environment.

or

(Feuerstein, 1998, pp. 55-56, translated from the Hebre\\')
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The view that the learner must learn to find meaning through contact with role models
who externalize this process is another aspect of the situational character of MLE. The
reciprocal nature of mediation also suggests the importance of the learner's frame of
mind in the interaction, thus fulfilling at least this aspect of constructivist-based
teaching. In addition, however, from a constructivist point of view, it would seem that
mediation of the mediator's meaning need not preclude the mediation of the leamer's
own meaning as well. In fact, it may be that the students' active involvement in the
attribution of meaning is not something that can be postponed to a later date, but rather
must be incorporated into the learning process itself. For this reason, the students'
mediation of their own meaning was given a central place, alongside my own, in our
lessons throughout the year.
Additional Parameters of MLE
The parameters of intentionality and reciprocity, transcendence & meaning are
considered to be necessary criteria for the very existence of MLE - if an interaction is
lacking in one of these it is not considered MLE. Klein (1985) holds that the fourth
parameter, mediation of the feeling of competence, should be included in the list of
necessary conditions. Particularly in the case of mathematics education, whether it be
that of college students or schoolchildren, the perception that the learner has of her
ability to be successful in mathematics is of prime importance. And specifically for
mathematics teachers, the belief that the teacher is competent enough to ensure the
success of all her students is a precondition to the professional attitude that is necessary
to enable her to do so.
In addition to the first three criteria of MLE, then, Feuerstein lists nine additional
parameters that in his view are frequently found in mediated leaming experiences but
are not prerequisites for its existence. They are:
Mediation of a feeling of competence
Mediation of regulation and control of behaviour
Mediation of sharing behaviour
Mediation of individuation and psychological differentiation
Mediation of goal seeking, goal setting, and goal achieving behaviour
Mediation of challenge: the search for novelty and complexity
Mediation of awareness of the human being as a changing entity
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Mediation of the search for the optimistic alternative
Mediation of the feeling of belonging
I will further elaborate some of these parameters as they arise in the account of my
teaching during the year.
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CHAPTER THREE
METHODOLOGY AND METHODS
METHODOLOGICAL CONSIDERATIONS

Action Research

Elliott defines action research as 'the study of a social situation with a view to
improving the quality of action within it" (1991, p. 69). Carr & Kemmis (1988) relate
particularly to the context of education:
Act~o? research is a fonn of self-reflective enquiry undertaken by
partIcIpants (teac~ers, st~den~s or principals, for example) in social
~mc.Iuding educ~tlOnal) sIt~atlOns m order to improve the rationality and
JustIce of (a) theIr own SOCIal or educational practices, (b) their
understanding of these practices, and (c) the situations (and institutions) in
which these practices are carried out.

(Carr & Kemmis in McNiff, 1988, p. 2)
The enactment of an action research project was in many ways a natural continuation of
the educational activity I had been engaged in during my career as a teacher. The values
and educational principles developed during my formative years as a teacher were
greatly influenced by the open education and curriculum-reform movement in Britain
and North America in the 60' sand 70' s (Neill,1960; Holt, 1964; Kozol, 1967; Kohl,
1969; Nuffield, 1971; Stenhouse, 1975). In these, traditional transfer models of
education, whereby knowledge held by teachers must be transferred to the minds of
children, were radically changed. Elliott (1995) comments on these new approaches to
learning and teaching in schools that are important both for teacher education and for
action research as well:
Learning is viewed as the active production rather than the passive .
reproduction of meaning. Its outcomes are ~o longer to be. as~essed m te~s
of the match between inputs and predetermmed output cntena, but rather m
terms of the intrinsic qualities of being they manifes~. Whe?-leaming is
viewed as 'active production' then it becomes a l1?-amfesta~lOn. of human
powers, e.g. to synthesize disparate and compl~x mfo~atlOn mto cohe~ent
patterns, to look at situations from different pomts of VIew, to se~f-~omtor
personal bias and prejUdice, etc. The development of unde~standl1:g IS
construed as the extension of the students' natural powers III relation to the
things which matter in life. The manifestation of such qualities can be
described and judged but not standardized and measured.
(Elliott, 1995, p. 10)
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The view of learning as active production, the focus on the power of human beings to
change their knowledge structures, and the necessity of changing assessment methods
to suit these assumptions are three elements which Elliott finds that lead to a \'iew of
teaching which facilitates
... an indetermin~te ~i,alectical process between public structures of
knowledge and mdlvIdu~1 subj~cti~ities. Its focus is on the process rather
than the product of leaf!1mg. It IS dIrected toward activating, engaging,
challengmg and stretchmg the natural powers of the human mind.
(ibid.)
According to Elliott, in order to develop a teaching practice that will resemble this
description to the greatest extent possible, it is not enough to study learning, but rather
it is necessary to look at the extent to which teaching supports this view of learning as
well.
Such a pedagogy requires teachers to reflect in as well as on the classroom
process quite independently from any assessment they make of the quality
of the learning outcomes. Pedagogy is a reflective process. It is process
rather than product data which fODllS the basis of evaluations of teaching.
(ibid.)
Examination of the components of this view of learning and teaching shovvs that these
premises may carryover into a changed view of research as well. If learning is a
process then the study of learning must focus on its processes rather than its outcomes.
These complex processes cannot be assessed using a research paradigm taken from the
natural sciences. If the goal of the research is to aid the improvement of teaching
practice, then the researcher must not only understand these processes, but also search
for ways of teaching which will actively enhance them. Modes of action research were
developed to answer these practical needs of the field.
Corey ( 1954) notes a number of important questions that are often posed regarding
teachers' knowledge, such as how teachers identify learning problems, how they analyze
them, how they ameliorate the situation and how they evaluate change. He looks at the
way in which these questions are often responded to:
These kinds of questions, or ones like them, have to be considered in all
kinds of teaching at all levels. The answers to them are often base~ on
hopes, casual impressions, and superficial observations. When thIS IS so,
teaching becomes a rule of thumb - largely guess work. We never really
know. We learn how to do better only occasionally. We don't seem to
improve.
(Corey, 1954, p. 208)
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This description accurately depicts my feelings regarding my own teaching before
beginning my research. Corey suggests becoming more objective and scientific by
carefully observing the behavior of the leamer, developing teaching-learning situations
which are in tune with their needs and their character, and testing the results of these
endeavours by gathering "dependable and appropriate" evidence of the resulting change.
When we seek answers to important questions in this way, we become
researchers. We study wh9-t we do. We begin to know more and more rather
than to guess or hope more and more. This kind of research is often called
"action research". It is a method of problem-solving that practitioners teachers, administrators, supervisor - can employ to improve the quality of
their decisions and actions. It is research conducted on the firing line.
(Corey, 1954, p. 209)
Elliott proposes a definition of action research which emphasizes this symbiotic
relationship between research and practice:
Action research might be defined as 'the study of a social situation with a
view to improving the quality of action within it.' It aims to feed practical
judgement in concrete situations, and the validity of the 'theories' or
hypotheses it generates depends on ... their usefulness in helping people to act
more intelligently and skilfully. In action-research theories are not validated
independently and then applied to practice. They are validated through
practice.
(Elliott, 1991, p. 69).
In his view, this identity between the acts of teaching and research is the attribute that
defines action research and distinguishes it from other kinds of teacher research.
The term 'action research' indicated a clarification of the research paradigm
involved, and the relationship between research and teaching. They were not
conceived as two separate activities. Teaching was v~ewed as a form of
educational research and the latter as a form of teachmg. In other words the
two activities were integrated conceptually into a reflective and reflexive
practice.
(ibid., p. 30)

This singularity of purpose of teaching and research in action research allowed my
attention to focus on both, while the understanding of each was supported and taken
forward by the other.
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Frameworks of Action Research

The above view of research fonns the basis for the teacher-as-researcher movement
(Stenhouse, 1975) that has gained momentum over the years (Altrichter et al., 1993~
Atkinson, 1994~ Elliott, 1991 ~ Rudduck, 1986), and which served as the basic
framework on which I based my own action research.
To the extent that there is a teacher research/action research 'movement'
there are particular values that its advocates endorse. These include a
'
concern to democratise research by making it more accessible and
a~c?~ntable to teachers, thereby challenging the traditional theory-practice
dIvISIon. Ther~ are also concerns to empower teachers as a professional
group ~y helpln~ th~m to become more educationally and politically aware:
reflectlon on actIOn IS seen as a means to that end ...
(Rudduck, 1986,p. 2)
There was one way in which my research was different from that portrayed above, and
that is in the view of action research as a collaborative enterprise. Although there are
some (Winter, 1996) who allow that the collaboration in research can refer to that
between the researcher and her or his participants, in most academic formulations of
teacher action research collaboration is seen as that between the teachers and external
university-based supervisors, or as that of a team of teacher researchers, most often
working in the same institution (Cohen, Manion & Morrison,

2000~

Carr & Kemmis,

1986; Elliott, 1991; Zuber-Skerritt, 1992). Collaboration of this kind was not possible in
my own research. My supervisors, who themselves were not action researchers, were
situated at a university in a distant country, and e-mail communication with them was
far from fluid. Because the research was being done as a doctoral dissertation, it was an
individual enterprise, not a collaborative effort. I therefore needed to make do with the
input and feedback received from my students, and from occasional conversations with
colleagues who were themselves occupied in writing their own doctoral dissertations.
This same difference existed with regard to an additional fonn of action research with
which I otherwise identified, emancipatory action research advocated by Carr and
Kemmis (1986). They distinguish between three types of action research: technical,
practical and emancipatory, while holding that only the last is 'true' action research. The
first, the 'technical view' of action research sees teaching as a craft, and the goal of
research as improving the efficiency of educational practice.
Teachers' knowledge is assumed to be about the means available and their
relative effectiveness under different circumstances.
(Carr & Kemmis, 1986, p. 35)
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In technical research the educational setting is taken for granted - there is no critical
evaluation of the purposes of education, the effects of unjust societal practices, or the
need to develop different kinds of skills, knowledge and attitudes in children.
The 'practical view' of action research sees education as a complex and fluid activity
which is not amenable to means-ends technical control. Education is seen as a process
which can be influenced, not controlled, through the work of expert teachers whose
understanding is based on practical deliberation, and whose classroom intervention is
both informed and .prudent.
C\he practitioner) usesyrofessional judgment responsively, guided by
cntena based on expenence and learning which distinguish education
processes from non-educational processes and which separate good from
indifferent or bad practice.
(Ibid. p. 37)
The third, 'strategic view', the one that characterizes emancipatory action research,
sees education as an enterprise that is historical, social and political: it takes place in a
historical context while holding before it a view of the kind of future the researcher
hopes to build; it is a social activity which has social consequences over and above the
effects it may have an any particular individual; and it is a political undertaking in that it
detem1ines the life chances and expectations of future citizens. A basic attlibute of
emancipatory action research is its view of the importance of the dialectical
relationship between individual and group responsibility in educational settings: in order
for the individual to effect change in his or her narrow teaching context, institutional
social and educational relationships must be taken into account.
Having grown up in the sixties, and having learned the lesson of the burgeoning open
education movement at the time, I had naturally acquired a critical attitude towards
society, education and my own teaching, and therefore identified strongly with the view
of emancipatory action research. I too felt the necessity of reexamining and
reconsidering all elements of the educational process: its purposes, the kind of society it
supports, the kind of knowledge it encourages. However, the centrality of collaboration
in this fonnulation of emancipatory action research prevented me from describing my
own research as such.
The fonn of action research which best embodies the values of a critical
educational science is emancipatory action research. In emancipato!)'
action research, the practitioner group takes joint responsibility for the
development of practice, understandings and si tuations, and sees these as
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socially-constructed in the interactive processes of educational life. It does
not treat teacher responsibility for classroom interaction as an individual
~atter, ~ut,. on the contrary, takes the view that the character of classroom
InteractIOn IS also a matter for school determination and decision-making.
(Carr & Kemmis, 1986, p. 203)
Another major reason for my inability to view my research as emancipatory, quite
likely connected with the above, was the fact that I was a relative newcomer to the field
of higher education: when I began my research I had been teaching at the college for
only three years. This situation caused me to feel what I consider to be appropriately
modest; as an individual conducting action research, I certainly did not see it as within
my power to
... create conditions under which the critical community can be galvanized
into action in support of educational values ...
(ibid., p. 5)
While I was interested in improving my practice, and hopeful that my work with
students would, eventually, have some influence on the way mathematics is taught in
the country, I was not in a position at that time to, any direct way, transform my
social context.

It would be possible, then, to characterize my research as practical action research in

accordance with the categories described by Carr & Kemmis. Although for them this
fonn of action research is insufficient in that it is impossible to isolate one's individual
teaching situation from the wider context, Zuber-Skerritt (1992) suggests that all three
[onus can be seen as legitimate when seen as stages in the development of an
individual's research.
For Carr & Kemmis only emancipatory action research is true action
research. In my view the three types are developmental stages, and it is quite
legitimate to start with technical enquiry and progressively d~velop !hrough
practical and emancipatory action research. However, t~e ultImate aim
.
should be to improve practice in a systematic way and, If warr,:n.ted, ~o
suggest and make changes to the envir~nm~nt, contex~ or CO~dItIOnS III
which that practice takes place, and whIch Impede deSIrable Improvement
. and effective future development.
(Zuber-Skerritt, 1992, p. 11)

Having now worked as a teacher educator for more than ten years, and begun to
discern the educational influence I have had on the understandings and teaching
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practices of many of my former students, I now have the perspective and the confidence
to see that my research has contributed to the wider practice of mathematics education in
the city of Jerusalem. My standing in the college is now based on years of experience
and (relative) success with my students, and I now feel that I am able to influence the
institutional setting within which I work. I feel, therefore, that in accordance with
Zuber-Skerritt, my practical action research has been a stage in my development as a
researcher, and that I now have the ability to conduct my next action research project in
the critical spirit of emancipatory action research.
Self-Study

A third framework of action research which has strongly influenced my own work is
that of self-study teacher action research. Hamilton & Pinnegar define self-study as
inquiry that takes advantage of professional autobiography, the wider context in which it
is situated, and traditional academic theory.
What is self-study? Self-study is the study of one's self, one's actions, one's
ideas, as well as the 'not self. It is autobiographical, historical, cultural and
political and it draws on one's life, but it is more than that. Self-study also
involves a thoughtful look at texts read, experiences had, people known, and
ideas considered. These are investigated for their connections with and
relationships to practice as a teacher educator.
(Hamilton & Pinnegar, 1998, p. 236)
Self-study is the natural extension of Schon's fonnulation of the necessity of
developing a tradition of inquiry into the epistemology of practice which takes into
account the practical experience and reflection-in-action of professionals. According to
Schon,
... when we reject the traditional view of professional knowledge, recognizing
that practitioners may become reflective rese~rchers in situations of
uncertainty, instability, uniqueness and ~onfllct, we ~ave recast,the
relationship between research and practIce. For on thIS perspectIve, research
is an activity of practitioners.
(Schon, 1983,p.308)

The nature of inquiry into one's own teaching demands a model of research that allows
the researcher to reflect on her or his own practice, while clearly referring to the self in
the process. The model of social science research in which the researcher refrains from
using the pronoun "I" cannot be suitable for this kind of inquiry.
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I as a Living Contradiction

Whitehead suggests two major questions in which the "I" plays the central role, that are
the focus of educational research: "How do I improve this process of education here?"
and "How do I live my values more fully?" (Whitehead, 1993, p. 7). In my own case
these questions may be phrased thus: How do I improve my teaching of this didactics
course in early childhood mathematics? and How do I live my values more fully in
doing so?
The issue of values is relevant to my work in two important ways. First relates to the
extent to which I succeed in teaching according to my beliefs - in putting into practice
those principles that I regularly preach to my students. The discomfort that I felt with
my inability to put into practice much of what I viewed to be important in my teaching
was a major source of motivation in my decision to carry out action research. One of
Whitehead's major contributions is his view of the practitioner, who, in her or his
attempt to live up to personally held educational values, simultaneously encounters
their contradiction. Tiller uses the concepts of the "expressed" and "actual" curriculum
to look at this contradiction:
When we examine the relationship between the expressed and actual
curriculum we will probably find that there are significant differences
between the values we express and those that characterise our practical
work. ... ln this encounter with the self many people express a feeling of guilt.
The distance between what actually takes place in the classroom and what is
propounded as good teaching has proved a fruitful staring point for
discussion and analysis of one's own everyday work.
(Tiller, 1995, p. 49)
The tension between theory and practice is teachers' personal daily fare. Whitehead
therefore suggests that practitioners consider themselves, the "I", as a "living
contradiction" in attempts to improve practice by more closely aligning their values
and their practice.
[Whitehead] is keen to keep the teacher-practitione~ at the. centr~ of the
enquiry. Unless we keep the living 'I' in. our ed~catIOnal dISCUSSIons, he .
maintains action research loses touch WIth realIty and becomes an academIC
exercise . .'.. the 'I' of each individual is his unassailable and inalienable
integrity ... the 'I' is a living, pro-~ctive en~it):'. It is vital that w~ ack~owledge
the force of the individual conSCIOusness III Illterpersonal relatIOnshIps. It IS
this force that makes possible, and its acknow.ledgment that encourages, a
one-to-one relationship between persons that IS fundamental to human
enquiry.
(McNiff, 1988, p. 37).
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The question of my interpersonal relationships with my students points to another way
in which the issue of values arose in my work. In this my experience of myself as a
living contradiction related to the degree to which I felt I should or should not force my
own values on my students. My desire to increase my educative influence with my
students felt at times to be in conflict with two important values that I held: mv liberal
-'

desire to refrain from forcing my own my values and beliefs on my students, and my
understanding that their beliefs, in order for them to be truly be their own and therefore
salient in their future work, needed to be personally and meaningfully developed by
each student on their own. A potential solution lay in learning to teach in accordance
with those values myself: to provide active experiences for my students that would
better allow them to construct their own understandings and subsequent beliefs.
Becoming aware of myself as a living contradiction, and seeing this as a catalyst to a
process of improving my teaching, enabled me to begin a reflective journey which has
resulted in a more personally acceptable mode of interacting with my students.
Living Educational Theory
According to Whitehead, action research, while being practical, is also the way to
develop educational theory. Here, however, theory and practice are considered in an
integrated fashion, each affecting and being affected by the other.
Linguistic definition is inadequate as a medium for the clear expression of
educational values. (It) needs to be supplemented by ostensive definition for
a clear communication of the nature of educational values. The necessity of
'pointing to practice' (ostensive definition) prevents the separation of theory
from practice in the constitution of educational theory.
(Whitehead, 1993, pp. 36-37)
He addresses educational theory from the point of view of the practitioner by holding
that the importance of theory for the practitioner lies in its potential to provide
guidelines and guidance for a developing professional view of education.
One of the distinguishing features of a profession is a bo~y of theory w~ich
can help to justify and improve its practices. I ho~d th~ Vl~W that educatIOnal
theory is a form of dialogue which has profound Impl1c~t1.ons for t~e f~lture
of humanity because of the values it holds and because It IS embodIed III our
practical lives in our workplaces and in wider society.
(Whitehead, 1993, p. 6)
The resultant theory is what Whitehead calls 'living educational theory'. It is the
individual's description and explanation of his or her educational development which,
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along with the living educational theories of other practitioners, constitute a body of
educational theory which is relevant to and supportive of the practice of teachers and
others working in the field of education. In order for educational theory to be relevant
for practitioners, it must have the power to explain their professional development.
One of the major problems which has led to the discrediting of traditional
forms of. educational theoIJ: was that they could not produce adequate
explanatIOns for the educatIOnal development of individuals. A theory
should also be able to ~nswer questions concerning why things happen. In
the approach to educatIOnal theory advocated here the 'why' questions are
answered in terms of 'value' . Like Ilyenkov (1982) I take 'value' to be a
human goal for the sake of which we struggle to give our lives their
particular fonn.
(Whitehead, 1993, p. 54)
Thus, although the concept of self-study may seem inward looking, it has the potential
to contribute to more general, although practical, theories of learning and teaching.
Teacher educators, many of whom were classroom teachers prior to entering
the academy as university-based educators, engage in self-study both for the
purposes of their own personal-professional development and for broader
purposes of enhanced understanding of teacher education practices,
processes, programs, and contexts ... The purposes are not mutually exclusive.
The fonner purpose typically has a largely practical (often pedagogical)
focus and is usually self-oriented in that the general aim relates to the
ongoing improvement of one's own (pedagogical) practice. The latter
purpose has a broader aim more generally related to the production and
advancement of knowledge about teacher education practices and the
programs and contexts within which they are situated. Both purposes have to
do with refining, refonning and rearticulating teacher education.
(Cole & Knowles, 1998, p. 225)
This new fonn of educational theory has the potential to enhance the professionalism
of teachers. While in other professions, research is closely bound up with professional
practice, this has not been the case in the field of education:
A tiny proportion of educational research- that is, funded research, carried
out by proper procedures and then made public knowledge thr.ou~h
publication - is undertaken by practising teachers: .the, vast maJ?nty of such
research is conducted by university-based academICS Involved In teacher
education who do not teach in schools.
(Hargreaves, 1996, p. 3)

Hargreaves holds that educational research is, in contrast to that found in the field of
medicine, non-cumulative, resulting in the lack of an agreed knowledge-base for
teachers.

A few small-scale investigations of an issue which are never followed up
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inevitably prod,:!ce ~nconclu.sive and contestable finding of little practical
relevance . ReplIcatIons, whIch are more necessary in the social than the
natural SCIences because of the importance of contextual and cultural
vaIiations, are astonishingly rare.
(Hargreaves, 1996, p. 2)
The contribution of the living educational theories of individual practitioners to
educational theory relevant for practising teachers can begin to ameliorate the situation
as depicted by Hargreaves.
Ethical Considerations
This section seeks to discuss ethical issues relevant to my action research. While some
of the problems met with in other forms of qualitative research, such as the attempt not
to influence the course of the research by use of deception (not informing participants of
the goals of the research, keeping one's true identity hidden ... ), may be seen to be
irrelevant for self-study action research, others may be seen to change in their character
or in their degree of acuteness, becoming either more or less problematic in this context.
While self-study action research provides a unique opportunity to both teach and carry
out research in which the research can directly affect and improve one's teaching, there
are areas in which the demands of one would seem to conflict with those of the other.
I will first relate to those areas of conflict between the occupations of teacher and

researcher, and show how they may work themselves out to some extent, or continue to
pose difficulties when the teaching and the research are carried out by the same person.
The primary subject of interest of theoretical research is the unalterable, the constant, the
laws and features of nature, while that of teaching is the alterable: human beings who
learn and develop and therefore change (Carr & Kemmis in Wong, 1995). Self-study
action research assumes the alterable nature of the human being, including the teacherresearcher who is looking to develop and change, and makes no attempt to look at static
situations (if those can indeed exist in the social world). Because the teacher researcher
looks at change as it occurs in both his or herself and in students, any ethical conflicts
that may result from attempts to 'capture' and 'hold' students' knowledge at any
particular stage - by refraining from teaching the students for the sake of the research would cease to exist.
Carr and Kemmis highlight an additional difference between teaching and research: the
primary outcome of theoretical research is the development of theory, while that of
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teaching is specific interactive classroom practice that is effective and justifiable.
Self-study action research incorporates the theoretical and practical, resulting in the
development of living educational theories of practitioners: theories that are personal
and alive, and specifically connected to the changing context of practice. This idea of
practical theory goes a long way to reducing any tensions that might arise between
theory and practice.
Finally, according to Carr and Kemmis, the primary activity and goal of theoretical
research is careful observation, reflection and inquiry, resulting in knowledge and
understanding, while that of teaching is choosing the best thing to do in any particular
situation and doing it. Self-study action research combines these activities and goals: it
is our responsibility as teachers to choose our actions, to act in the best way possible,
as well as to observe and reflect, thus improving action by increasing understanding.
The difference that continues to exist lies in the different time-frames of the two
activities: teaching considerations generally centre around immediate responses to
occurrences in the classroom, while action research is a protracted attempt to solve
vexing long-term problems of teaching. Because in self-study the researcher is the
teacher, the short-term goal of doing one's best in interactive teaching continues to be of
primary concern, along with the teacher-researcher's attempt to solve long-term
problems.
Atkinson (1994) discusses two additional areas in which research and teaching may be
seen as resulting in ethical conflicts in the degree of commitment to one or the other.
The first, the question of time, is related to the differences in the primary activity and
goals of teaching and research mentioned above. The problem of time and pressure was
one of the major stumbling blocks during the action stage of my research. I needed to
find the time to write and reflect while at the same time fulfilling my regular duties as a
teacher. I needed to plan and think ahead so that I could carry out the research in a
deliberate and considered way. While during this stage of the research I became
increasingly impressed by the potential that systematic reflection on my practice had
for pointing to promising solutions to vexing problems, I was, nonetheless overburdened by the demands of data collection, the re-planning of my curriculum in tem1S
of the theories that I was looking to put into practice, and the difficulties I experienced
putting my chosen strategies into practice. I often felt overwhelmed by these demands.
On the macro level, although I succeeded in functioning on a weekly basis, writing in
my journal and planning the following week's lessons in accordance with an analysis of
the previous week's, I often found myself buried so deep in the present that I was unable
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to view the wider picture. On the micro level, although my lesson plans reflected my
growing understanding, often plans made regarding specific actions or subjects to bring
up in the lessons were forgotten in the "swampy lowlands" (Schon, 1983) of my actual
teaching. Any reflection that I succeeded in doing during my interactive teaching was
fragmentary - my actions during teaching could be characterized more closely as being
intuitive rather than reflective. It is interesting, however, that this situation, while often
extremely frustrating, did not seem to have affected the amount or the quality of my
learning during this period, or my satisfaction with it.

A second area mentioned by Atkinson which is relevant to my own situation relates to
the scope of the research:
Research is sustained concentration on a very few things. These are studied
in gr~at detail and in theo~etical tenns. Teaching is action on a huge number
of things, most of them fairly unconnected with each other.
(Atkinson,. 1994, p. 387)
One of the difficulties that I came to identify in the plan of my research project was its
all-encompassing scope. I was interested in improving my practice, and in order to do
that I felt I needed to look at an entire range of problems, and to take into account
multiple theoretical perspectives. While improvements in my teaching led me to feel that
this broad perspective was useful and ethically in line with my responsibilities as a
teacher, these advantages were likely attained at the expense of greater focus,
rigorousness and systematic nature of research.
Atkinson also points to the time demands involved in writing up the research. Although
this stage did not begin until after I had finished teaching this particular course, the
demands it put on me did affect my teaching for a number of years afterward. I often
felt that the extent to which my reflective journal had contributed to my teaching
dming the early stages of the research, was almost the extent to which the demands of
writing it up prevented me from reflecting in any consistent way on my teaching in those
subsequent years. Although in general it was clear that my teaching, and therefore my
new students as well, benefited greatly from the learning that took place as a result of
my research, problems which I identified in my teaching at this time had to be put on a
back burner. Although the tenn "neglect" may be too strong to use here, I did haye an
uncomfortable feeling regarding the extent to which I was fulfilling the role of a
responsible teacher as I had begun to understand it from my experience with my action
research.

BO
The problematic of researching my own students

In classroom research, where the respondents are also one's students, and have little or
no choice as to whether or not they will participate in the project, the question of
consent is particularly problematic.
One potential problem of researching one's own students, that of needing to assign
grades for the course, was a problem that had concerned me from a pedagogical point
of view since I had begun to teach at the college. In the past I had received permission
from the head of the college to give pass/fail grades. However, because most students
who took part in this year's course saw it, due to its largely practical nature, as one
they could do well in, they preferred to receive number grades that would help to raise
their grade average. The problem was partially solved through discussion with the
students, resulting in the decision to allow them to assign their own grades as long as
those were, in accordance with specific criteria, deemed reasonable both by them and
by myself.
The question of informed consent in social science research is one that is dealt with
differently in different situations. Cohen, Manion & Morrison hold that while the moral
necessity of obtaining informed consent arises from participants' right to freedom and
self-detennination, when the situation does not threaten the participants in any way, the
need for such consent is reduced.
The principle of infonned consent should not...be made an absolute
requirement of all social science research. Although usually desirable, it is
not absolutely necessary to studies where no danger or risk is involved. The
more serious the risk to research paliicipants, the greater becomes the
obligation to obtain informed consent.
(Frankfort-Nachmias & Nachmias, 1992 in Cohen et aI, 2000)
Although in my own situation, there was no certain danger involved, my dual role as
teacher and researcher could potentially give rise to conflict between my responsibilities
towards my students and my desire to conduct valid and reliable research. The students
who would be participating were first year full-time pre-service students for whom the
course was a compulsory part of their programme. I was to conduct the research \"ith
only two of the three sections of the course, but at that point could not know which of
these would be involved. The decision regarding which classes would take part
depended on the schedule of each. Once the timetables of the classes were detennined,
because of the tight scheduling that characterizes the college, students in participating

81

classes did not in fact have the possibility of opting out.

I met with my potential student-participants at the end of the school year previous to
the start of my research. I attempted to inform them regarding its goals (improving my
practice as a teacher) and the methods that would be used in carrying it out
(questionnaires, audiotapes of the lessons). However, because this was my first time
carrying out action research, my explanation was surely far from complete.
I also took this opportunity to gather initial information regarding the students'
attitudes to mathematics and mathematics education. This was done using a semistructured questionnaire (see Appendix B). In order to relieve any worry they might
have regarding the use of the data, I suggested that those who preferred to answer the
questionnaire anonymously were free to do so. I continued this practice during the
course of the year as well, both in regard to questionnaires and to any further feedback
offered or were asked to write. Although a price was payed when I attempted to look at
changes in students' beliefs over time, this was clearly necessary both from an ethical
point of view, and in order to assure the students' consent to participate in the research.
The classes which eventually were included in the research were made up, in addition
to these full-time students, also of in-service teachers. Although these teachers were not
the focus of my research, their participation in the class made them participants in the
study as well. During the first lesson of the year I once again described the research,
while asking this time for the consent of all the students to begin audiotaping the
lessons.
At that time I met with no opposition, and proceeded with my plans to audiotape the
following week. Two weeks later, however, when I explained my idea of having a
different student each week act as class reporter, one student stated that she refused to
take part in the research. She was joined by two or three additional students, who
voiced their opposition to acting as II guinea pigs" in my research. Again, because this
was classroom research and the students were unable for technical reasons to transfer to
the unresearched class, they had no choice but to be present in the research situation.
Negotiations ensued in which it was decided that students who were opposed in
principle to participating were freed of the responsibility of acting as class reporter, and
I promised not to include data in my dissertation relating to any student that objected.
During the course of the year the opposition waned, and other than that one vocal
student who continued to object, the others eventually consented to take part.
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Here I was faced with a situation in which the students' opposition caused me great
consternation and difficulty, both practically in that the discussion and negotiation that
ensued took up a significant amount of time and energy from the class, and emotionally
in that I was unprepared for the virulence of the students' response. As a result I needed
to find ways to deal with my own negative feelings towards these students and to
continue to treat them fairly and be concerned with their welfare in spite of the
difficulties and unpleasantness. This I succeeded in doing as well as possible with the
guidance of the head of the programme, but the situation nonetheless highlighted for me
the conflict that can arise from an attempt to act as both teacher and researcher, and
caused me to take the students' participation less for granted for the duration of the
research, and to infornl them as fully as possible regarding the conduct of the research in
its subsequent stages. This leads to a discussion of one of the ways in which the conduct
of the research could be seen as contributing in one important additional positive way
to the particular students who took part in its conduct.
The fact that I was conducting action research into my own teaching provided an
important example of reflective teaching for my students. Although on the whole this
could be seen as a positive effect of the research, it also caused some difficulty along
the way. In Israeli society people are often afraid to show weakness, lack of
understanding or doubt about what they do. Although a self-critical stance towards my
work was natural for me, and I had at times included my students in my ruminations
about my teaching in the past, the increased awareness that resulted from my action
research resulted in quite frequent references to difficulties and uncertainties that arose
in my teaching. These thoughts were in part the way in which I mediated for my
students the importance of reflective practice and the potential it had for allowing
teachers to learn and improve their practice. Nonetheless, this openness at times caused
me difficulty, knowing that my honesty in regard to my work was not a culturallyaccepted stance.
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The Form of My Research

The Action Research Cycle

A number of different researchers have suggested models of action research which
incorporate the aspects of both research and action. The research is generally seen as a
cyclical process in which a problem is identified and studied, and then possible solution
strategies are conceived, implemented, observed and evaluated. In this process a nevv
problem is then identified and studied, with appropriate steps again being put into
action in order to resolve the new situation, and so on ...
Lewin (1941), who is seen by many as being the originator of action research, delineated
four stages: (1) planning, in which a problem is identified and a strategy fonTIulated for
addressing it, (2) action, in which the first strategy is implemented, (3) observation, in
which reconnaissance is undertaken to assess the effects of that step, and (4) reflection
in which the evidence is taken into account and subsequent steps planned in light of the
findings. These steps, although not necessarily in the same order, form the basic
structure of action research now commonly referred to as the action research cycle. The
cycle has subsequently been modified by different action researchers such as Kemmis,
Ebbutt (see McNiff, 1988, pp. 26-32) Elliott (1991); Altrichter et al. (1993); and Lomax
(1995). Some writers have expressed caution in the way these different versions of the
action research cycle should be viewed. Rudduck holds that the action research cycle,
in the hands of some academics, [has] been elaborated into an intricate and
ritualistic set of hoops for teachers to jump through.
(Rudduck, 1986, p. 7) .
Somekh warns of the dangers to the new action researcher of interpreting these models
too literally:
The models are no more than graphical tools to help us to conceptualise
the action research process and, used in this way, they are helpful.
(Somekh, 1995, pp. 342-343)
The action research cycle as it manifested itself in my own work has certain
characteristics in common with the models presented by Whitehead (1993), Elliott
(1991), and Rudduck, (1986).

64

Whitehead's Action Reflection Cycle

The action reflection cycle as presented by Whitehead reflects the order and the essence
of my own research:
1) I experience a problem because some of my educational values are
negated.
2) I imagine a solution
3) I act in the direction of the imagined solution.
4) I evaluate the actions
5) I modify my actions in the light of my evaluations.

(Whitehead, 1993, p. 38)
Unlike models of the cycle which see the first stage as the reconnaissance stage,
entailing a systematic analysis of the existing situation (Elliott, 1991 ~ Altrichter et aI.,
1993), Whitehead holds that along with the experience of the negation of the

practitioner's values comes an early attempt to imagine a solution. In my own case the
difficulty of teaching early childhood mathematics to adults, resulting in a lecture-style
of teaching which went against my understanding of effective teaching practices, led me
to my first envisioned solution, teaching pedagogy "constructivistically". The
experience of seeing fonner students teaching mathematics in the manner typical of the
majority of teachers in the country at the time, and my exposure to the work of
Feuerstein, led me to surn1ise that the provision of mediated learning experiences had
the potential to increase the effectiveness of my teaching. For similar reasons I felt it
necessary to situate the learning of my students to the greatest extent possible.
Elliott's Action Research Cycle
There are two ways in which my own cycle is reminiscent of the revised version of
Lewin's model presented by Elliott (fig. 1). One was that I did not initially envision a
single solution to the problem, but rather three as mentioned above. Intuitively I felt that
no one of them alone would be sufficient to achieve my goals. Elliott's model allows
for an overall general plan at the outset of the research involving more than one
envisioned action strategy, where one step is implemented then evaluated, followed by
additional steps, which, if still deemed appropriate, are then put into practice.
The second important way in which Elliott's rendition approximates my own reality is in
his acknowledgment of the fact that not all strategies are successfully implemented the
first time round.

Implementation of an action step is not always easy, and one should not
proceed to evaluate the effects of an action until one has monitored the
extent to which it has been implemented.
(Elliott, 1991, p. 70)
None of my chosen strategies were single-step, "do it or don't" strateg.ies. A major part
of my research involved learning to use those strategies that I thought would be helpful
to my teaching. I needed to work out ways in which constructivist theory could be
operationalized in my teaching. In regard to MLE and situated learning theory, I
needed to both develop my understanding of the approaches myself and at the same
time find ways to implement them. The degree of my success in implementing them
clearly needed to be taken into account when attempting to evaluate their effectiveness.
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Figure 1 Elliott's revised version of Lewin's model ofactiol1 research
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McNiff s Non-Linear CYcle

McNiff addresses the problem of linear representations of the action research cycle

In

which one problem is dealt 'vvith at a time, evaluated, its ramifications taken into
consideration, and a new problem is identified. She feels that this linear progression
does not reflect the complexity of reality.
Action research should offer the capacity to deal with a number of problems
at the same time by allowing the spirals to develop spin-off spirals, just as in
reality one problem will be symptqmatic of many other problems.
(McNiff, 1988, p. 44)
While in the interests of simplicity and focus it may be preferable to implement one
action strategy at a time, my own reality did not permit such an approach. My own
situation was one in which the complexity of my strategies prevented their full
implementation as planned. In addition to this, in the course of my work additional
problems cropped up at different points in time which demanded additional action
strategies. This led to a complex

pi~ture

of a number of spirals, of different lengths,

each comprising the elements of problem identification, the envisioning of solutions,
implementation of action step, and monitoring of the action step.
Generative action research enables a teacher-researcher to address many
different problems at one time without losing sight of the main issue.
(McNiff, 1988, p. 45)

This complexity is expressed by McNiff s (1988, p. 45) portrayal of a threedimensional series of spirals.
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Figure 2
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t\/1cNiff's diagramme of a three-dimensional spiral of spirals
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V ALIDITY IN SELF-STUDY

Realism and Nonrealism

Until recently the concept of validity in social science was seen in the context of
positivist social science which assumed the existence of an external, objective \\orld
which a) can be known and b) can be known only in one objective, correct way.
Instruments and procedures were created which would accurately and objectively
measure the phenomena of this world. These were meant to counteract the inevitably
subjecti ve view of human scientists:
The procedures of science are objective - not the scientists. Scientists, like
all I?e~ ~nd women, are opinionated, dogmatic, ideologicaL.This the reason
for InSIstIng on procedural objectivity; to get the whole business outside of
ourselves.
(Kerlinger, in Smith, 1995, p. 134)

Validity as thus conceived is a concept that is at odds with a constructivist perspective
towards learning and knowledge. If the objective world, assuming it exists, is
unknowable to the individual, it becomes irrelevant to the development of the
individual's knowledge. In the world of research, Smith (1995) refers to this
constructivist position as nonrealism:
If all observation requires an observer; and if an observer's observations are
influenced by who one is ... then it becomes impossible to know when what is
outside of one leaves off and what is inside of one begins ... This is precisely
that question that nonrealists say cannot be answered, and as such, the realist
assumption about an independently existing reality is fine - but of no
consequence because it does not work.
(Smith, 1995, p. 141)

In my own view, while human beings may never be able to arrive at an objective view
of reality, it would seem that certain interpretations of reality may be closer to a "true"
account than others. In research, data, while also affected by personal factors, can be
relatively more "objective". The information picked up by audiotapes, for instance,
while detennined by the placement of the tape recorder, their quality of the tapes and the
incomplete nature of audio data, nonetheless offer the opportunity to become aware of
data that may otherwise remain hidden. The same may be said for other qualitative data
collection techniques. By taking into account different sources of information as well as
their contexts, the researcher can make an attempt to arrive at an understanding of the
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situation which may be more in line with the nonetheless unknowable external reality
which conlprises the situation being studied. For example, the level of reading achieved
by first graders and their motivation to read, while possibly affected by other factors as
well, would seem to provide relatively objective evidence regarding the success of the
teaching approach used. Phillips relates to this argument between different perspectives
of constructivism:
... constructivists of both types - psychological and social - have to find room
for the fact that our knowledge is about something. And whatever it is it has
to be granted a role in influencing our constructions...
'
(Phillips, 1997, in Ball & Bass, 2000, p. 223)

Evers (1999) also argues in favour of what he calls a representationist view:
!f human ~ehaviour were totally random, no language would be possible, nor
InterpretatlOn, nor understanding. For creatures inhabiting an environment in
which there are limited resources, there are advantages in forming
trajectories which lead to the solution of problems at better than chance ...
perfonning a thousand ... mundane physical acts is possible only against a
background of sustained patterned, non-random, activity. The challenge to
act on experience in a way that is more epistemically progressive than
tossing a coin is the challenge to solve what we might calI the navigation
problem. It is the task of devising non-arbitrary strategies for meeting needs,
achieving goals, solving problems, and, in general, getting around in the
world while avoiding coming to grief sooner rather than later.
(Evers, 1999, p. 271)
From this point of view it would seem that a practi tioner studying his or her own
practice may have difficulty arriving at a reasonably balanced account of that practice.
The problematic of self-study is suggested by Carson (1997) in the implications he sees
of psychoanalysis, particularly of Lacan' s work, for the development of the teacher's
identity and his or her desire to be seen as a particular kind of teacher. It is reminiscent
of Whitehead's view of the practitioner experiencing the negation of his or her values in
practice. Lacan sees desire as the lack that occurs as a result of the division of the self in
which the "me", existing in the Imaginary order, "constitute(s) the subject with a
(temporary) sense of wholeness" (quoted in Carson, 1997, p.80) while the "I", the
subject of language and culture, is constantly changing in relationships with others:
The implications of Lacan for teacher.educ~tion .and reflective practice are
twofold. First, the desire for a professlOnalldentity - to be seen as a teacher _
- can never be fully satisfied. The self desires wholeness, but becau~e th~ selt
is divided this lack can never be fulfilled once and for alL.the ego Itsel1 has
only the iliusion of wholeness, one' s sel~-imag.e as a "'pers~n wh? teaches" is
constantly being constituted and reconstItuted In relatIOnshIps WIth others
(students, professional colleagues, parents). Second, much of \\'hat forms

69
one's id~ntity as ~ teacher Occurs unconsciously ... the existence of the
unconscIOUS has. Important implications for reflective practice because it
s~ggests. that obJ~ctIve access to the self and one's own practice will be
~Ighly circun1scnbed. At the very least, the role of the unconscious in
IdentIty format~on points up the erroneous assumption in much of the
reflectIve pra~tlce ht.erature that we are able to stand over against ourselves
an~ our practIces as If we were knowing subjects standing in relation to an
object.
(Carson, 1997, pp. 80-81)
Whitehead's partial resolution to the problem is twofold: in the use of videotapes to
record practice, and in his understanding of the contradiction of values as the motivating
factor in practitioner research.

~~en you vie~ yourself ?n video y~m can see and experience ... yourself as a
hVIng contradIctIon, holdmg educatIOnal values whilst at the same time
negating them. Is it not such tension, caused by this contradiction, which
moves us to imagine alternative ways of improving our situation? By
integrating such contradictions in the presentation of our claims to know our
educational practice we can construct descriptions and explanations for the
educational development of individuals (King, 1987).
(Whitehead, 1993, p. 71)
While my own circumstances did not peITI1it the use of videotapes, the view of myself as
a living contradiction became abundantly clear through audiotapes, through student
feedback, and through my own reflections. My attempts to engage in triangulation
(Somekh, 1983) techniques, while unable to provide an objective view of my practice,
could enrich my understanding and bring it closer to an accurate account through
offering me the opportunity to see it through mUltiple lenses. As will be discussed in the
section on methods, the initial writing of my reflections based on direct impressions and
memory of the lesson was a sketchy first attempt at understanding what took place.
Listening to the audiotape exposed me to a different view, that picked up by a single
tape recorder which recorded my own speech as well as that of the students who spoke
clearly enough and/or were sitting closest to the tape recorder. Student reports of lesson
segments allowed me to see it from a third point of view .
... triangulation is less a tactic than a mo~e ~f inquir'y- By se~f-consciously
setting out to collect and double-che~k fUl:dmgs, u~mg mu~tIples sourc~s and
modes of evidence the researcher WIll bmld the tnangulatIOn process mto
ongoing data colle~tion. It wil.l be the ~ay !Ie or she go~ to the fi.nding in the
first place - by seeing or heanng multIple mst~nces of ~t f:om d~fferent
sources, using different methods, and by squanng the fmdmg with others
with which it should coincide.
(Hubem1an & Miles, 1998, pp. 199-200)
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Clarification of Values

While tIiangulation is meant to peI111it the researcher a view of the data that may be
somewhat more "objective", in order for the reader to judge the significance of the
account it is equally important that the researcher's values be explicitly stated.
Whitehead's view of the practitioner accounting for him or herself as a living
contradiction, reminiscent of Lacan's divided self, may be helpful here. Whitehead
writes:
In my, own development I am conscious of attempting to overcome the
expenence of myself as a living contradiction in order to minimize the
tensions b~tween ... values nega~ed in practice and the current practice. I am
also ~onscious of the need to gIve a form to my life and of the need for
m~amng and purpose ... By drawing your attention to where the theory is
bemg generated and ~ested i~ practice, I hope to emphasize that it is being
generated and tested m practlce and that it is embodied in the form of life of
practitioners rather than it existing in a propositional form within textbooks
on library shelves.
(Whitehead, 1993, p. 56)

The desire for wholeness in our professional identity is the motivating force behind the
enquiry. Its report fulfills three criteria of validity: the necessity to clarify a rationale for
the research and show its educational significance as these are connected to value
commitments; to articulate and justify intentions and beliefs; and to ensure the
"constant dialectical interplay between researcher's values and actions where the values
inform the actions and vice versa" (Stevenson, 1996, in Zeichner & Noffke, 199?, p.
8-9).

Controlling both the use of particular methods to assure a more objective stance, and
the ways in which the practitioner can use the negation of his or her values to monitor
the inquiry, is the practitioner's ability to take a critical stance. Notwithstanding Lacan's
assertion that the individual cannot look objectively at his or herself and practices, a
certain degree of this capacity would seem to be necessary for any researcher.
Whitehead portrays this attitude as stemming from the researcher'S desire to gi\'e a
correct account:
Because of a desire to give a correct account of the natur~ of educational
theory I want to hold up the value-laden nature of my claim to knowledge
for public criticism. I want you to u~derstand and accept for good reasons
the normative background of my ethIcal values.
(Whitehead, 1993, p. 57)
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The motivation for my own work stemmed from dissatisfaction with my teaching - in
Whitehead's temls, from the experience of the negation of my values in my practice. As
such, I have made clear in my account both the educational values that guide my
practice and the difficulties that I encountered in putting these values into practice. The
particular values which guided me have been clarified and developed through my
review of the literature as well as through the presentation and analysis of the data. My
self-critical stance, which engendered the project to begin with, was a basic
characteristic of the research process and is hopefully apparent during its entire course.
Outcomes
Lather's (1991) discussion of validity is taken up from the point of view of feminist
research. Although my research was not carried out expressly within an emancipato!)'
paradigm, the fact that it dealt with mathematics and female students, and the
disempowering situations which this combination often engenders, leaves little doubt
as to the emancipatory potential of my work. Lather proposes the criterion of catalytic
validity, which she defines as
... the degree to which the research process re-orients, focuses and energizes
participants toward knowing reality in order to transform it"
(Lather, 1991, p. 67)
The goal of much of the work that I did with my students was to change their view of
mathematics as a subject thereby allowing them to feel both their own and their future
pupils' potential in solving mathematical problems and dealing with mathematical
situations. The transformation of my students into capable users of mathematics was,
although important in itself, essential for the success of the project. The degree of
attitude change among my students has been one of my main criteria in assessing the
degree of success of the project.
An additional criterion suggested by Anderson (1994), outcome validity, is relevant
here. This criterion looks at the extent to which a problem has been resolved as a result
of the research, or the extent to which an action research cycle results in action.
Stevenson (1996, in Zeichner & Noffke, 199?) suggests a similar criterion which points
out the problem of "arrested action research" in which the research is aborted before
action has been taken to either change the situation or resolve the problem.
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It was not within the scope of my research to evaluate the lasting effects of the course on

my students. My own teaching, however, both of the course and in general, has
changed significantly. Evidence of change in my teaching was apparent during the
course of the research, but its long-term effects were dramatic. The research has
deepened my understanding of education and of myself as a teacher, and increased my
teaching capabilities manyfold. Most significant for me was the increase in my selfconfidence as a teacher. Although continuing to experience the negation of my values in
my teaching, in Lacanian terms I now have a much greater sense of wholeness in my
identity as a teacher. While my "I" continues to change in my relationships with
others, I have developed the tools I need in order to direct and facilitate this change.
These developments in my teaching will be discussed in the final chapter of this
dissertation.
Generalizabili ty
The question of the generalizability of research findings is an issue that must be seen
differently in qualitative research than in large-scale quantitative studies. As opposed to
quantitative research, which looks for generalization by searching for similarity of
cause and effect among large populations, qualitative research looks at the uniqueness
of particular cases. The infornlation derived from individual cases can engender wider
generalizations by either reinforcing findings from other studies, whether qualitative or
quantitative, or by offering counter-examples which show these generalizations to be
insufficient (Stake, 1995). However, there is an additional way in which particular
cases can contribute to wider understanding, and that is through the resonance that the
study may generate in the mind of the reader.
Can readers accept subjective description? Often, the researcher's aim is not
veridical representation so much as stimulation of further reflection,
optimizing readers' opportunity to learn .. De~orah Tl!rI?-bull (Sta~e ~ "
Turnbull, 1982) called experientiallearmng natura~lstlc generahzatIOn and
proposed that the qualitative researc~er.could org.am~e the study to
maximize the opportunity for naturalistic generahzatIOn. The study ~hen
could rely on actor and reader expeIience i.n w~ys already c?mmon III
disciplined study of many kinds, such as hlstonography, phIlosophy,
literature, and music.
(Stake, 1995,pp.42-43)

This concern with resonance is expressed by Newman (1999) as well. If, from a
nonrealist stance establishing truth is not a concern, then what is important in the
research for the reader is to see the problematic of his or her own work with new eyes.
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If the account lets me in, allows me to live in that fictional world and I can
see connections to my world, it's likely to permit me to see my own work in
new ways. 1'm not looking for correspondence - I know my work situation is
unique, as was the research situation being described - rather, I'm looking
for what I have come to call "resonance" - does the account seem believable
does it help me think about the problematic of my working situation, does it'
help me name or reframe tensions in my own work so that I might do
something about them?
(Newman, 1999)
The study of my own teaching has the potential to combine with that of other teacher
researchers to become part of the collective knowledge of the teaching profession,
enlightening understanding in ways that are relevant to the lives of other practitioners.
Most directly, my own experiences and understanding derived from my research may be
relevant for other mathematics teacher educators. In addition, my concern with
approaches to the teaching of subject matter that does not naturally lend itself to
parallel experiential experiences on the part of teachers as it does to children, which
developed as a result of the nature of early childhood mathematics subject matter, may
make this research relevant to teacher educators working in domains that are similar in
this respect. These may include language teaching, and possibly the teaching of history
or geography. More generally, the use of a constructivist approach toward the teaching
of pedagogy, and the examination of ways in which Mediated Learning Theory can be
used to augment the learning experience, makes this research relevant to teacher
educators in additional subject areas as well.
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METHODS

Research Questions

The major question that I addressed in this project was: How can I improve my teaching
of a pre-service mathematics didactics course in order to increase my educative
influence on my students, thereby improving the likelihood that what they learn in the
course will carry over into their future work as teachers of mathematics? This question
is modeled on Whitehead's more general questions "How do I improve this process of
education here?" and "How do I improve my practice?" (Whitehead, 1999). The way in
which these questions are worded reflects the practical and dynamic nature of self-study
action research as well as the centrality of context and the individual practitioner
researcher in its conduct.

This question, however, was alTived at only during the course of my research, when I
became acquainted with Whitehead's work. Until that time the questions which directed
my research, and continued to playa major role in its conduct, were:

Research Questions
1. How can a pre-service training programme promote in students an
attitude of responsibility for their own learning, and a feeling for the
necessity for taking responsibility for the mathematics programmes they
will teach.

lA)Focus on student teacher
(lAi) How do student teachers perceive their role as teachers of mathematics
for young children?
. ..
.
.
(lAii) Is student teachers' independence and responsIbIlIty regardmg theIr
own learning process a precursor to their becoming independent and
responsible teachers?
IB)Focus on the teacher researcher strategies
(lBi)What are the teaching, i.e. scaffolding, strategies I can use to help
student teachers:
(lBia) take responsibility for their own learning
(lBib) become responsible, autonom<?us .teachers
.
(lBic)promote in the students a questIOnmg and research attItude tovvard
their own teaching?
. .
(IBid) encourage them to see teaching as a. dy~amic problem-solvmg
activity which necessitates constant reflectIOn III order to evaluate past
.
practice and to plan for th~ future?
(lBie) encourage them to mcorporate Ideas pres~nted by the teach.er
researcher or found in existing curriculum matenals or elsewhere mto the
students' own curriculum framework in an active and thoughtful way?
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(IBif) encourage cooperative group work in order to reduce dependence on
the tea~her researc~er and encourage their assuming greater responsibility
for theIr own leammg?
2. Assun:ing that previous experience as students in mathematics classrooms
~as provI~ed student t~achers ~ith a narrow view of the possibilities
Inherent m mathematIcs teaching, what are the different kinds of
knowledge, skills and abilities, and attitudes that student teachers need in
order to become competent beginning teachers with a well-informed viev,' of
mathematics education?
2A)Focus on student teacher
(2Ai) To what extent are the necessary knowledge and attitudes existent in
individual students at the beginning of the project and how do thev develop
over time?
~
(2Aii) 'Yhat are th,e chara~teristics of t~e students' backgrounds, particularly
of prevIOUS expenence wIth mathematIcs, that influence their attitudes and
their learning in this course?
(2Aiii) How do these characteristics influence their readiness to take
responsibility for the make-up of mathematics learning in the classroom?
2B)Focus on the teacher researcher strategies
(2Bi) How can data from the above questions inform my practice and so
improve the quality of my students' learning and teaching?
(2Bii) What are the kinds of mathematics activities that I should use with my
students to help them:
(2Biia) get a feel for what mathematics is?
(2Biib) understand what it means to be engaged in mathematical activity?
(2Biic) develop a repertoire of mathematics curriculum activities that will
allow them to feel capable of taking responsibility for their mathematics
programmes?
(2Biii) How can I use the particular characteristics of the various
frameworks in which I communicate with my students (coursework, lesson
planning meetings, feedback sessions) to the best possible advantage?
3, How can I evaluate the effects of this course on the student teachers'
practice?
3A)Focus on student teachers
(3Ai) To what extent do the discussions and ~ef1~ction carried out in the
lessons in the college affect their actu~l p~actice I!l the classroom?
(3Aii) Does the fact that more responsIbIhty and llldependen~e are
demanded of the students result in their offering and demandmg more
responsibility and independence from their pupils?
4. What is my role as teacher researcher?
(4A) How can I expose my uncertainty to my students without feeling a
loss of face?
(4B) What kind of a relationship will devel?p between me and my students
as a result of this open searching for solutIOns?
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(4C) ~ill I succeed in acting as a role-model for this kind of attitude toward
teaching?
(4D) What kind of negotiations must be carried out to ensure their
cooperation and lack of resentment?
From these questions it may be seen that the research has a double focus: myself as a
teacher, and my students as learners of a new profession. Each is intricately connected
with the other. The first two major questions are subdivided into questions focusing on
my students and those focusing on myself as teacher-researcher. The third major
question focuses on the students, and the fourth on myself.
The questions in sections 1 and 3 reflected my belief in the necessity of teachers taking
responsibility for their work. Nonetheless, some of these questions were found to be
either unanswerable or unsuitable for my research. Although the questions in section
IB directed me towards teaching strategies that were important and relevant for my
attempts to improve my practice, evaluation of the degree to which my teaching did
actually promote responsibility in my students as future teachers (question 3Ai) was
outside the scope of my research. Questions lAii and 3Aii, which looked at the
connection between the students' degree of responsibility as students and the degree of
responsibility that they would take as teachers were also found to be beyond the scope
of this particular research project, and would seem to be unsuitable for self-study action
research in general.
Question 2, which looked at students' backgrounds and their attitudes towards
mathematics and mathematics education were both relevant and important for the
progress of the research. Questions raised in section 2A regarding the students'
backgrounds were incorporated into the pre-project questionnaire (Appendix B), and
the first questionnaire of the year (Appendix C), and these issues were particularly
addressed in a lesson in which the students discussed the importance of mathematics in
small groups during one of the first lessons of the year (see Chapter 4). Questions in
section 2B focussed on my choice of teaching strategies specifically regarding
mathematics and mathematics education, and were central to the context-specific nature
of my research.
Questions in section 4, which dealt with my role as teacher and researcher, were crucial
to the research. Although questions 4A and 4B were not actually answerable in the form
in which they appeared, they anticipated central issues, which were better addressed in
the form of question 4C. This question, which relates to the extent to which I succeeded
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in acting as a role model for my students in my attitude towards teaching, was answered
to a great extent through the data obtained from the students' end-of-year feedback
(Appendix E) and from their final assignments.
In hindsight I am aware, when looking at question 4D, that at the time this question
was asked in a rather naive manner, under the assumption that negotiations must be
carried out in principle, but anticipating no particular difficulty in the students'
reception of the research. The reason for this may have been my feeling that the
research was looking mainly at my own practice, and as such, would not engender any
opposition. However, the difficulties that I experienced in the initial stages of my
research highlighted the importance of this question, and the necessity of taking this
issue into much greater account in self-study action research than I did at the time.
There was one category of questions which I eventually found to be missing: those
concerning students' beliefs regarding mathematics and its teaching. Although this
category may be understood to some extent in questions relating to previous perceptions
regarding mathematics, and in the willingness of these future teachers to take
responsibility for their teaching, and although the strategies I used almost always were
those that encouraged change in the students' belief systems, it was only in the final
analysis stage that I realized that this was possibly the major goal of my work with
students. Including questions regarding beliefs may have helped to provide better focus
to my work.

The Framework of the Research
The research was carried out with two classes of students enrolled in an introductory
course called Didactics of Early Childhood Mathematics. The course consisted of
weekly hour-and-a-half long classes. The part of the course studied, that which dealt
with the development of number concepts, extended over a period of approximately six
and a half months and included the first three modules of the didactics course. The
first module, lasting from 28/10-19/11, included three lessons with each group. The
second module, from 25/11-7/1, included five lessons with the first class, held on
Tuesdays, and six with the Wednesday class. The third module, from 13/1 - 13/5,
included ten lessons with the Tuesday class and nine with the group that met on
Wednesday. The course description can be found in Appendix A.
Both of the classes included pre-service and in-senrice teachers, 53 students in all. Four
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of these students were new immigrants who were taking the course in order to recei\·e
their Israeli teaching certification. None of these were full-time students at the college.
In regard to the in-service teachers, the education ministry at the time was in the midst
of a campaign to ensure that all teachers in the country had, in addition to their teaching
certification, a minimum of a bachelors degree either in education or in some other field.
This encouragement on the part of the education ministry led to a situation in which, for
a number of years, the education courses at the college were attended by a relatiyely
large number of experienced teachers returning to complete their undergraduate
education. The class given on Tuesdays had eight of these in-service teachers,
approximately 33% of the class, while the Wednesday class had 4, approximately 17%
of the class. Data collected on the in-service students and the part-time new immigrants
was considered only to the extent that it influenced the overall interaction of the group,
and questionnaires and assignments that were analyzed were exclusively those of the
pre-service students. There were 37 pre-service students, three of which I did not
consider - two of these because they were on maternity leave for extended periods of
time during the year, and the third because of her opposition to taking part in the
research. The research, therefore, was focused on 34 pre-service students.
The two classes studied were chosen because both of these were the last lessons that I
taught on two separate days, enabling me to write my reflective journal while the
lessons were still fresh in my mind. Because the research did not attempt to compare the
two classes, but rather looked at my teaching and the educative influence that I had on
my students' development, I looked at differences between them only when these
seemed relevant to the purposes of the research.
The major methods that were used in collecting data were qualitative in character:
semi-structured questionnaires, of the lessons, my reflective journal, students' reports
of the lessons, students' assignments and occasional conversations with both colleagues
and students.
Questi onnaires
Three different kinds of questionnaires were distributed to my students, each with a
different purpose. In all of the questionnaires the students were given the option of
answering anonymously if they chose.
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A. A pre-study questio1U1aire (see Appendix B) lasting 15 minutes was distributed to
prospective students at the end of the school year prior to the beginning of the study. It
included Likert rating scales (Cohen et aI., 2000, p. 253) which were followed by
open-ended questions, both of which were meant to provide me with an initial
acquaintance with my students, as well as a baseline of attitudes and perceptions
towards mathematics and mathematics education which could be used for comparison
with data collected during the course of the research. This latter goal was necessarily
somewhat compromised by the option I gave them of remaining anonymous.
B. At the beginning of the acaderrric year at the college (approximately two months
after they had started their fieldwork one day a week in the schools), a short
questionnaire (15 minutes) was distributed in which questions were asked regarding the
students' field placements - where they were placed, what opportunities they had to take
part in mathematics lessons, whether these lessons were as they might have expected
before they started, whether they felt the children are learning very much in the
lessons ... (see Appendix C). Although the questionnaire included ranking scales as well,
the majority of questions posed were open-ended, in that my goal was to receive
infonnation about the specific idiosyncratic conditions in each student's field placement.
C. Two questionnaires (Appendices D & E) were distributed, one at the end of the first
semester which roughly coincided with the end of the second module, and the other at
the end of year, with the aim of receiving feedback from the students regarding their
learning to date, the extent to which they had put into practice the ideas that had been
introduced in the course, the extent to which they were satisfied or otherwise with the
course, and, at the end of the year, regarding the educational principles they held at the
close of the course. Both of these questionnaires included only open-ended questions.
Comparison of these questionnaires with the pre-project questionnaire provided me
information regarding the development of the students' thinking during the course of the
research. This infonnation was most useful for those students who signed their names on
all of the questionnaires, although through analysis of all the questionnaires, trends
could nevertheless be detected which included students who responded anonymously as
well.

Audiotaping and Transcription
At the beginning of the year I began by audiotaping at least a half hour of each lesson
with the two classes that were part of the project. The parts of the lesson that were taped
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were chosen according to their potential to provide the greatest amount of relevant data
for the research questions asked. In whole-class work I chose to tape portions that
were planned to be more interactive and less lecture-like. In group work I taped the
work of one group each lesson. The audiotapes were very useful in jogging my
memory, and for the analysis of certain classroom occurrences. However, because I
used only one tape recorder, in whole-class discussions the tape often succeeded in
picking up only my own utterances, those of the students who were sitting close to the
tape-recorder, and those who spoke loudly and clearly enough to be picked up by the
microphone. The noise-level of the class during group work was often so high that the
tape of the chosen group was often inaudible. This group- work was also recorded by
the class recorder, however (see below), so the data was not lost completely.
In general I listened to the tape recording of the lesson only after I had begun to write
my reflections on the lesson. This gave me the opportunity to reflect directly on my
experience of the lesson first, and then to consider the additional data provided by the
tape.
During the first part of the year I taped excerpts from both classes that I gave, but did
not transcribe them immediately. Later on it was decided with my supervisor that,
because this proved to be an overly heavy load, it would be enough to look at only the
Wednesday class. The tapes of this class, however, would be transcribed in full at the
end of each lesson. This new structure proved to be a heavier load still, mainly
because of the hours it took to transcribe the material. In addition to that, I made the
decision to continue to reflect on my lessons with the Tuesday class as well, because
reflecting on that class contributed much to my teaching the following day. In the end I
made the decision to include both classes in the research, taping, transcribing and
writing my reflective journal on the Wednesday group, while simply writing the
journal after the lesson with the Tuesday class.
Audiotapes from the beginning of the year that had not been transcribed earlier were
transcribed, mostly in full, at the beginning of the analysis stage of the research. Long
excerpts in the fonn of pure lecture which did not seem to add very much in tenns of
the research questions were not transclibed. There were also sections of the tape that
were so unintelligible that they needed to be omitted.
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The Lesson Reporter

In an attempt to provide an additional point of view, as well as to receive feedback on
the lessons, a different student each lesson was asked to keep notes on the lesson. They
did this for the whole-class parts of the lessons that were taped (up to 30 minutes),
when they were asked to focus mainly on the interactions between myself and the
students, and for the work of the group that was audiotaped as well, when they \\;ere
asked to focus on the interactions between the students.
The request to have the reporters focus their reports of the whole-class part of the lesson
on the interactions between myself and the students needed to be reiterated and spelled
out time and again. At the beginning of the year, after discussing with them the focus of
my research and the kinds of infon11ation I was interested in obtaining from their
reports, I prepared written instructions which were meant to both jog their memories
and specify what I hoped for in their reports (see Appendix F). These were first
discussed with the whole class, and subsequently given to the students at the beginning
of the lesson they would report on. In spite of these efforts, many reported on the
lesson as they would if they were simply taking notes on the content of a lecture.
Because the reports were done by a different student each week, they did not have the
opportunity to improve their reporting through feedback. A number of times, when a
student's report was done particularly well, I read parts of it out loud to the class so they
would have a better understanding of what I meant. My recurrent efforts, however,
often did not bear fruit. In hindsight, the instruction to look at the interactions between
myself and the students appears to have been too limiting in that student exchanges in
whole-class discussions, which could have provided valuable information regarding the
influence of students' utterances on each other, were not often reported. In sum, some
of these reports provided valuable additional information which provided me with the
opportunity to see the lesson in a different light, some were only reports of the content
of the lessons, while others, possibly the most "objective" ones, were strikingly similar
to the tape-recordings and were useful when the tape failed to work or when the
recordings were not clear enough.
In addition to the on-the-spot reports the students were also asked to write a summary in
which they would reflect on the lesson and give me feedback. This summary was to be
handed in the following week. Although these were often extremely helpful in the later
analysis of the lessons, in terms of my reflective journal they were problematic in that I
received them only after the journal entry for that lesson had been written. Although my
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thoughts on these reports were sometimes incorporated in the following week's
journal, for reasons of time and pressure this did not always take place. With time,
again because of the pressures of the combined teaching and research situation, I
neglected to remind them to hand in the summaries and from that point on onlv the
more conscientious students continued to write them up.

'"

My Reflective Journal

Altrichter et al. (1993) discuss the way in which the research diary "ensures that the data
collection is not artificially separated from reflection and analysis" (p. 12). The diary
contains data collected in the process of the teacher researcher's participatory
observation in the field, reflections on the data, on one's role as a researcher and on
research methods, and ideas and insights that can lead to the development of theoretical
constructs which eventually may be used to interpret the data.
In the process of my research I kept two separate research diaries. One was a handwritten research diary that accompanied me through the entire period of my research,
before beginning the fieldwork and continuing after its termination. In this diary I
noted my thoughts and insights connected with the research. These were most often
stimulated by my reading of the literature and I learned to always keep the notebook at
my side as I read.
The other was a reflective journal written at the computer during the fieldwork stage in
which I noted and reflected on data from my lessons. Generally I began writing the
journal before listening to the tape of the lesson, and then added to it after having
listened to the tape. This provided me with the opportunity to reflect directly on the
lesson the way I originally experienced it, and then to reflect again on the way the
lesson showed itself on the tape. This was one of the "vays in which I attempted to
triangulate in my data collection. There were instances, however, when circumstances
did not allow me to write either reflective notes or to write in my journal immediately
after the lesson, and then I felt that I needed the tape to jog my memory in order to begin
writing.
In my journal I both described and analyzed the events of the lesson and reflected on
possible ways to deal with any problems that became apparent. I focused both on
problematic aspects of the lessons which were causing me to feel dissatisfied with my
handling of different situations, and reflected on possible strategies which could help me
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handle them more effectively. I also looked at successful aspects of my teaching, trying
to understand and isolate the reasons for my success in order to be able to utilize this
understanding in the future. The reflective journal provided me with a running
commentary of the developments during the year, allowing me to review and compare
occurrences, thereby bringing out themes and patterns in my thinking and in my
behaviour.

There were times when, due to technical difficulties, or because I had forgotten to turn
on the tape, I was forced to write my journal based solely on my direct impressions of
the lesson as I had experienced it in real time. This occurrence was somewhat eased by
the account of the lesson I received from the lesson reporter, but the lack of the
recording was nonetheless keenly felt.
Student Assignments

There were two types of assignments which served the function of providing me with
important infomlation regarding the students' understandings and development. One of
these was the summaries wlitten by group reporters of assignments given for smallgroup work. These provided both information on the students' understanding of the
subject matter under consideration as well as feedback on the activities and the way in
which I introduced them and took advantage of them.
The other was students' individual assignments. At the beginning of the year I had not
yet realized how important a source of data these could be, and only recorded my own
reactions to the assignments. Towards the middle of the year their value became
apparent, and I began to type into my student database quotes from their work as well
as my reactions. At the end of the end of the year many of the students agreed to have
me keep their assignments to refer to later on in the formal data analysis stage. The
students' assignments provided me with infonnation regarding their understanding of
the main issues discussed in our lessons, the extent to which they took these ideas into
account in their work with children, and the extent to which they were successful in
putting them into practice.
Opportunistic Data
Rich sources of both ideas and data were occasional conversations with both students
and colleagues which OCCUlTed during the process of the research. Problems
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encountered were often given new light, and new ways of looking at ordinary
OCCUlTences were suggested. While these conversations were not actually reported, they

were often incorporated into my reflections in my journal writing.
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DATA ANALYSIS

The Focus of my Analysis
Bauersfeld (1988) discusses analysis from an interactionist perspective:
As a product from. social interaction, the patterns develop from the mutual
reflexIve expectatIOns and interpretations of the actors and their related
!ll0'.'es,. fro~ the implicit "obligations for action", which are typical for the
lnstl tutIOnahzed educational processes, and from the teacher's and student's
routines as acquired across many shared classroom experiences. It is the
~etwor~ of relations among these constituents that produces the pattern of
InteractIOn ... Teacher and student(s) constitute the reality of the classroom
interactively.
(Bauersfeld 1988 p. 37)
In order to answer the question of how to increase my educative influence on my
students I studied interactions that took place during the course of the year, the
reflexive relationships between myself and the students, and between the students
themselves, within the developing classroom community. There are different
perspectives from which these interactions may be viewed. Bauersfeld illustrates how
his perspective shifted during the course of his research and the effects this has on the
analysis:
For the active researcher, each position arrived at relativizes the preceding
perspective. This can lead him to disregard previous perspectives, and even
to a relative blindness caused by the deliberate shift of focus ... And there is
no easy integration as conclusion...
(Bauersfeld, 1988, pp. 30-31)
This difficulty in integrating perspectives is, for Bauersfeld, a positive state of affairs in
that
... only competitive descriptions and contrasting issues have the po~er to
produce challenge and to disquiet and break the cust~ms of self-evIdent
routines and explanations. There is no other way to dIstance o~eself from
habit and to allow for effective critical comparisons and reflectIOns.
(ibid., p. 42)

Although not a deliberate analytical strategy, my own perspective shifted during the
course of my research. During the initial period the focus of both my data collection and
analysis was the social interactions that took place in our lessons. This focus was
reflected in the nature of my reflective journal as well as in my instructions to the lesson
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reporters directing them to focus on interactions both in the whole-class segment of the
lesson and in the group work. At this early stage I was concerned with the development
of the pedagogical content knowledge of my students. One of the major reasons for the
importance of ensuring positive interactions between myself and the students was the
necessity of introducing them to an alternative view of mathematics and mathematics
pedagogy which was at odds with many of their perceptions and beliefs. At this point I
needed to be concerned mainly with the educative influence on the students that I , as
their teacher, could effect. My social constructivist theoretical framework, my attempt
to provide mediated learning experiences for my students, and the use of MLE theory as
an analytical tool directed and facilitated my focus on these interactions.
Towards the middle of the year my perspective shifted as I began to discern the
generation of a classroom culture in which particular pedagogical norms were
beginning to come into being. While I had begun to see progress in my students'
understandings earlier in the year, this seemed to have occurred as a result of my own
efforts to provide appropriate educational experiences. From this point of the year on,
however, development could be seen which I felt was not directly related to my own
efforts, but to the influence of the interactions between the students themselves. These
developments were in keeping with the social constructivist literature (Wheatley, G.,
1991; Yackel & Cobb, 1996; Cobb & Yackel, 1998) ,and focused my attention on the
development of norms which had the potential to promote reflection and thus exert
their own influence on the further development of both the classroom community and
the individuals within it.
At the conclusion of the school year, during the formal analysis of the data, my
perspective shifted once again. In considering the effectiveness of the course I focused
my attention on the individual not as part of the classroom community, but as individual
future teachers who would or would not attempt to operationalize their learning and
insights in their future teaching. I then began to feel that the effects of the course
needed to be examined by looking at the beliefs of the individual students, and
examining the degree to which these were commensurate with the values and
perspectives of mathematics education conceived according to social constructivist
lines.
Coffey and Atkinson (1996) suggest that in qualitative analysis, the units of analysis of
standard quantitative research can be replaced with "units of narrative". Each of these
foci in my work led to the use of different units of narrative. In the first stage the
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primary unit of narrative was my own teaching. During the second stage my major focus
was on the developing community of practice. In the third stage my unit of narratiYe was
primarily the perceptions and beliefs of individual students.

The Ongoing Analysis of Action Research
As suggested in the previous section, data analysis is an ongoing process in action
research which begins during the data collection stage. The action research cycle of
problen1-posing, planning, implementation, and evaluation has important effects on the
ongOIng teaching process as well as on the research process.
Collecting data W!l1 pro~ably push yo~ to attend to aspects of your teaching
and your students learnmg that you mIght otherwise overlook in the usual
day-to-day work of teaching. Because it asks you to step back, make
connections, and develop interpretations, analyzing data often leads to ne\v
perspectives on familiar things. So both steps are critically in this process of
making familiar things seem new and strange. Together these processes can
make you question what you are certain about, and lead you to greater
certainty about some aspects of teaching and learning that you might have
doubted.
(Freeman, 1998, p. 90)
Altrichter et al (1993) refer to this ongoing analysis as the constructive stage of
analysis. The first element of this stage is the "reading" of the data in which the data are
scrutinized in order to recall the events of the situation under investigation. In my
research this reading of the data involved my initial direct reflection on the lessons,
listening to the tapes, and reading the student reporter's write-up of the lesson. The
analysis of the data was done through the writing of my reflective journal.
The second element of this constructive stage is selecting data, in which
Important factors are separated from unimportant on~s; si~ilar !~ctors are
grouped, complex details are sorted and (where possIble) snnphfied.
(Altrichter et al., 1993, p. 122)
Toward the beginning of the constructive stage of the research I found myself writing
freely in my journal, with little regard to focusing on particular issues or organizing the
data. It was only when particular themes began to emerge that I was able to begin to
separate out the more important issues and to classify the data in accordance with these.
The third element is presenting the data, in which the data are reduced in order to
facilitate its perusal. During this stage of my research this was done mainly through the
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writing of periodic summary journals for which I reread the data collected until then ,
and reflected on the issues that I felt were most crucial, pressing, or problematic. One of
the ways in which these periodic summaries were important was that they offered me
the opportuni ty to take into account the student reporter's summaries of the lessons
which I had received only week or two after the lesson itself. In this way, and as a
result of my developing understanding, my reflections in these journals were more than
summaries, taking into account additional data from these student summary reports
and utilizing the perspective gained by coming back to the data at a later date.
The final element of this stage is interpreting the data and drawing conclusions:
Relationships are explained and a practical theory or model constructed to fit
the situation which has been researched. The theory or model should relate
to the research focus.
(Altrichter et aI., 1993, p. 122)

Over the course of the year various themes emerged, different ones taking precedence
during different periods. The original research questions, being somewhat too wide in
scope, became continually more focused through the theories that were emerging from
the data. A number of theories were developed in the course of the year, but in the final
analysis not all of these were deemed helpful. Others were continually reinforced by the
data from the field as well as by the theoretical literature, and developed into the central
theories of the study.
MLE as an Analytical Tool
From early on in the year I began to use the parameters of Mediating Learning
Expelience as criteria in the analysis of my practice. In my journal writing I would often
analyze interactions with my students in terms of the parameters that could be
discerned. It may be seen that often my level of satisfaction with the lessons was directly
connected with the evidence I could see of these cIiteria in my teaching. In addition to
using them in these early stages of the analysis, I found them helpful in the later
analysis of the data as well.
Writing as Analysis
.. .1 consider writing as a method of enquiry, a w~y of findin~ <?ut about
yourself and your topic. Although we u~':lal1~ thlll~ about wnt~ng as a mode
of "telling" about the social world,. wntlll~ ~s nc: t Just a mopplll~, ~up, "
activity at the end of a research proJect. Wntmg IS also a way of knO\\ mg ,
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a.Inetbod of discovery and anal~sis. By writing in different ways, we
dIscover ne~ aspects of our tOpIC and our relationship to it. Form and
content are mseparable.
(Richardson, 1998,p.345)
Writing is an integral part of the entire action research process. Richardson discusses
poststructuralism as a form of postmodernism which is helpful in considering the
writing involved in social science. From a poststructuralist perspective, language is not
considered merely a reflection of reality, but also a means of producing meaning, thus
creating social reality. Social constructivist theory would seem to reinforce this
perspective, wherein the various forms of writing involved in the research process are
seen as important contIibutors to understanding. During the constructive stage, the
writing of my reflective journal allowed me to analyze, clarify and develop
assumptions, understandings, hopes, and theories concerning both my teaching and my
research.

This view of writing highlights an important aspect of self-study action research. The
research process contributes to the development of the teacher researcher in many ways,
and one of those is through writing.
Language is not the result of one's individuality; rather, language constructs
the individual's subjectivity in ways that are historically and locally specific.
(Richardson, 1998, p. 349)
Thus the insights with which I was awarded through analyzing the data in this
constructive stage of the analysis were an integral part of the analysis. They allowed me
to either modify my earlier analyses of many problematic situations in my teaching,
thereby improving my practice in at least some of these, or to identify and strengthen
practices of which I had been unaware until then, that the analysis showed to be
pa11icularly appropriate and effective.

The Data Analysis Stage
In actual practice, we read and reread a portion of t~e dat~ and provide la~els
- usually notes in the margins - that identify a me~mng ~I1:1t. !~'l1S pro~ess IS
called coding ... We refer to the first broad categones as bms mto WhICh the
coded data can be given an initial rough sort.
(Ely et al., 1997, p. 162)
A t the beginning of the formal analysis of the data I decided to use my list of research
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questions as these initial 'bins'. This served initially to focus my thinking on specified
purposes of the research. Subsequently it helped to focus my analysis on the issues
that were emerging as most substantial, while allowing me to put aside issues that had
come to seem secondary or not directly relevant to the present work. The questions
were organized according to major questions and subquestions. Therefore, along with
developing codes for the issues that were emerging from the data, I numbered the
research questions in such a way that I would be able to quickly find the specific
question or questions which were addressed by any particular piece of data. The
following is an excerpt of one journal entry which was coded in this way:
Then I gave them the problems to classify for homework. I think this part of
the lesson took just the right amount of time - although it is complicated to
understand the first time, I think we did enough to prepare them to do the
assignment successfully. And the assignment will help to fortify their
understanding. This was definitely the right instance of when to give a short
bit of homework. eff t'g(effective teaching) - diff frmwrks (different
frameworks) IBii c (question 1 part b, third part of second
subquestion) When I gave them the homework I was once again mediating
intentionality and reciprocity by telling them how important it is to
understand this point, I was also mediating the feeling of competence by
telling them that although it is confusing at the beginning, if they take the
necessary steps they will understand it quickly, and also mediating goal
achieving behaviour. eff t'g (effective teaching) - MLE crit (MLE
criteria) IBiv (question 1 part B, fourth subquestion), resp
(respnsibility) IBia, (question 1 part B, first part of first subquestion)
hmwrk (homework) IBiic (Question 1 part B, third part of second
subqestion)
I then used the computer to paste the data segments in documents arranged according to

the questions. This process allowed me to sift out questions which had been less
relevant to my developing research focus, while obtaining a more detailed and
encompassing picture of the more central questions.
After this initial organization of data, in which certain themes were beginning to emerge
as foremost, I felt it necessary to re-examine the data, this time allowing myself
greater freedom to discover issues that had not been foreseen by the research questions.
Tesch provides a rule for developing an initial organizing scheme:
Note the topic, not the content! When you look at .a piece of data, .ask .
yourself, 'What is this about? Don't pay any.attentlOn'yet t? what IS Said,
i.e., to the substance of the statement; you WIll deal WIth thIS at a later
stage. (pp. 142-3)
(Tesch, 1990, in Ely et al., 1997, p. 169)
I began labelling the data according to topic, some examples being 'teaching problem",
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'student participation', 'understanding', 'student thinking', 'problem-solving',
'mathematical content', 'why', 'spattering', 'MLE' , 'role model' , 'reflection-inaction', 'group work' 'listening', 'control', 'accepting', 'principles', 'attitUdes',
'responsibility as learners', 'responsibility as teachers' ... After labelling the data from a
number of lessons in this way, when I had approximately 40 different labels, I sorted
these into more general categories. These categories were: 'responsibility', 'MLE',
'them & me', 'principles, norms & beliefs' 'teaching problems - mine & theirs' ,
'teaching strategies', 'role and place of the individual' , 'context' and 'methodological
problems'. I then colour-coded my data using different-coloured markers for each
category. These codes were then used for the further textual analysis of my reflective
journals, the student reports, the periodic summaries I had prepared, and in the lesson
transcriptions. During this process I looked for 'meaning units' (Ely et aI., p. 162)
which could contribute to my growing understanding of the themes that were emerging
from the data. Although these were most often classified into existing categories, as I
continued coding the data the categories were sometimes altered to keep them relevant
and suited to the data. Both simultaneously and subsequently I began to look for
relationships between the categories, the culmination of which was the writing of an
outline which I assumed would provide the structure of the dissertation.
I then prepared a preliminary draft thesis in which I structured the dissertation
according to the major themes that had emerged during my analysis. During the writing
process, in my attempt to justify my arguments, I found myself more critically
searching for data which would verify them. I looked at the different categories,
reviewing the colour-coded data and looking for evidence which could reinforce or put
into question my understanding of the themes that had emerged until then. This process
at times led me to refute interpretations that had previously seemed obvious and whose
refutation had escaped my previous analyses. Here, as discussed above, the writing
process played a crucial role in the analysis, often resulting in new understandings and
new ways of looking at the data, and at times causing me to change my original
perceptions and understandings.
Because of my concern with demonstrating the way in which the action research process
had unfolded in my research, I became dissatisfied with my original intent to structure
the presentation of the data in my dissertation according to themes. To this end I
prepared a tilne-ordered matrix (Miles & Hubennan, 1994). This matrix \vas organized
along one axis according to the three teaching modules which I was looking at, and
along the other, according to the themes that I had been considering previously. It
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highlighted the continuing developments in my teaching, including the difficulty I was
having in putting into practice different strategies that I had decided to use, the growing
participation and understanding of the students, and the differences in the character of
each of these modules. This matrix provided the backbone which allowed me to rev,Tite
the draft in a more linear fashion, presenting the active process through \\'hich I
gradually learned to implement the action strategies I had detennined to use at the
outset of the project, as well as the problems and insights that had led me to deyise
additional strategies.
The subsequent write-up of my findings provided an additional opportunity to sift
through the data, looking at both the particulars and the general meanings that were
emerging from them. In describing the three consecutive modules of the didactics
course I attempted to provide enough "thick description" (Geertz, 1973) for the reader
to get a sense of the way the course unfolded from the point of view of both myself and
the students, and of the interactions between us. To this end it was necessary to depict
the content of the course as well, to provide a context within which to view our
interactions, but also to understand the educational goals to which I aspired through
those interactions.
Hitchcock & Hughes discuss the role of theory in qualitative research:
Obviously, the qualitative researcher does not enter the field in an emptyheaded fashion, indeed, school-based teacher-researchers have to have some
guiding ideas or notions. However, theOI)' i~ qualitative research is not .
prescriptive, it is rather creative and open-mmded and therefore operates III a
different manner.
(Hitchcock & Hughes, 1995, p. 30)

This theory is derived from such sources as personal knowledge and experience,
educational theory and reports of the work of other practitioners. Like Whitehead
(1993) in his construct of living educational theory, Hitchcock & Hughes emphasize the
importance of a reading of the literature in the development of this theory:
... despite the difficulties the teacher-researcher ca.n an~ should be able t~
draw from a broader body of educational and SOCIal SCIence knowledge III
however a limited fashion in order to make sense of and hence move towards
the analysis of the data collected.
(ibid., p. 303)
Bauersfeld approaches a similar conclusion, emphasizing the inadequacy of existing
theories of analysis:
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T.he attempts to~ards hOlisti.c interpretations [of numerous re-plays of
videotap~s] get mto trouble In many aspects, for which no adequate theories
?f analysl~ have been developed so far. Inevitably, therefore, the
Inte~retat1ons of classroom scenes, and of teaching-learning problems in
partIcular are cases not only of an application of scientific theories but also
of a creati ve use of everyday understandings and shared (sub-) cultural
knowledge.
(Bauersfeld, 1988, p. 32)
There was a long period, while I was preparing to write the concluding chapter, in
which a reinterpretation of the data became the main focus of my thinking. In addition
to the eyes-on analysis of the data, I continuously mulled over the entire research
process, trying to make sense of the research as a whole. This process had begun during
the last part of the year in which I taught the course, and continued until the dissertation
was ready to be submitted. I would imagine that it will continue in the future as well. It
was in this attempt to make sense of the whole that there was a continuous shift in what
I felt to be the underlying meaning of the research. This was not the analysis of
particulars, but rather the fruit of my struggle to understand for myself, and to explicate
for the reader, what was special about my work and in which ways it could contribute to
the growing data base of research on teacher education.
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CHAPTER FOUR

MY STUDENTS
Who my students were

The group of students which I looked at was made up of 34 full-time students of the
regular early childhood four-year programme at David Yellin Teachers College in
Jerusalem. Each year the programme includes at least one day a week of teaching
practice guided by a supervisor who, in addition to observing them in their work and
conducting one-on-one supervisory discussions every two or three weeks, also teaches
them a course in pedagogy called "Analysis of the Teaching Process". The practicum
and the accompanying didactics course together make up the central component of
their programme. In the first year of the programme the students' teaching practicum
takes place in pre-school classrooms, in their second year, the year in which I teach
them, they work one day a week in either first grade (6-7 year oIds) or second grade
(7-8 year olds) classes. It is only in their third year that the students spend longer
periods of time in the classroom, at the teaching level that they choose (pre-school, first
or second grade). In their second and third years, although the college courses are
given from October through the beginning of June, their practical work begins on
September 1, with the beginning of the children's school year, and continues until the
end of June. At the time of this study in their fourth year most of the students were
already acting as full-time teachers and they returned to the college one day a week to
complete their course work. At this time their work was accompanied by a supervisor at
the college.
In addition to this central pedagogical course and courses in literature, literacy, Jewish
studies and the arts, in their first year at the college the students took introductory
courses in psychology, in which they studied a wide range of psychological issues, and
educational philosophy in which they learned about educational concepts and
ideologies and discussed the connection between theory and practice. Because issues
in educational psychology made up only a small part of the psychology they learned,
when they entered my course at the beginning of their second year most of the students
had only limited and superficial knowledge of the cognitive development of young
children. During their second year they took one additional compulsory course in
psychology: The Family, the Pre-school and the Child, which dealt with the connections
between these three elements and their effect on the child.

1 15

The Didactics of Early Childhood Mathematics was a required course. During their first
year the students took a course called "The Basics of Mathematics" in \\'hich they were
introduced to new, higher level mathematics content that was meant to deepen their
understanding of mathematics as a discipline. This course did not consider pedagogical
issues. At the time of my research project, the status of a third year course in
mathematics pedagogy, which I had taught until then, was shaky. It had included
observing the students teaching mathematics in their practicum. The subsequent
decision to discontinue it meant that the students' mathematics teaching was observed
only occasionally, and usually by supervisors who themselves often had little
knowledge or understanding of advances in mathematics education.
As described in the previous chapter, both classes that were considered for this study
were made up of a mixture of full-time pre-service students and of practising teachers
who were taking the course for in-service credit. The data collected regarding the
in-service students is reported only to the extent that it seemed to have a direct affect
on the work of the pre-service students.

The Pre-project Questionnaire
Because it was not yet clear which two classes would actually take part in the
following year's project, at the end of the school year prior to the beginning of the
project, I distributed questionnaires to all the first year full-time pre-service students.
The questionnaire was meant to gather information regarding their backgrounds and
their attitudes towards mathematics (see Appendix B). Although there was no mention
of my research intentions in the questionnaire itself, I explained to the students before
they responded to them that it was being given to them as part of a research study that I
would be carrying out with some of them during the following year. The students were
offered the option of answering the questionnaire anonymously. Of the 34 students
who were included in the research, 32 answered the questionnaire, 2 apparently being
absent on the day that it was given. It is the responses of these 32 that are reported
here, 16 of whom chose to remain anonymous.
From the point of view of the research, this questionnaire was given as part of the first
action research cycle. The general purpose of the research had been determined by five
years of previous experience teaching this course in which I had identified a number of
key problelns. It was now necessary to focus on the particular population with \\'hom
this research was to be carried out.

1 16

From the point of view of my teaching, starting with a questionnaire allowed me to take
into consideration, to some extent at least, the perceptions and perceived needs of my
students. In accordance with a situated view of learning, I felt it was important to find
ways to connect my teaching with the previous experience and present reality within
which my students found themselves at the college and in their student teaching
placements.
The first section of the questionnaire contained four statements reflecting attitudes
towards mathematics and mathematics education which the students were asked to rate
on a scale from one to five, in which 1 represented "not at all " and 5 represented "to a
great extent". The final statement was meant to evaluate the extent to which they had
encountered conceptual work in mathematics in the kindergarten classes where they
were placed dUling their first year at the college. The results were:
Table 1

not at all

not
very much

neutral

quite to a great
extent
a bit

total

I like mathematics

0

5

11

6

10

32

I liked mathematics in
elementary school

4

3

6

10

9

32

I liked mathematics in
high school

5

5

7

9

6

32

I feel comfOltable with
the prospect of teaching
math in school

o

5

10

10

7

32

In the preschool
where I worked this
year they worked on
developing children's
mathematical concepts

6

5

9

8

32

The most striking feature of their responses in this first part of the questionnaire is the
relatively positive attitude towards mathematics that is expressed by the majority of
students. Only five (15%) indicated that they do not like the subject, while sixteen
(50%) said that they do. Regarding their elementary school experience with the subject,
nineteen students (60%) said they liked it, and only seven (22%) said that they didn't.
In high school the situation is somewhat different - ten students (31 %) said they di~
not like mathematics during their high school years, but there was still a high proportIon
of those that did - fifteen students (47%). Regarding their degree of comfort with the
thought that they would have to teach mathematics to children, sixteen students (500'c)
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indicated that they were perfectly comfortable with the prospect.

Regarding their experience in the pre-schools where they had been doing their student
teaching until then, eleven students (34%) indicated that they had seen more than
minimal work on mathematical concepts in their classes. This was important
information in that it indicated that in the pre-school context in which they had worked
during their first year many of the students had not had the opportunity to see the way
mathematics might be taught at this age-level.

In the next section of the questionnaire I described a typical class of each of two
imaginary teachers, and asked the respondents to note the positive and negative traits of
each as they saw them. The descriptions were as follows:
The. first teacher, Nit.za, likes mathematics and enjoys teaching it. She
begIns her lessons wIth explanation given to the whole class together.
She then invites a few children to the blackboard to solve a problem
while th~ ot~ers are watc~ing, and asks the class whether they agree that
the solutIon IS correct. Fmally she has the children work individually in
their workbooks, each at their own speed.
Th~ second teacher, Gila, has the children sit in groups according to the
subject that they choose to study on that day. There are various
manipulatives put out at each table. While working on the tasks the
children consult with each other. Towards the end of the lesson Gila asks
the different groups to report on the work they have done.

An analysis of the responses to this question shnws that sixteen students (50%)
expressed a clear preference for the teaching style of one teacher over that of the other.
Of these, fourteen (87.5%) chose Gila's more open teaching style, and only two
(12.5%) chose Ni tza' s more traditional style. Eleven students (34%) were more
neutral in the way they related to the two styles, pointing out what they saw as the
positive points of each of the styles. It is interesting to note that seven of these more
neutral students (64%) were those that had reported in the preceding section of the
questionnaire that they liked the subject of mathematics. Assuming that an enjoyment of
mathematics indicates previous positive experiences with the subject, it may be possible
to interpret this data as indicating that the numerical ability of these students aIIowed
them to succeed in and appreciate the more traditional type of mathematics teaching that
they experienced as children. On the one hand, this finding potentially had ramifications
for my teaching in that it was in keeping with my previous experience teaching the
didactics course where I found that students who experienced success as children in
mathematics classes at times found it difficult to accept more progressive views of the
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way the subject might be taught. On the other hand, the fact that they had not chosen
Nitza's conservative style of teaching as being preferable may have been an indication
that they had begun to learn about and appreciate alternative ways of teaching in
general and might be expected to be somewhat open to an alternative style of
mathematics teaching as well.

A corresponding finding showed that of the six students who said they did not like
mathematics at all, four of them (66%) chose Gila's teaching style as that of
preference, with only two (33%) mentioning both positive and negative points of each.
None of these students chose Nitza's style of teaching as being preferable. It was
possible that for them, as I had found with other students in the past, an alternative
view of mathematics teaching would be accepted as a welcome event. Of the nine
students reporting a neutral attitude towards mathematics, five (55%) clearly chose
Gila's teaching style, two (25%) mentioned positive and negative attributes of each, one
(11 %) chose Nitza's style, and one did not answer the question.
Comments which were repeated by more than one respondent regarding the positive
points of Nitza' s lesson were: all the children hear the explanations (3 responses); the
children work individually in the workbooks (5 responses); she knows how to explain
the material (4 responses); she likes teaching mathematics (3). The fact that these were
the most frequent responses may indicate a number of perceptions regarding
mathematics education: that by ensuring that all children hear explanations most will
understand them as well; that the role of mathematics teachers is to explain; that
having the children work in the workbooks at their own pace is an important way of
individualizing the learning; and, clearly, an understanding of the importance that a
teacher enjoy what s/he teaches. The three main negative points were: not all the
children are at the same level and understand her explanations (9); calling the children
up to the blackboard is threatening and puts pressure on the children (7); having the
children judge the work of those who solved the problem on the board (3). These
indicate the understanding that although many children may understand the teacher's
explanations, there are always some that don't; and that the emotional factor must be
taken into account when teaching mathematics.
Positive points regarding Gila's lesson were: she understands the children (3L the
children discuss and work cooperatively in small groups (5); the children work with
concrete materials (4); the children are free to choose (3). These responses may indicate
the influence of previous courses taken at the college which encouraged a more
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progressive approach to education than most of the students had experienced as children.
Negative points were: the possibility that too much freedom might prevent children
from learning everything that they should (4); technical difficulties of keeping order and
being able to get to all the children (3). These last points show an awareness of the
difficulty of practising the principles of a more open teaching approach.
The last question of the questionnaire related to the students' expectations of the
course in pedagogy that I was to teach, and asked whether they had any requests. There
was a wide variety of responses to this question. Those which were repeated a number
of times were: to receive the tools they would need in order to teach mathematics
efficiently so that the children would understand (6); that my way of teaching should be
clear and simple (8); that they should learn how to explain the material properly (4); that
the course should be interesting (4); and that the course should be relevant (3).
Somewhat less progressive than the attitudes reflected by their responses to the
previous question, these expectations reflected both a traditional view of mathematics
education, in which it is the teacher's role to explain the material to the child, and a
utilitarian view of the didactics course (Calderhead & Robson, 1991; Stuart & Thurlow,
2000), in which they need only learn the tools to teach the subject matter efficiently.
Together the responses reflected a complex situation in which I would need to find the
ways to both build on the beginnings of a more progressive view of education which
was in the process of developing in many of the students, and the many traditional
perceptions of mathematics and mathematics education which were held by many of the
students (Ball, 1990b).

Beginning-or-year Questionnaire, November, 1997
The purpose of this questionnaire was to get an idea of what kinds of mathematics
lessons the students were currently observing/participating in the schools, and a
preliminary evaluation of the extent to which these mathematics lessons fit in with their
prior perceptions and their expectations of these lessons. The questionnaire was filled
out by 30 students, four students being absent from the lessons on the day it was given.
When asked to describe a typical mathematics lesson in the class that they were working
in, three main types emerged from an analysis of their descriptions: Nine students
(30%) reported a typical lesson as one in which the teacher begins with a whole-class
explanation of the work to be done, followed by individual work in their workbooks;
Five students (17%) described lessons in which the children work on their own during
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the whole lesson, usually in the workbook but sometimes IOn th

b k
elr note 00 -s; Three
students (10%) described lessons in which the children take an to
ac lve part III games or
other mathematical activities.
0

0

Oh h
In the next question the students were asked to rate the exte now
t t hIC
t e type of
lesson they observed in their class was in accordance wI·th th elr expectatIOns.
0

0

The results are displayed in the following table:

Table 2
not at
all

not very
much

no
to some
expectations extent

very
much

total

whole class teaching
followed by individual
work

0

0

4

5

,.,

independent work only

1

3

1

0

0

5

games! activites

0

0

0

0

3

3

whole class lesson

0

0

0

1

0

1

students' intentions
unclear

0

0

0

3

-4

7

did not see enough
lessons to determine
a typicallesson

0

0

3

0

0

3

total

11

30

The last question asked the students to describe the ways in which the lessons did or
did not agree with their expectations. The responses of the twenty students that
answered this question can be sorted into six categories:
1) Four students' comments related to the use of the workbooks (the text in this case).
All four criticized the emphasis on the work in the workbooks.
2) Three students related to the teacher's teaching, all of these mentioning the clear
explanations of the teachers.
3) Six students mentioned either the level of the material taught or the le\Oel of the
children's mathematical knowledge. Of these, two students felt the level of the material
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to be too low for the children, one felt the level was right for them, and three felt that
the level was in accordance with their expectations, without relating to the extent to
which it is appropriate for the children.
4) Three students related to the active nature of the work done in the class.
5) Two students related to the understanding of the material by the children, one feeling

that the children did not understand what the lesson was about, and the other noting that
she felt that: "the work with the rods is very technical and didactic. But in any case the
children really understand the material".
6) Two students related to the use of concrete materials, one noting the fact that the
teacher used them, and the other had "expected there to be change in the approach to
learning to an approach that is based on more concrete work, but it doesn't look like it".
Analysis of these responses shows a high level of consensus regarding a structure of
mathematics lessons in accordance with many students' expectations. Of the eleven
students (55% of the 20 respondents) who reported that the typical lesson that they
observed was of the fOID1 "whole class teaching followed by individual work", all
indicated seeing these lessons either as in accordance with their expectations or at least
not conflicting with their image of what mathematics lessons should look like. This is
somewhat reinforced by the fact that of the five students who observed lessons where
the children worked independently with the workbooks for the whole duration of the
lesson, 4 (80%) indicated that this was not what they had expected to find. It is
noteworthy that the three students who found themselves in classes where mathematics
was taught using mathematical activities and games all reported that these were very
much in accordance with their expectations. Was it just coincidence that those three
students happened to have different expectations than many of the others, or was this a
situation in which a student, having seen a more open and flexible lesson than those that
were known to them previously, felt this to be a model of teaching which is in keeping
with the more open view of general teaching that they were learning about at the
college? This latter interpretation may better suit the findings of the previous
questionnaire in which the majority of the students, while choosing Gila's more open
teaching style, expressed expectations of the didactics course in keeping with a more
traditional view of mathematics education. It would seem that when faced with an
alternative to traditional mathematics teaching many of them at this point were able to
see its advantages, but were not yet capable of imagining for themselves what these
lessons might look like.
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Further Information

Additional preliminary information about my students was obtained from a task which I
gave them in one of the first lessons of the year, when I asked them, in small groups, to
consider why they felt, if at all, that it was important for people to learn mathematics.
Some of the responses that they listed to this question were: that it helps to understand
ones' salary breakdown and one's social insurance payments, to figure out change in
the grocery store, to figure out what a percent discount means in money-terms, to have
a feeling of what amounts mean, to be able to estimate, so that people \\'on't cheat you,
and to develop analytical skills. The latter point, the development of analytical skills,
was mentioned in only one of the ten groups which participated in the activity in the two
classes.
The reasons they gave seem to indicate an understanding of the practical utility of
mathematics in everyday life, but show little consideration of any wider educational
value of learning mathematics. A number of explanations for this phenomenon may be
put forward - first, that the question led them to think in practical everyday terms.
Second, that most had never thought about the connection between mathematics and
analytical thinking. And third, connected with the previous explanation, that they
themselves, in their years of schooling as children, had never experienced the kind of
mathematical activity which encourages thinking.

Summary
When looking at the overall data regarding the students' attitudes and experience with
mathematics and mathematics education, what emerges is a group of students whose
previous experience as children and present experience as pre-service student teachers,
is for the most part of a tradi tional mode of mathematics education. On the other hand,
there seems to be a beginning of a more progressive view of education which, when
identified in mathematics teaching situations, is recognized and appreciated by many of
the students.
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CHAPTER FIVE
THE FIRST MODULE - SORTING AND CLASSIFYING AND
CONCEPT DEVELOPMENT
For the first module of the year I chose to focus on the use of Mediated Learning
Experience. There were two main considerations behind this decision. One was the
function of this module as an introduction to the ideas and ways of working that would
characterize this didactics course. The use of MLE, allowing me to point out the
students' own current conceptions and beliefs about mathematics and mathematics
education, would begin to indicate possible ways of connecting these with the
alternative view of mathematics that my teaching represented. Second was my interest in
having the criteria of MLE become a lens through which they would subsequently be
able to view and analyze both their own teaching and mine. This goal was related to my
growing understanding, from recent study of Feuerstein's theories, of the centrality of
MLE in ensuring effective teaching/learning situations.
The subject matter of the first module was the subject of sorting and classifying. In
addition to providing an introduction to the three essential criteria of Mediated Learning
Experience, the lessons had two separate but intimately connected foci:
*They introduced the students to various sorting acti vi ties, from the sorting of assorted
materials closely related to the everyday life of children to the sorting of more abstract,
structured sets of geometric shapes.
* They dealt with the idea of concept-building on the part of the learner, and how this is
done through the individual's s011ing and classification of stimuli to which he or she is
exposed.
This chapter presents the work done in this module and the ways in which my practice
was based on my theoretical understanding of MLE and its connections to
constructivism and situated cognition.

The Use of MLE
The importance of mediation as the initial focus of my work may be seen by looking at
the three essential criteria of MLE: intentionality and reciprocity, meaning and
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transcendence.

One of the major challenges of teacher education is to help students get past the belief
that they already know what teaching is. Because of their long "apprenticeship of
observation" (Lortie, 1975) which they experienced during their years as
schoolchildren, many students feel that they are in teachers college to learn the
techniques that they will need in order to become the kind of teachers that they already
.
.
know.

Stuart & Thurlow describe their students as entering the methods class with "a
utilitarian focus, expecting that they would learn motivating strategies and techniques
for classroom practice" (Stuart and Thurlow, 2000, p. 114). Ball (1988) describes a
similar situation specifically in terms of mathematics education:
Students do not expect the course to challenge what they already know about
teaching mathematics. They want to get better at what they know math
teachers have to do: explain, show and tell.
(Ball, 1988, p. 12)
My students' beliefs, evident through their responses to the first two questionnaires,
were to a great extent in agreement with these descriptions. As discussed in my
treatment of the theOlY of Mediated Learning Experience, anyone instance of MLE
must include the first three criteria: intentionality and reciprocity, transcendence, and the
mediation of meaning. When I needed to begin to counteract my students' taken-forgranted beliefs, intentionality was evident in my desire to introduce them to a new way
of looking at mathematics education. In my efforts to ensure their reciprocity, I
mediated both the fact that there were new and important things that they could learn
from this course as well as their significance for their teaching and their pupils' learning.
This n1ediation of meaning needed to be both general and specific - they needed to
understand the meaning of the approach as a whole and that of the individual activities
of which it is comprised.
In order to arrive at this understanding, the students needed to compare their previous
experiences of learning and teaching and the taken-for-granted beliefs that these
engendered, with their experiences with this novel approach to mathematics education.
In turn, comparisons needed to be made between their experiences in the course and
their implications for future practice. This transcendence, the bridging between
different manifestations of the same idea, could allow them to arrive at a more
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generalized understanding of the concepts and phenomena involved. The mediation
would hopefully engender a willingness to deal with theoretical issues in addition to
meeting their desire for practical tips to use in their teaching, and initiate a process
whereby they would develop new understandings and modify their beliefs regarding the
essence of mathematics and its teaching and learning. The action strategy that I chose to
achieve these goals was to have my students begin to understand the importance of
looking critically at mathematics education by constantly asking the question "why".
Asking the question "why"
I began by having them examine carefully the premises behind both the activities I
had them take part in and the mathematics that is taught to children in school.
If pre-service students do not bring their beliefs to a conscious level and
artic~late and examine them (L:asley, 1980), they will perpetuate current
practIces and the status quo WIll be maintained. This is unacceptable given
that... many of the beliefs teachers and children hold are counterproductive
to the teaching-learning process. As pre-service teachers begin their careers,
they will be in a position to break this cycle, but they will be incapable of
doing so as long as beliefs of which they are not cognizant drive their
classroom practices.
(Stuart & Thurlow, 2000, p. 119)
In my case this was done with a dual purpose in mind: to have them consider the
importance of mediation, particularly the mediation of meaning, and to have them
focus on their own thinking regarding mathematics education. The question "why" had
the potential to allow them to critically examine their taken-for-granted beliefs about
mathematics education. As they questioned their beliefs they could discover that not
everything they had always taken for granted could stand up to scrutiny. There was also
a very clear value message present in this strategy, that of the importance I saw in
maintaining a critical attitude toward educational practice, and the importance of
justifying educational decisions that could affect the lives of children.
When the students entered the class at the beginning of the first lesson I asked them to
write their names and draw their faces, with any prominent attributes they might have,
on stickers which they were to wear during the lesson. On the tables there were
'treasures" of random objects (sets of assorted small toys, parts of old games, puzzle
pieces, buttons, screws, ribbons, old pencils ... ) which they were invited to play with
freely.
I began by putting out various treasures and telling them, as they came in,
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that they're invited to play. A~ter a few minutes I told them that usualh'
when I.tel~ them to do somethmg the~e's a reason for it, and I'd like th~m to
start thInking about why I do everythmg I do in these lessons.
(Journal, 28110197, lines 5-7)
The statement that there is a reason behind my actions, although seemingly a truism,
was a way of pointing out the fact that reasons are not usually questioned _ that college
teachers, as schoolteachers, often pronounce tasks to be done and are rarel y called upon
to justify their choices. Students are usually not expected to wonder about the reasons
behind their actions.

As they were playing I began to move around the class, looking at the names \\Titten on
the stickers and looking closely at their faces.
While they continued to play (sorting, making an attribute train, building
upward, feeling ~he materials) I began to read off the names and go around
one by one, looking at them and their stickers, to try and remember their
names.
Then I asked them why I had done that with the stickers - they actually
showed me ways in which I had mediated that I hadn't been aware of - that I
had made it very personal, that I had broken the ice, that I wanted to get to
know them - if I had taped it I could have given other reasons they
mentioned. Nobody actually said to remember their names - that sounded
quite prosaic next to the ideas they brought up.
(Journal, 2811 0/97, lines 11-18)
The statement that my own ideas sounded quite prosaic compared to theirs gives an
indication of the enthusiasm with which I greeted their responses. This was one way in
which I encouraged them to come up with their own ideas and to attribute their mvn
meanings to the situations experienced in our classes.
During this first module there were many situations where I asked them to consider the
reasons behind my decisions to do particular activities with them. During the first lesson
I asked theln two further 'why' questions: first why I had given them the opportunity to
play freely with the materials, and then, in small group discussion, to consider why they
felt, if at all, that it was important for people to learn mathematics.
In all of these instances I gave the students the opportunity to attribute their own
meanings to the work we were doing. The example of finding reasons for learning
mathematics provided valuable information regarding the students' beliefs and
understandings regarding mathematics and mathematics education. Although there was
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the occasional response that related to the intellectual benefits of doing mathematics,
almost all related to the usefulness of knowing mathematics for everyday activities such
as banking, shopping and looking after household finances.
The students were also asked to consider the reasons why I had introduced sorting as the
first subject of the year. I had them discuss these ideas in groups and then, as the groups
read off their lists, we discussed the various points.
Donna: Any way that you decide to sort is correct. In other words, you don't
have to legitimize your participation, because there is no right and
wrong.
Rachel: Nice. It's actually an activity without sanctions.
Donna: The development of thinking.
Miri: To learn regularity ('according to a law' in Hebrew)
Rachel: What do you mean?
Miri: Because I sort according to red, blue, green, according to the first
letter, according to shape
Rachel: Maybe. Because you act according to certain rules.
Michaela: On the one hand the game is open, on the other there are rules
which you have to keep.
Goni: There are all different kinds of rules. That's the thing. It's not one
rule and that's it. It's also open.

Miri: And our second idea is that it is a social activity. Because one person
can't sort alone.
Hadara: Y es he can.
Miri: He can, but then he wouldn't be playing the game we just learned.
Rachel: And this group?
Sorrel: You asked why you chose to start with sorting. I think it's the basis
of life. We sort without even noticing it.
Rachel: When do we sort?
Sorrel: All the time.
Rachel: And from what age do we start?
Sorrel: From the age of zero.
Hadara: I think it's a basic tool which allows us to change in life.
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Rachel: "A basic tool which allows us to change in life.' That's nice.
Sorrel: To recognize attributes .. .!t enriches our knowledge.
(Transcript, 5/11197, pp. 1-3)
The above segment reveals some beliefs that the students may be beginning to
question. First, Donna's comment about not needing to be right in order to be able to
participate in a math lesson implies the belief until now that mistakes are seen as a
negative phenomenon, and that a person who makes mistakes has nothing to offer to a
mathematical discussion. She also mentions there being no right or wrong presumably because of the assumption that in mathematics there is always one correct
answer and/or one correct way of solving a problem. Michaela's comment about the
game being open, as well as Goni's that there are all different kinds of rules both seem
to indicate their surprise that a mathematics activity can be flexible and open. This
might shed light on a prior belief that mathematical activity must be highly structured
and constrained by very clear rules that leave no room for maneuvering. Hadara's and
Sorrel's comments at the end, that sorting is a basic tool which allows us to change in
life, and that it enables us to enrich our knowledge, clearly demonstrates a beginning
understanding of the centrality of classification in the cognitive development of the
individual. It might also indicate an initial shift away from the purely utilitarian view of
mathematics education that had been evident in the students' responses to the question
of why they felt it was important that people learn mathematics. On the other hand it is
possible that it indicates a prior understanding of the potential of mathematics as an
intellectual pursuit which, through activities such as this one, might be realized.
A few of the students tried doing sorting activities with children during the course of
the week, and, in the next lesson, I asked them to report on what they had done and hmv
it had gone. Nora, an in-service kindergarten teacher, said that the children in her class
sort all the time. I asked the students how they might be able to take advantage of the
fact that they do so, a discussion which, without my intending it, revolved around the
question of mediation.
Gail: All the time you can remind them, you can emphasize what they're
doing. You can show them "you're taking all the pinks" or ~~ ask
them "which colour did you choose fr?m ~ll of the colours ...And
if you put all the bags in this bin and III thIS one only paper - It
tells them that all these are bags.
Rachel: One of the important abilities of teachers is the ability to express
in words what the children do on their own. To make them av.:are
of what is happening, to talk to them, to ask them questions that
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will cause them to think .. .!t' s extremely important because when
a~ adult - and that's what we're going to talk about in a few
mmute~ - when a~ adult mediates for the child what is
happemng, the chIld ~an l,earn more ~nd learn more meaningfully
than when he or she Just mteracts wIth the physical environment.

Nora: Our mediating is just to tell them Rachel: GO?d - that's ~hat I w~n~ed to, talk about... Is mediating only
tellmg the,m thmgs, or IS It asking them questions as well? For
exan:p,l~, ,If the~e were childr~n that sorted something, I have two
pOSSIblhtI~s - elth~r to verbalIze what they were doing, in order
~o tum t~elr attentIOn to what they were doing, or to ask them
What dId you do here? Why did you decide to put these here
and those th~re? ~hat :vay I can really come from where they are,
so that the dISCUSSIon IS understood and meaningful. Here you
lea~ from them, from the things they bring up, according to
whIch they acted.
(Transcript, 5/11197, pp, 5-6)
This exchange, while again looking at the centrality of classification in cognitive
development, indicates Gail's understanding of the role of the teacher in realizing its
potential. In my own rewording of what she said, I pointed out that making these
comments is one way in which teachers can mediate for their students. I also took
advantage of this opportunity to connect the use of MLE wi th the operationalization of
constructi vist theory - one can mediate by telling, or one can mediate by asking,
Paradoxically perhaps, rather than having them work out their own meanings, here I
mediated mine by expressing my clear preference for having the learner consider the
meanings that s/he attributes to situations. What I neglected to do was to mediate the
fact that the many instances in which I had already had them answer the question 'why'
were a reflection of this preference in my own work with them.
Almost all the instances where I asked the students to consider the reasons behind the
choice of what to teach and how to teach were based on occurrences that either
happened in our lessons or in their own previous experience. Both of these are apparent
in the following conversation:
Rachel: Another attribute of mediated learning is ... the mediation of
meaning. As you saw both in last week's lesson and in today' s,
we keep on working on the question of \vhy, - ,w~at are the
reasons behind the things we do. Now why IS It Important to ask
the question why? ..! have reasons for doing ,What I do .and I want
the child to understand those reasons ... Why IS that so lmportant?
Why does the child have to know \vhy?
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T~e truth is that often te~chers don't say why they are do in g

thmgs. They, have the chIldren do something, and they do it
because that s what the teacher said to do.
II ana: That's pretty bad.
Rachel: What's not good about it? Why is it important that children
should know the reasons?
Hadara: So that they will understand, so they will think.

Miri: So ~hey' II know that when you do things there is some looic
behInd them.
0

Tzila: ... even wh~n the teacher doesn't explain, there are children who
ask of. theIr own accord.

Goni: ~t' s a question of education usu,ally. A,s soon as a child grows up
In an atmosphere where they (hmIt) hIm, and don't allow him to
act~, he actually says ':Wait a minute, this i~ what they expect of
me ,and he stops aski,ng Why., Unless I deCIde to break open the
framework and I contmue askmg why anyway, and then they'll
say that I'm hyperactive or something.
Rachel: Those are the first two parameters of MLE. We'll talk about the
others as we go along. Each time when it happens that I mediate
something in some way, I hope to point it out specifically. But
it's possible that you will notice when I am mediating
unconsciously. Because all in all mediation is something that we
most often do without being aware of it.
(Transcript, 5/11197, pp. 12-14)
Although these future teachers, as is often the case, had experienced a life-time as
children in classes where they were told what to do without being given reasons for
their doing it, as soon as I mentioned the importance of mediation of meaning they
realized how untenable this practice could be. This transcendence was an effective
strategy that I used often - framing educationally sound ideas in ways that connected
with their own experience and then having them work out for themselves the reasons
that this practice is to be desired. Goni's comment served to further connect the idea of
the mediation of meaning with another situation that is familiar to many - young
children's tendency to ask the question why all the time, and the consequences that
result when the child's environment does not reciprocate when they do. Here,
unfortunately, I did not taken advantage of her comment to discuss Feuerstein's idea
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of reciprocity on the part of the mediator.

There were a number of occasions when I referred to additional parameters of MLE bv
relating them to what we did.
.
I had them list as many ",:ays of sorting the "defined" treasures as they
could, the~ play the.guessmg game again. This time the classifier would
have to thInk of attnbutes that the group had not yet listed - mediation of
challenge. We talked about that at the end.
(Journal, 4/11/97, lines 34-35)
In order to illustrate intentionality I used an example of group work from the previous
week which I had neglected to mediate during that lesson:

Rachel: For example, why did I have you work in groups at all?
A. few students: Cooperation. I show my way of doing something to a
fnend ...
Rachel: Here I have mediated for you the fact that there are reasons
behind my having you work in groups. I have let you understand that this
was intentional, that I want you to learn something from the very fact that I
had you work in groups.
(Transcript, 5111197, p. 12)

This was an early instance in which the keeping of my journal was to aid me in our
MLE work. Although I would often forget to mediate a particular point, or neglect to
mediate a certain mediation, reflecting quietly on the lesson later on offered me the
opportunity to correct the situation during the following lesson.
In the third lesson on sorting I introduced the Attribute Blocks, geometric shapes that
are sorted by their shape, size and colour. I had the students work out for themselves
what they thought would be in the set.
As usual, I had them guess what was in the box - first taking out a few of
the blocks according to their requests, then asking them to figure out hmv
many there were in all... When we discussed the possible answers to the
question of how many blocks there are, I talked about the fact that the actual
number was an arbitrary decision of the manufactu~er - that t~ey could have
been made up of an additional colour, size, etc. I saId that t~e Important
thing is the children's thinking behind their answers, not theIr ansvvers.
(Journal, 12111197, lines
Then I asked them why I had introduced the Attribute Blocks as I did.

7-~5)
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This pa:t of the lesson was where they gave me reasons for my having done
som~thing that I m~self hadn't thought about. One was that I was re aring
t~e kids for a guessIl!g game; a~other, that t~e kind of thinking ne~de~ to ...
fIgure out wha~ was m the box IS the same kmd of thinking needed to plav
th~ game; that It helped learn about the blocks that we would be working'"
wIth - colour, shape, size.

(Journal, 12111/97, lines 107-111)
The students' comments seem to all have been particularly enlightening _ I myself had
never given enough thought to the many reasons for introducing the blocks in this way.
As may be seen, this was not the first instance in which the students had mediated
meaning in ways that I had not thought of myself. It suggests the richness that can be
obtained when the mediation of meaning is a shared responsibility.

It may be seen that my decision to ask the question 'why" as the main focus of the vvork
in this module encouraged the students' active participation in the attribution of
meaning. As discussed earlier, Feuerstein does not consider this way of mediating
meaning. For him, it is the mediator who is meant to be the one to mediate meaning for
the lemner. As a result of my constructivist view of learning, I wanted my students to
actively build their own understandings. Therefore, I incorporated an additional
strategy for mediating meaning: asking my students to work out for themselves the
reasons behind the things that we did.
In the discussion quoted above I expressed my preference that we mediate using
questions rather than simply comments. There were other instances where I clearly
stated my own opinion as well. Sometimes I felt comfortable doing so; at other times I
did not. Often when I felt passionately about a particular issue I tended to mediate my
own meaning. For instance, my desire that the students realize the importance of
having children think in mathematics classes led to a number of instances where I
mediated my own meaning rather than leaving it up to them. One of these occurred at
the end of the introduction to the Attribute Blocks. This time I chose to specifically
mediate the importance that I attributed to the work with the blocks:
I said that the important thing is the children's thinking behind their answers,
not their answers.
(Journal, 12111197, lines 7-25)
And a second example was a general comment about the course:
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Rac~el: You will see that this lesson is only partially mathematics er se
You 11 see that m~ny of the th~ngs that we do are connected with t~nkin·
fecause. the mC?st Important thmg that we want them to do in mathematic~

ehssonshls to thIn~ - as Opposed to what often happens in those lessons
were t e one thIng they don't do is think.
(Transcript, 5/11197, p. 6)
One of Feuerstein's central reasons for mediating meaning is to establish in the

mediatee the propensity to look for reasons independently in the future. Buchmann
(1986) provides an additional angle by looking at the issue of meaning from a

professional stance. She holds that it is part of the role of the teacher to provide
acceptable reasons for specific curricular decisions and teaching practices.
!he question, then, .is what counts as good reasons in teaching. I argue that
In many teacher actIOns, personal reasons are subordinate to external
standard~ ... Providing acceptable justification requires the existence of a
commumty to both set standards for adequacy and determine a set of lUles
for guidance. The role obligations of teachers as members of such a
community forge bonds that not only ensure compliance but generate effort
and invol vement.
(Buchmann, 1986, p. 529)
It may be seen from the data that, through mediation of my own meaning, I was
attempting to encourage the development of this need on the paI1 of my students. As
Arianne wrote in her lesson summary at the end of the module,
The teacher includes her personal taste in what she says, and even notes
what she particularly likes and the things that she thinks are worth investing
more work in.
(Arianne's summary report, 18111197)

Although my stated goal was to allow my students to mediate their own meaning to the
greatest possible extent, it may be seen from the above examples that I in fact employed
both, possibly slightly contradictory, ways of attributing meaning. In order for the
learning to be both cognitively and emotionally meaningful to the students, in
accordance with a constructivist theory, I did make a somewhat successful effort to
have them be the ones to attribute their own meanings to the issues raised. On the other
hand, both to mediate for them the propensity to look for their own meanings as
suggested by Feuerstein, and to mediate a professional view of mathematics education,
as suggested by Buchmann, I continued in many instances to mediate meaning as I, a
representative of the professional community, saw it.
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EVALUATION OF THE FIRST MODULE
The Students' Work

Because of the short duration of the first model, only three weeks in which I saw each
group only once a week, it was too early to look for significant development and
change in the students' thinking to that point. Some evidence of initial development,
however is apparent in the exchanges quoted above. It is also possible to look at their
participation in the lessons and the ways in which they reacted to them. During the
module I was encouraged by the level of participation in our lessons, and with their
contributions to the discussions we had on different subjects.
Listening to the discussion about sorting on the tape ... it seems that quite a
few people were actively involved, and, thinking back, I have a feeling that
most were interested in what was going on... Somebody brought up the point
that it will help the kids learn to accept opinions of others - I couldn't make
out how it was initially put, but my first reaction was that it's connected with
flexibility, and somebody else picked up on that.
(Journal, 19111197, lines 90-105)

Tammy, as lesson reporter, remarks on the work of one small group:
There's an argument between Hilit and Gail. In my opinion every argument
is an attempt to mediate. Each one is trying to explain her thinking to ~he
other and trying to influence what the group does through her own lOgIC.
That's certainly true in this instance.
(Tammy's report, 12/11/97, p. 5)

Tammy's spontaneous reflection on the meaning of mediation would seem to indicate
that its discussion in our lessons has influenced her thinking and that MLE is beginning
to serve as a tool which she sees as being useful for analyzing a range of human
interactions, not only that between teacher and student.
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My Own Work
Successes

From the point of view of my own teaching, I had set a number of goals to be achieved
during the first module. The first was to increase my ability to use the criteria of MLE
in a conscious and more systematic manner than had been the case until then. The
conscious use of MLE, although originally conceived of as a strategy to improve my
teaching, in fact proved to be a learning process rather than a strategy that could be
"applied" at will. By the end of the first module I was able to see some small successes
as well as some problems that needed to be addressed.
On the side of success I was able to see, through an analysis of classroom incidents,
that I succeeded in incorporating all three criteria of MLE that Feuerstein sees as being
essential to the mediation process. Although the mediation of meaning was the most
visible in my work through explicitly posing the question "why" on numerous
occasions, an analysis of these episodes showed, as suggested by Feuerstein, the ways
in which the question "why" embodies within itself intentionality, reciprocity and
transcendence.
In addition to this regularity in my mediation of meaning, analysis of the above data
indicates that I was able to maintain a reasonable balance between the mediation of my
own meanings and my allowing the students to work out theirs. This was the major
way in which I incorporated a constructi vist approach to the mediation of meaning.
At the time the importance I attributed to this approach stemmed from my concern that
the knowledge gained by my students be robust enough to influence their teaching in the
future. Rephrased in terms of beliefs, it seems that in order for this goal to be achieved
it is necessary for the teaching to be such that it has a profound and lasting effect on
my students' basic beliefs about mathematics and mathematics education.
Influencing belief change has a far greater impact on learning than do direct
modes of presentation or instruction. It can b~ cont~nded that programs. that
do not explicitly deal with student teacher belIefs wIll lead to less lea.mmg
(at least at a reflective, or deep processing level) and consequently WIll not
affect subsequent teaching performance, i.e. the deployme~t of new c?~cepts
in actual teaching in practical settings. It would be appropnate to enVISIon
beliefs as guiding the knowledge construction of student teachers.
(Tillema, 1997, p. 194)
Third, I found that, to some extent at least, I succeeded in using the mediation as a
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way of causing the learning taking place to be situated in the immediate educational
context of the college classroom. By mediating many actual occurrences in our lessons
and drawing out their implications for pedagogical learning, I was able to take
advantage of this unique educational situation where students who are learnin bo about
education take part themselves in an educational context.
In addition to these, I was also beginning to see how the criteria of MLE could be used
to evaluate the quality of my teaching. Although in the interests of space and simplicity
I have demonstrated this in the above analysis by referring to the three essential criteria
of MLE, my reflection was informed by other criteria as well. Together they provided
me with an important tool for a more detailed analysis of many of the events which took
place in our lessons. Although this may not be seen in and of itself as success in my
teaching, it contributed to that success through the reflection that it made possible.
Difficulties
On the problem side, three main issues disturbed me. The first, the other side of the
mediation coin, were the problems I had putting MLE into practice. There were times
when I simply neglected to mediate. One example of that was when I did not at first
mediate the importance of the group work we were doing in our lessons.
About the group work - I just realized that I didn't even try to mediate it.
Group work has become so tak~n for granted. that I never even thought about
pointing out its advantages, asking why I do It.
(Journal, 4111197, lines 41-43)
And the following day:
I noticed that I make an effort to accept all ideas that they put forward, an?
to understand what each of them is saying - as I would war:t the~ t? do WIth
the kids. But I have not yet mediated this: I s?ou~d make thIS exphcIt, and
ask them how they feel about their partiCIpatIOn III the lesson.
(Journal 5/11/97, lines 11-15)
And another:
I see that I make an effort to accept all ideas that they put forward, and ~o
understand what each of them is saying - as I would want ~hem t<? ~o WIth
the kids. But I have not yet mediated this. I s~ou~d make thIS explICIt, and
ask them how they feel about their participatIOn III the lesson.
(Journal 5/11/97, lines 11-15)
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Neglecting to mediate the mediation

There were many times when, although having mediated, I did not mediate the
mediation. There were instances when that occurred as a result of lack of awareness _ in
the stonny waters of teaching my attention was often elsewhere. One instance of this
was:
Listening to ~e tape - I ,had them construct the a-blocks -letting them guess
~hat other pleces.were In the box, and after taking out a few, the number of
pIeces altogether In the box. But I never discussed with them the kind of
mediation I was doing - intentionality & reciprocity, challenge, feeling of
competence, ...
(Journal, 11111197, lines 3-5)
There was one example where I focused on transcendence but was unaware of the fact
at the time, and therefore neglected to mediate. In this instance I had shown them how
the format of the Creature Cards, in which examples and counter-examples of imaginary
concepts are given, could be used to teach mathematical concepts as well:
They seemed to enjoy the first part of the lesson - the Creature Cards - and
liked the idea of using that kind of activity to teach all kinds of concepts,
That, by the way, was definitely transcendence, but again I didn't mediate
the mediation.

(Journal, 18/11, lines 20-22)
But there were other instances where, although I was clearly aware of having mediated,
I did not follow through and mediate the mediation.
When I ask them how many blocks are in the box, they st?P and think for a
second, with the expectation that they should be able to gIve ~e the answer
immediately. I stop them and talk about the fact that the questIOn I have
asked them is a problem, and being a p~'Oblem n~eds to be thought a?out.and
figured out methodically. Again, I mediated the I~ea of a problem ( m thIS
case mediation of regulation and control of behaVIOur) but I neglected to
mediate the mediation.
(Journal, 11111197, lines 41-45)

When Donna expressed her dislike of the sorting games I consciously used her
comment to mediate the situation to the students. This time not only did I not mediate
the mediation, but I also did not notice the fact at the time of writing the journal:
... most mentioned the challenging aspect of it. But one student, Don~a I .
think, didn't enjoy playing it. I don't remember. why now, and couldn t make
it out on the tape, but I used her feelings to remmd them of the fact that not
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every kid will like every activity - that's legitimate, and it would be
necessa~ for.me as a teache~ to find a. different way of having the child
learn thIS subject through a dIfferent kmd of activity.
(Journal, 12111197, lines 95-100)
On analysis it may be seen that in this case I did not mediate the intentionality and
reciprocity present in the situation - "I want you to take notice of what Donna said" - or
the request for reciprocity on their part - "and pay attention to it when you work with
children" - nor the transcendence in that I compared Donna's feelings to those of
children in the classroom.
Possibly because of the difficulty I was experiencing, I was beginning to realize the
central place of mediating the mediation:
That was the main problem with today's lesson - because this is a course in
teaching them to become teachers, the main thing I should be mediating to
them always is the mediation. I wonder whether this inadequate mediation,
whether in quantity or in kind, might not be one of the main factors in the
failure of didactics courses to achieve their goal.
(Journal, 11111/97, lines 41-49)
The mediation of my mediation was the major, most situated way in which to
introduce my students to the ideas of MLE, and to demonstrate the ways in which they
can be put into practice. My difficulty with this strategy dUling this module resulted in
the loss of important learning opportunities for my students.
Additional problems of the first module
There were two additional interconnected problems with which I was struggling during
this first module. These were not specifically connected with the use of MLE, but they
affected that as well. One was the pressure that I felt to cover as much of the early
childhood mathematics material as possible. In order to do this I made a great effort to
complete the material I had planned for each lesson. From as early on as the first
lesson with one of the groups I curtailed one of the activities in order to do so.
When I did the first sorting activity - when I decide on the group ~nd tell
them where to stand - I played only one game with them because tIme was
so short.
(Journal, 29/10/97, lines 23-24)
In my journal I wrote:
I think my main problem in the lessons at this point is the. pressure I fe~l to
cover all the subject matter. It doesn't allow me to deal v,nth problematic
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situations as effectively as I might. Maybe I need to rethink mv curriculum _
I know that tea~hers C?f didactics?f mathematics for the highe; elementary
grades have no mtentIon of covenng all the material that is taught in
elementary school - that's one of the reasons that I like the early childhood
progran~me, that you can more or less get t~rough e.verything they're going
to need m school. But maybe I should consIder cuttmg out a few things, so I
can all.o~ myself to te~ch what I ~~ tea~h better. I know that's going to be
v~ry dIffIcult for me - It ~oesn't fIt m wIth my perfectionist spirit. But it
mIght be necessary, partIcularly now when I have to include all kinds of
extr.as concernil1:g the res~arch,.as wel~ ~s. taking into account my new "iew
of sItuated learmng, and mcludmg actlvitles such as videos and the study of
cases...
(Journal, 12111/97, lines 48-58)
One of the ways that I attempted to 'cover' all the material was through lecturing rather
than allowing for the time it takes to have my students build their own knowledge in a
more active way. This was the second problem: giving up complete control of the
lessons and allowing my students to do more of the work. This was in effect the problem
that my planned second action strategy, implementing an extended application of
constl-uctivist theory in my work, was meant to address.

I had identified my tendency

to lecture too much before beginning my research. Although according to my plan I
meant to focus on this strategy during the second module, my attempt to have the
students be the ones to mediate their own meaning by asking 'why' questions
represented a first step in this direction. I had also made some attempts at planning
more active, group-based work when working on pedagogical issues that I had
previously addressed using a lecture fonnat.
In the second week of the school year, I had already related to this issue. Although I
seemed to feel that the lesson had gone well and that I had not lectured too much, the
problem still concerned me.
I still find myself talking too much in the lesson. Although I do giv.e them
lots of opportunities to talk, and when they volunteer to talk on !helr own, I
always listen to them, and often let them spea~ fully. But sometlmes they ~ay
just a word or two that reminds me o~ somethmg I want to say, and I begm
a long explanation of my own. The th1r:gS I have to say I ~ow are
important, and from the stude~ts' reactIOns I know they fm~ the~
interesting. But the net effect IS that I talk a lot and they talk too lIttle.
(Journal, 5/11/9, lines 43-48)

Two weeks later I identified an opportunity that I could have used to have them do the
work themselves, but from force of habit neglected to do so:
Listening to the discussion about sorting on the tape ... The fact is that I could
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have. a~~ed them ~o expand on the idea - I'm still used to expounding, so the
possIbIlIty of havmg them do so does not yet come automatically. That
clearly would have been the better way to do it
(Journal, 19111197, lines 90-116)
Part of the problematic nature of making the shift becomes clear in my journal entry
after having given a lesson in which I did change my teaching strategy. In this lesson I
introduced Piaget's classification of knowledge in which he divides knowledge into
three categories (Kamii, 1985): physical knowledge, logical-mathematical knmvledge,
and social knowledge. Rather than describe each of the different kinds of knowledge as I
had done in the past, I presented the names of each and asked them, in groups, to try
and figure out what each might be referring to.
I wasn't aware that the use of the word "Physi" in Hebrew \-vould be
problematic - it sounds to them like it has something to do with physical
activity or fitness, and that mixed them up a bit. I realize, though, that gi\'ing
them that kind of activity requires much more knowledge on my partbecause I have to respond to what they say, and feel comfortable with what I
know. It's a question of being prepared for unexpected things. That's what
I've been thinking about regarding subject-matter knowledge, after all. This
is a perfect example - much easier to present a subject, say what I'm prepared
to say, possibly field a few questions, and that's it. In spite of the fact that I
know they often or always can learn better this way, I'm left with a feeling
of dissatisfaction because things were never said succinctly and well - it's
much more diffuse thus way.
(Journal, 18111197, lines 42-33)
Although generally satisfied with the way I had introduced the material, I nonetheless
felt uncomfortable about not being able to deal systematically with the subject matter
and know that I had "covered" it as I might have done in a lecture:
I started the lesson with a discussion of Piaget' s physical, logicomathematical and social knowledge. After introducing the names of the
different kinds, I had them discuss in groups what they thought t~ose names
might mean ... Again I felt the loss of control that comes from lettmg them
figure things out for themselves.
(Journal, 19/11/97, lines 3-7)
In spite of my attempts to let go of the reins and allow the students to take over the
major role in our lessons, I still had a strong predilection to lecture. This situation did
not show signs of changing quickly. The problem would need to be addressed more
intensively in the second module.
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Summary

The importance of my awareness of the use of MLE lay in the fact that it offered three
clear advantages to my teaching: the control that it allowed me to have over the quality
of my teaching, the useful analytical tool that it provided in evaluating my teaching, and
the opportunity it presented of mediating my mediation for my students. Focusing on the
mediation of meaning in this module provided me with an easily applicable strategy, the
use of the question 'whi ' which could introduce my students to many of the central
ideas and issues to be raised in the course of year. The many instances in my journal
where I used the concept of mediation to look critically at my work offered me a fruitful
angle from which to judge it. A large proportion of those journal entries related to my
lack of success in mediating the mediation in those situations where I did successfully
mediate. Although the first module had come to an end, I was far from having
successfully put into practice my first action strategy. That action cycle would have to
continue into the second module, along with the beginning of the implementation of my
second strategy.
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CHAPTER SIX
THE SECOND MODULE - NUMBER SENSE
The subject matter of the second module included the development of basic numerical
understandings and skills many of which, while obvious to adults, are not at all obvious
to young children. As discussed above, the problematic nature of teaching this subject
matter to adults was the stimulus that had led me to embark upon this research project.
In the past I had attempted to teach this material to my students in the same way as I
had done with mathematics material meant for the higher elementary school grades: by
having the students experience the same activities and ways of thinking that children
experience when they learn mathematics in a constructivist classroom
However, I soon realized that a model of mathematics teacher education which
encourages the construction of mathematical knowledge by adult students in the same
way as children, would not be appropriate for much of the material required in an early
childhood curriculum. I needed to find teaching strategies consistent with my
constructivist perspective that would address the content particular to a teacher
education course: the pedagogy associated with mathematics education. This meant
that rather than basing a lecture, or a whole-group discussion, on previous experiential
mathematics activities, the actual work on pedagogy had to become active and
experiential in its own right. The application of MLE theory, which looked at ways to
introduce work to students that would ensure their active participation in the learning
process, was one way in which this could be done. Looking for constructivist-inspired
strategies to relate to pedagogy was another. The latter goal was the focus of this
second module. I first present the data in relation to it, before returning to a
consideration of the MLE as it manifested itself in this module as well.
The overall action strategy that was to be the focus of this module was to teach
pedagogy "constructivistically". The strategies devised for this endeavour can be
divided into three categOlies: 1) allowing students to actively learn what I had
previously taught by lecturing; 2) taking advantage of their written assignments to
encourage the construction of their own understandings; and 3) explicitly working on
the students' development of their own educational principles.
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Teaching Pedagogy "Constructivistically"

The Development of Number Sense - Basic Mathematical Understandin os
t=
The first lesson of the module dealt with basic numerical understandings of children _
their ability to establish one-to-one correspondence between the objects of two groups
(i.e., one plate for each child), their ability to see the relationship between the parts of a
whole and the whole (that a group of 5 children is at the same time a group of 2 girls and
3 boys), their ability to conserve quantities (a set of 8 objects continues to be made up
of the same number of objects, no matter how they are arranged), and their ability to
count and understand that the last number that is counted in a set represents the number
of objects in the whole set.
Although I presented those in lecture form, I used a number of strategies to stimulate
the students to think more actively: I attempted to use an element of surprise regarding
children's unexpected understandings, I demonstrated the points as concretely as I
could, and I warned them that the lesson would be entirely lecture and whole-group
discussion and asked them to consider why I decided to teach it this way.
The creation of disequilibrium
Piaget's (1971) discussion of the development of knowledge, in which the subject
assimilates infonnation into his or her knowledge structures through a process of
equilibration, shows how the individual constructs new knowledge based on these
previously-existing structures.
Learning in terms of experience is theref~re not.due t~ p:es~ure passively
felt by the subject but to the accommodatIOn o~ Its asslmllatlO? schem~s .. A
certain equilibrium between assimilation of obJe~ts to the subJect's actl.vlty,
and the accommodation of this activity to the objects thus forms the pomt of
departure of all knowledge ...
(Piaget, 1971, p. 108)
Flavell, in his treatment of Piaget' s stage-independent theory, asks the question "What
are the general principles by which the subject...changes his state in the course of
development?" He calls this question the "diachronic" (as opposed to "synchronic")
question.
Across a childhood of continuous operations of the functio~a~ invariants,
arise a succession of discontinuous cognitive structures. ~h.lS IS the heart and
essence of cognitive development...The sequence.~f c?gmtlve s:.ructures "
becomes, in this interpretation, a sequence of eqUllIbnum-state moments
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within an ongoing, continuous process of equilibration.
(Ravell, 1963, p. 263)

In the first lesson of the module I brought up a number of conceptions that children
have about number that are different from those assumed to be obvious by adults. One
of these is the conservation of number discussed by Piaget in his work. Another was
children's lack of cardinality, the understanding that the last number said when
counting a group of objects shows the number of objects that there are altogether in the
set (Gelman & Galllistel, 1978). And third was the children's difficulty in seeing
simultaneously the whole and its parts: the understanding that 5 cookies, divided
between two plates, are still the same five cookies (Kamii, 1985).
Having shown the students one test for conservation of quantity, I then asked the
question:
What do adults usually think when children answer their questions
'incorrectly'? - they think that children just don't know the correct answer,
and that they need to be corrected. Butfrom the point o/view o/the children,
they are right. From previous experience children know that generally,
when one row of objects is longer than another, it is because it contains more
objects than the other row. And if adults correct them, it's like pulling the
rug out from under them - the adult is in danger of causing the children to
mistrust their own judgment and to accept uncritically adults'
explanations rather than work out independently their own understandings
and explanations.
(Transcript, 26/11/97, p. 2)
As may be seen, there were a number of surprising points in my explanation, among
them that it may be adults' short-sightedness and lack of understanding that lead them
think that there is no logic in children's answers, and that their tendency to correct the
children's answers may do more harm than good. This point of view had the potential to
make my students think again about assumptions that they previously had no reason to
question.
Cardinality refers to the children's understanding of the counting process. Much to the
surprise of many adults, many small children count without having any understanding of
the reason people generally count - to know how many are in a set. They are not aware
of the fact that the last counting number points to the sum of the set of objects being
counted, and the only reason that many of them perform the counting act is that this is
what they have learned to do when adults asks "how many?".
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In order to demonstrate this point about cardinality, as well as other principles of
counting discussed by Gelman and Gallistel (1978), I had asked the students to observe
carefully while I slowly and deliberately counted a set of objects, and then asked them
to analyze the operation that I had performed. Maureen reported on the lesson:
Rachel counts shells while the students watch.
(She asks) What did I do?
She summarizes the analysis of what she did on the board:
I touched and moved (the objects)
I said the numbers
I counted rhythmically
I used one-to-one correspondence - one number for each shell
Here Rachel shows us actions that she does in order to count. She is
te~ching us the material in a concrete way and summarizing on the board. I
thInk the students understand better this way ...
Rachel gives an examp~e of a c~ld w~o m~kes a mistake in the counting and
asks the students what IS happenmg WIth hIm. (He doesn't know that the last
number counted is the amount of objects altogether). The students cooperate
and are interested in the reason.
(Maureen's report, 25/11, p. 3)
As expected, the students did not figure out the cardinality principle on their own, and I
needed to direct their attention to this aspect of counting. Maureen's report reinforced
my own feeling that I had succeeded in taking advantage of the disequilibrium created
in their understanding of children's counting to involve them in attempting to
understand the reasons behind the phenomenon
The third surprising point was the difficulty that children have in simultaneously seeing
both the parts and the whole (Kamii, 1985). For example, to an adult one ten is
obviously ten ones. To many children this is not at all obvious. This limitation in
children's capacity to deal simultaneously with two different factors at different levels
of generality is extremely difficult for many adults to understand. Sherry, the reporter,
writes:
Rachel says that small children have difficulty seeing ~he parts and the
whole simultaneously. Rachel asks one of the students If she understands the
way children think. The student answers: Understa~d? N? Trying to? Yes.
The student is trying to understand what happens WIth chIldren, how young
children think when they are taught the base-ten system.
(Sherry's report, 26/11/97, p. 3)
Sherry's report reflects the difficulty that at least one student experienced in
understanding the way youngsters think as well as the efforts they were making in order
to do so.
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The mediational quality of the interactions in this lesson mav"' be seen by• referrin Co to
Feuerstein's view of the effects of mediation on all three participants in the interaction
(Feuerstein & Feuerstein, 1991). As referred to in the discussion of intentionality and
reciprocity (Chapter Two), these participants are the mediator, the mediatee, and the
object to be mediated. In this lesson I attempted to present the phenomena discussed
as dramatically and surprisingly as possible. In this way I altered both myself and the
subject matter, thus influencing the students' attention and their attitudes as well. On
analysis it may be seen that in this way I also encouraged them to think critically about
their previous perceptions of children's mathematical understandings and abilities, and
of the teacher's role in their learning, in this way stimulating them to mediate their own
meamng.
Again asking why
The lessons of the first module which had been so different from traditional college
classes seem to have provided the background for a response to the question of why the
lesson had been taught in this format, called "frontal" in Hebrew.
Enid: Because there are some things that you can't explain by ha~ring us tr~
them out. With sorting you could give us a feeling for how Important It
is by having us tryout the activities.
Rachel: And what was it about these things that made that impossible?
Enid: Because we already conserve quantity and know how to count, so we
can't understand what it's like not to know.
(Transcript, 2/12/97, pp.7-8)

Although there seemed to be general understanding regarding my reasons, a few of the
students expressed their clear preference that there be some activity in the lesson as
well. In my journal I reflected on what they had said:
When I asked for their reactions towards last week's frontal lesson, onf of
the students expressed her clear preference (and mine too) th~t the ~\'hf
hour and a half should not be frontal. Although t~ere were ot ers t at e t
em
otherwise who felt that they were active enough III the lesson ~o keep tt
interested' and learning, I now feel that if I know ~hat so much l~ fronta '_ I
should have at least given them some activity whl~h would make th~m teel
the difficulty of learning how to count - like teachmg them t~ cOU~Jdr a d
foreign language, for instance, or getting them to start from t e m1 e wor
of a well known poem.

f

(Journal, 2/12/97, lines 74-80))
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Both the fact that I had felt there was no alternative but to present th'IS matena
, I III
' lecture
fonn, and the fact that in my journal I regretted not having gI'ven th em an act!"Vl ty that

the~ ~ould do as children might, indicate the difficulty I was still having at that point
devIsIng a more consttuctivist-inspired ' active approach to the teac h'mg 0 f pe dagogy.
During the discussion I said, in reaction to their comments ,
It was just too much. So take that into account in your own teaching. If for
y:ou one ~nd a h~lf hours (of frontal lecture) is too much, then for children
!Ifteen mmutes IS too much. ,You have to take your own feelings as a student
m~o ac~ount and make the dIrect connection with the work that you will do
wIth chIldren.

(Transcript, 2/12/97, p.2)
Here I was hoping that my students' experience of my own "failure" and the fact that I
mediated that failure so they would be aware of its shortcomings, would have an effect
on their own teaching in the future. It is possible that the difficulty \\'hich some of them
felt with this fonnat would reinforce their growing understanding of the effectiveness
of learning based on greater activity.
The Development of Number Sense - The Whole and Its Parts
In the following lessons we began to look at number as the whole and its parts. Two of
the most iinportant ways in which children can begin to develop a number sense are
through counting and estimating quantities. After having them take part in an activity
where I flash a set of objects for a second or two and then have them estimate the
amount, I had them work out for themselves the different kinds of thinking and acting
that are involved in counting and estimating:
An interesting point was brought up ... They said that counting is largely
technical, using more social knowledge rather than logico-mathematical,
while estimation uses more logico-mathematical knowledge. It's actually
another way of saying what I had in mind, that estimation ~equires more
thinking, more evaluation of the situ~ti~n than does ~ountmg .. .I brought up
the criterion of mediation called medIatlon of regulatIOn and control of
behaviour - that counting calls for slower, more careful and controlled
behaviour while estimation is a quicker process which does not call for that
much car~ - it sounds like a paradox that the activity that requires more
logical thinking is the one that requires less care and time, and vice versa.
(Journal, 3/12/97, lines 11-19)
The students' understanding of the essence of the two activities seemed to develop from
close attention paid to the essence of estimation which they had just e~perienced, and
to that of the counting we had done the previous lesson. In addition to taking into
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account both of these, the use of Piaget' s classification of knowledge (Kamii, 1985) to
analyze the difference between the two also seemed to show the effectiveness, for at
least one individual, of the activity that we did at the end of the first module. The
connection made between the three activities provided an excellent opportunity for the
class to reflect on the distinction between counting and estimating as understood in
Piaget's categorization of knowledge. Evidence of the success of the three activities
that dealt with these ideas, was seen in at least one student's insightful analysis of the
two operations. In this instance the connection I made between the components of
counting and estimation and a specific cllterion of MLE may have extended this
insight, but the major work was done by the students themselves.
Estimating is one logico-mathematical operation that causes some people to focus on
the parts in order to estimate the total amount. We often look at the more easily
perceivable parts and make conclusions about the whole in accordance with our
perception of them. A similar understanding is necessary in order to compute exact
amounts. Through a series of activities I had the students experience the ways in
which children can be directed to take notice of and remember the various
combinations of numbers that compose the numbers from 1 to 10. For example, if we
take six objects, they can be seen as two objects and another four, one and five, two
and two and two, two times three, or six and zero. The first lesson in this series,
although including two instances of more active work, was for the most part again
run as a whole-class discussion/lecture. This for many of the same reasons as those in
the previous lesson.
I told them rather a lot in this lesson - ... deciding on what the purpose of a
lesson is and working toward that purpose, not wa~ting time and en.ergy on
doing something that has no connection; the m~amngles~ness t~ chIldren of
written computation, how it doesn't usually buIld on. theIr prevIOUS
knowledge; ... and finally on the advantages of choosmg one number to work
on at a time, learning all the different ways to form that number, so they
have a chance of remembering what they have done .. .I also went of~ on a
tangent about teachers that are ~fraid of mixing children u~ - ~ho ~Ill only
use one material to show a partIcular concept, or who won t gIve kids tasks
that are too difficult for fear of having them not understand. That was a
whole additional "lecture".
(Journal, 10112/97, lines 4-24)
My comment "I told them rather a lot in this lesson" once again reflects my discomfort
with this state of affairs. On the other hand, in terms of offering alternative ways of
looking at mathematics education, these lessons seem to have been particularly rich.
Nonetheless, my skill at finding ways to present pedagogical subject matter in a more
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active manner was in the process of developing, and much of the work done in the
second module was beginning to reflect this development. One instance was in the
work that we did on the number stations (Baratta-Lorton, 1995). I wanted the students
to be aware of the many opportunities for mediation that arise in this actiYit)'. Here one
number is decided upon, a different material is placed at each table, and the children
are asked to build various shapes that are all made up of that number of objects. When
the "exhibits" are ready, all the children are invited to a tour of the "museum" and are
asked to think what the different "works of art" remind them of. After this initial tour
of all the exhibits, a second tour is done, but this time the children's creations are
described in terms of numbers: "I see three blocks here and another five blocks here";
"There are four on top and four on the bottom"; "This one is just a row of eight
squares".
The lesson with the first group was structured in the "traditional" way: After having
them take part in the activity I showed them the opportunities for mediation that were
built into it. After reflecting on this lesson in my journal, however, I modified the
lesson for the second group:
This time I wrote the names of the different criteria that I found on the
board and I asked them to think of ways in which each criterion may exhibit
itself. 'That was better than what I had done the previous lesson when I had
just told them what I had seen.
(Journal, 10112197, lines 48-52)
Some of the responses were:
Rachel: How do you see the possibilities for transcendence here?
Nadia: Each one sees the shapes in a different way.
Miri:

I built something (not clear)

Rachel: Good. First of all it' s some~hi~g ~hat ~ b~ilt. - in ~hat way. it'.s ~l~o
'individuation and differentiatIOn. I dId It lIke thIS, she dI~ It lIke
that. And what else is important here? ~hat pe?ple have dIffe,rent
views of things, different ~ays of viewmg thmgs - and the):' r~ all
legitimate. It's possible to lIsten to others. a!ld understand theIr ldeas.
This idea transcends by far the actual actIvIty ....
Now how about the mediation of a feeling of competence? How
could that fit in here?
Nadia: Because here everyone is capable of building something.
Michaela: But if a child doesn't want to? If he feels that he can't build
anything?
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Rachel: That's why it would be important to medl"ate here Th" "tu t" "
" h" h'
. IS Sl a Ion IS
one In w IC It shc:mld be possible for everyone to build someth'
they are pleased WIth.
mg
Nadia: What's important i~ that '" there are materials here that the children
can touch and mampulate. And then they can use their imagination.
Hadar: I'm not here t? judge what they've done. I'm only looking at what
the shape remmds me of.
Rachel: Ev.erybody's looking at what they did, they are interested in it, so the
chIl~r~n feel good ~bout what they did. Also regarding the
l1?edIatlOn of ~ f~elmg of competence - there are children whose left
~lde o~ the bram IS more developed and there are children whose
TI.ght sIde o~ ~h.e brain is more developed ... I include in the activity
dIfferent abIlItIes - you don't have to be a particular kind of person
to succeed in this.
Miri: You provide everyone with an equal starting point.
Michaela: Especially with little children because it is something that they do
all the time.
Rachel: Regulation and control of behaviour - how could that come in?
Nadia: I build something with the material - myself, on my own - and then I
wait patiently to see what the other children see in what I've done.
(Transcript, 10/12/97, pp. 3-6)
From the transcript it may be seen that, in spite of my feeling that I was taking a too
active part in the exchange, a number of important points were brought up by the
students: the feeling of all children that they are capable of doing the work that is asked
of them, the fact that each child sees the same thing in different ways and the legitimacy
given to this, and the patience and willingness to hear what others have to say about
their work.
The Development of Number Sense - Games
After the work on these number activities we began to look at the subject of games,
the second component of the number sense module. The subject of games was one that I
had been thinking about quite a lot. I had begun to \\lork out for myself the
characteristics of what I considered particularly good games - those that not only
give children multiple opportunities to engage in numerical computation, but have
additional attributes to recommend them, such as the need to think mathematically,
logically andlor strategically, the need to cooperate with others, and the need to discuss
and verbalize their thinking. I was interested in helping my students develop a critical
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view of games, analyzing their advantages and disadvantages and making well-informed
judgments about which games to introduce to their pupils. I wanted to encourage them
to consider the potential inherent in different games and to become aware of the \\·ays
they might mediate in order to take best advantage of them. When I first encountered
difficulty in generating the kind of critical approach to games that I had hoped for. I
initiated an action research cycle which allowed me to reflect on the problems I
identified, to plan and implement action strategies, and to observe and evaluate their
effects. Although this work was done with both of my classes, as was generally the case,
there seem to have been much more encouraging results with the Wednesday class than
there were with the Tuesday group. It is possible that part of the reason for this was
that, this being a short action research cycle, the second class of the week had the
advantage of teaching that was informed by my experience of the day before. In
addition, at that point in the year I was generally expeliencing difficulty with the
Tuesday group.
Lord help us! 1'm afraid the lessons with this group are getting worse and
worse, for whatever reason. It might be because of the time that has been
wasted because of [those that had been opposed to the research]. Or it might
be because of the reception that my suggestions get - not full of enthusiasm
from the students - lots from the in-service teachers, at least until now.
(Journal, 23/12/97, lines 3-7)
When I first introduced the subject I gave them a few games to play, and then asked
them to consider the advantages and disadvantages of each one. Some of the students'
comments were: "For children this game will be really good. It teaches addition with the
help of dice, and in an enjoyable way.", "The game looks boring to me.", "There is
always someone who loses.". And for another game: "In my opinion it will be difficult
for the kids. But it's a nice game.", "It's a really irritating game." And a third game:
"It's a nice game but the children I work with won't like it." "It is on a high level and
necessitates a lot of thinking and time. It might go very slowly." "It would be better to
start with fewer pieces in order to focus their thinking." Some of these responses were
well-thought-out, while others were overly general and purely instinctive.
A few times some of the students mentioned how boring or irritat.ing some of
the games were. That made me realize that I should ha~e emphasIzed, before
we started playing, that these games were ~eant for chIld~en, not plan!led
with adult students in mind. Not that theIr comments mIght not be nght, of
course ...
(Journal, 10/12/97, lines 103-106)
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I decided to have them playa number of games which did not have any of the attributes
that I considered as being important.
I originally had tho~ght~ of giving th,em some dry fact-practice games to
playas well, and thIS reInforces that Idea. If ~ want, them to come up vyith the
advantages of th~ good games, the best way IS to gIve them somethin2 to
compare them wIth, rather than, again, trying to tell them about what;-s better
and why.
(Journal, 10/12/97, lines 103-119)
At the same time I clarified the goal of these lessons on games, mediating my belief that
as teachers they need to learn to be aware of and understand the reasons they have for
introducing any particular game.
I told them about what my goal is regarding the games - that I want them to
get to the point that they're able to decide what principles of good games are
il1l:po~ant, and to be able to design and judge games according to those
pnncipies. There seemed to be general agreement and understanding of the
importance of that idea - that, in spite of Liron' s comment earlier on that
every game is good - if children enjoy a game they will learn from it. I told
them I was telling them this in response to the feedback I had gotten from
them re their wanting to know what the point is of what we're doing, One
thing that I do think that came out of this lesson is the extent to which I take
them into account in planning my lessons, and the extent to which I really
learn from them and from their comments. This really is a good model for
them - I wonder if it will have any effect on the way they are with their
children in their classes to be.
(Journal, 16/12/97, lines 44-54)
In this instance I felt that my intentionality had been reciprocated by the students. In my
comments to them I showed that I, too, had reciprocated by taking their feedback into
account. Also, in the following excerpt, I referred again to feedback I had received from
them which prompted me to suggest a different way of playing one of the games, and
took advantage of the situation to remind them once again of the importance of asking
why:

Rachel is explaining to the group how to play the games. She no~es that she
modified the game in accordance with the feedback she had receIved from
,
.
one of the other groups.
She says: While you are playing, pay attention to why we are playlllg thIS
game in the first place.
(Ronnie's report, 16/12197, pp. 1-2)

The use of comparison between "good" games and less-worthwhile ones, as well as my
use of MLE, seem to have had some effect, and work done in some of the small groups
in the Wednesday group proved to be at a very high level. One example of this led to
an important mathematical discussion:
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Some interesting things came out of this group work, although maybe half
ofhthe groups needed my help to g.et g?ing ... They brought up the q~estion of
w a~ I mean by part/whole,to beglI~ Wlt~ (my first reaction, obviouslv, \\'as
to ~hlnk oh, no, they haven t been IIstemng - but when the discussion~ got
gOIng there they raIsed some yery b~sic and important issues which I had
never t~ought of - ma~be I thl.nk I give them credit but I don't give them
eno~gh.) ....The most. mterestu:g. thing that came out of the discussion was
the Idea of the nece~slty of defmmg each time what the whole is and what
the parts are. There IS a tendency to think, ~s did one group in this lesson,
t~at the. parts are changeable but the whole IS permanent. But in the
d~scusslon we saw that the whole can become part of another whole. We
dIsc~ssed the problem of kids becoming stuck on particular ways of looking
.
at thmgs.
(Journal, 17112/97, lines 41-55)

This excerpt shows both the level of the group discussion as well as my continuing
doubt that the group work can actually be at a level high enough to "replace" the
things I would tell them if I felt that to be an effective strategy.
In my journal entry regarding the following Tuesday class, I wrote:
I still am not pleased with their handling of the conclusions that thev come to
after having played the games.
"'
(Journal, 23112/97, lines 24-25)
Therefore, in another attempt to improve the level of the discussion in the group the
following day, I wrote up specific instructions (see Appendix F) for the small groups to
refer to after playing the games:
Try and relate to the games from three points of view:
l)What mathematical subject matter do they deal with? What is your opinion
of the way this subject matter is presented in each spe~ific game?
.
2)What educational and social values (not mathematIcal) are conveyed In
the games you played?
3)What makes a game good? - from the point of vie\~ of con~ent are~, from
the point of view of social interaction, from the emotIOnal pomt of Vle\v?
For the purposes of this discussion you can take into account the games t~at
you felt were most noteworthy and attempt to a~alyze the reasons for their
success. It is also possible to look at the less satIsfactory games and try and
understand why they are the way they are.
(Lesson Plan, 24/12/97)
It was too late, unfortunately, to use this additional strategy with the Tuesday group.

Looking at the work done with the Wednesday class, however, three action strategies
that I developed during the cycle can be seen: mediating the focus of the \\'ork they
were doing on games, comparing the attributes of dry practice games to those of games
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that demanded thinking, and writing specific instructions to focus their thinking, Each
seems to have had some effect on the students' work , and at the e n d 0 f the tree
h '- weeks
the responses of the students indicate that progress had been made. This is shown by
two examples from the group that was observed by the student reporter:
The Coconut Tree:
an excellent ga~e. Mathematically challenging in the computation and the
number bonds It works on ...
The me~sage is: "The .more money you have the better and more successful
y<?u are . ,We are ambIvalent about that. It's a fact of life not to be satisfied
WIth too httle.
The game teaches t~em to pay attention a.nd t,o use their better judgment _
each player plans his own route. The tradmg IS useful in life.
The Rainbow Game
It uses a different kind of thinking than usual. You have to get to the end
slowly as ~pposed to the ,other games. It is aesthetic, and it is very enjoyable.
The gam~ IS calmer and IS not ,dep~nde~t on too much previous knowledge.
You don t get too upset by losmg, m spIte of the fact that it is somewhat
challenging ...
(Dekel's report, 24112/97, pp. 1-2)
In addition to these, some points mentioned in the whole class discussion seemed to
reflect the process the students had undergone. They also show a greater focus that
may have been engendered by these final written instructions, They concluded that
good games give the children a feeling of competence which results when they can
direct what happens in the game; that they deal with important mathematical ideas
(such as exchanging ones for fives or tens, or seeing the connection between addition
and subtraction); that they encourage cooperation and discussion; that they make it
necessary to think; that they encourage flexible thinking; and that they are challenging,
Regarding less successful games they noted that they are too competitive; that they put
too much pressure on the children; and that too much depends on luck.
The emphasis in these remarks on thinking, on cooperation and on challenge may
indicate progress when compared to some of the earlier comments that had been
recorded in this group, that the games were boring, irritating, enjoyable, too difficult, or
not fun. As mentioned, similar progress was not observable in the Tuesday group.

Assignnlents
My goal in giving the students homework assignments was two-fold: to provide them
with learning opportunities, and to assess their understanding so that I could plan my
teaching in accordance with their needs. In the past, the way in which I tried to further
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their learning was by writing long and detailed feedback on thelr
' wor,
k Th'IS year
- ,
however, because of my emphasis on having them construct their own knowledoe
mv)
C'
comments were much more limited, and were generally phrased as questions, When I
' more
felt that a student could potentially have benefited from the act'IVI'ty b Y re f1 ectmg
deeply, I returned the assignment for correction.

I s~rted off talking to them about how I want them to report their various
asslgn~ents - ,that I d?n't,want a description of the content, but rather
reflectIon, whIle consldenng the main issues that I asked them to look at
when I ~ave them the as~i~nment. In both classes today there was
unhappmess about my gIVlr:g ,them b,ac~ w,ork for correction, I managed to
stand my ground by appreclatmg theIr dIffIculty (in terms of the amount of
other work ~hey have to do) and by emphasizing that the point of what I gi\'e
them to do IS learn - b?, puttin~ out)~st ~ little more effort they can learn
much m<?re. I m wond~nng now If thIS Isn t connected to my belief in them
as changmg human bemgs - that I don't just give them marks and decide that
they are more or less succes,sful but I believe that by putting out a bit more
t~ey are al~ capable of,le~mmg and changing. This is probably a lot of
differ~nt kinds of medIatIOn ~ certainly intentionality and reciprocity,
meamng, transcendence, feelmg of competence, regulation and control of
behaviour, mediatio~ of goal seeking, goal setting and goal achieving,
challenge ... Wow! DId I ever do the right thing this time!

;0

(Journal, 17/12/97, lines 13-28)

My attitude towards their assignments, which saw them as a further learning
opportunity, was at odds with the students' beliefs that they were used as a way to
evaluate their performance in order to assign them marks. In spite of the fact that we
decided that this course would be self-marked, with each student giving herself a mark
I would accept if I felt it was within the bounds of reason, and in spite of the fact that I
did not give any marks at all to individual assignments, it was necessary for me to
further mediate the meaning I attributed to the assignments: that they were meant as a
way to learn, not as a tool to be used to assign marks. I felt that this modeling of good
educational practice was crucial if I hoped to achieve one of my goals regarding their
future practice - that they refrain from assigning marks to young children's work in
mathematics. The belief that mathematics is a subject for which marks can be assigned
objectively by simply counting the number of mistakes, that this practice actually
reflects children's mathematical knowledge, and that it is one that can encourage
children to invest more energy in their mathematics learning, were all beliefs that
needed to addressed. One of the ways that I did so was through modeling a different way
of looking at their assignments, and by encouraging them to consider alternati\'e
reasons for having learners carry out assigned tasks.
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Principles

The importance of having my students develop the habit of asking why lay in the
potential that attitude has for encouraging mindful action - their reasons for deciding
to teach in a certain way, and to choose particular kinds of activities as opposed to
others, needed to centre more on pedagogical considerations and less on convention ,
convenience, or on behaviourally observable content goals. It was not enough for me to
expose them to useful curriculum ideas - they needed to understand for themseh'es the
principles that lay behind them.
With~)Ut ~dher~nce

to first principles, surface procedures tend to be adapted
and ntuahzed In such a way that they cease to serve the "thinkin o " function
they were originally designed to foster.
b
(Brown & Campione in Franke et aI., 1998, p. 68)
In accordance with my desire that they take an active part in the mediation of the
meaning of the new approach to mathematics education that they were being introduced
to, therefore, after an initial period in which, as described, I frequently explicitly
encouraged my students to begin asking why, while at the same time explicitly
mediating the principles on which I based my own teaching, I provided them the
opportunity, at intervals spaced out during the course of the year, to consider and
express those principles that they considered important to them.
In the activity done on the development of principles during the second module, I had
the students, working in small groups, discuss those principles that they felt were of
primary importance for them.
As a teacher, I have principles according to which I want t? a~t. My g,oal is
to get to the point where you will be aware.of your own pnn~lples, pnnclples
on which you want to base your own teachmg. That way.yo~ 11 be able to try
to match your teaching as closely as possible to your pnnclples - so that
you can do what you want to do.
(Dahlia's report, 2/12/98, p. 6)
After initially having them discuss possible principles in small groups, I asked them to
then choose and rate, in order of importance, those principles that they felt were
essential to put into practice if they were to feel comfortable about the work they were
doing with children. These they were to write in their notebooks and save to compare
with activities of the same kind which were planned for later on in the year. This was the
first time they were asked to consider and express their general belief systems
regarding mathematics education. It was intended to emphasize a number of points: first,
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the importance and legitimacy given to the individual in deciding on those principles
that are important to her; second, the necessity of prioritizing which to attend to and
put into practice first; third, to bring to their awareness that although we may ha\'e
principles we do not and cannot always put them into practice; and finally, the
importance of making an effort to put them into practice nonetheless.
From an analysis of the lists of principles developed by the groups, it may be seen that
the great majority of them, more than 50%, refelTed to the structure of the lessons.
Some of these reflected often-discussed issues that come up in our lessons, such as
"free play with materials" "discussion - whole group, small group, and summary", and
"lessons using games", and some reflected concerns with which they had entered the
course to begin with, such as , "no more than five children in a group", "planning the
an10unt of time for a task".
Approximately 20% had to do with criteria for worthwhile activities - "division of the
children into groups after consideration of and in accordance with the task", "directing
thinking by asking questions", "using games as a teaching tool", and "making sure the
children are involved in the lesson". All of these criteria were ones that had been
emphasized in our lessons during the course of the year.
About 25% considered pedagogical issues - "the development of thinking", "to let
them feel the materials and gain experience with them", "to expose the children to a
variety of activities", "flexibility on the part of the children", "allow children to develop
their thinking and imagination". All of these considerations were ones that had been
discussed in our classes. There was one additional consideration, however, "positive
feedback", that I had actually attempted to have them think more critically about, but
was not reflected here.

Summary
In this module I put the emphasis on my attempts to teach pedagogy in a way that
would encourage my students to be actively involved in the construction of their O\\n
pedagogical understandings. The emphasis here was on knowledge, the pedagogical
content knowledge that Shulman (1987) refers to. After having made explicit their
original intuitive beliefs through the mediation of meaning at the beginning of the year,
and having provided the stimuli necessary for them to question and critically examine
their existing beliefs, the emphasis on knowledge at this point of the year hopefully
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allowed them to base their new developing beliefs more solidly. In addition to this,
similarly to the way in which I had dealt with the mediation of meaning in the first
module, the fact that they were actively developing their own knowledge, rather than
being spoon-fed mine, meant that the process was their own, that they had a stake in
their developing knowledge, and that these ideas might eventually be incorporated into
their own personal belief systems. The activity in which they discussed educational
principles was a way in which they could verbalize their developing ideas and consider
their relative importance in their own eyes.
Of the different strategies that I employed, my attempts to playa less central role in our
lessons, while possibly being the most fundamental, seemed at that point to be the most
difficult to put into practice. While students' reactions and comments made me feel that
my attempts were somewhat successful, I was repeatedly dissatisfied with the extent
to which I talked and the extent to which I facilitated the students' active role in their
own leaIning. The difficulties that I experienced in changing the way I had previously
presented the pedagogical content of our lessons were many, and I needed to continue
my development in this direction so that my teaching would resemble more closely
the theoretical principles which I felt should guide my work.
MLE in the Second Module

My Own Mediating
The data for this module show that I was mediating quite consistently throughout.
During my interactive teaching, however, much of the mediation was largely
unconscious. In most instances, therefore, I did not mediate the mediation. The
time-ordered event listing of the eleven lessons in this module shows that I only
explicitly referred to mediation in four of them. One possible explanation for this
failure to mediate consciously is that, as I mentioned above, the use of MLE as a
teaching strategy is an ability that must be developed over time - intentions are
necessary but not sufficient, and, as in any learning process, enough time must be
allowed to develop the ability before it becomes a natural part of one's practice. An
additional explanation that is connected with this is the turning of my attention to the
implementation of constructivist theory. It seems that it was extremely difficult for me
to keep my attention on these two impOltant aspects of my teaching simultaneously, and
that my decision to put constructivist teaching in the forefront necessarily came at the
expense of the use of MLE.
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In spite of this, however, there is one striking point that emerges from the data, and that
is the way in which mediation often augmented the effectiveness of teaching strategies I
had devised to increase the constructivist nature of the teaching of pedagogy. In the
work on the number stations, when I had the students actively find the ways in which it
would be possible to mediate, my role in the discussion was to medl·ate , wh en necessarv,
the ways in which their insights actually reflected the parameters that we were
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discussing. In our lessons on games, the lesson structure which was intended to
encourage the students' construction of their own knowledge needed to be augmented
by effective mediation on my part. At first I tried to focus their thinking by pointing out
the reasons that I had them take part in the activity, and later I felt it necessary to
further mediate by preparing specific guidelines regarding the focus of the group work
they did.

This finding, which on second thought seems obvious in that that would seem to be the
whole point of mediation, was originally only vaguely apparent to me. Intuitively I had
felt that all three of my wider strategies - using MLE, teaching "constnlctivistically",
and situating the students' learning - were intimately connected one with the other. But
an analysis of the work done in this module clearly shows the way in which this could
be seen in my work.
My Teaching of MLE
M plan in this module was to begin to introduce the students to additional parameters of
Mediated Learning Experience, those that are often present in various mediated
interactions but are not prerequisite to the existence of MLE as defined by Feuerstein
(Feuerstein & Feuerstein, 1991). The number stations activity provided opportunities to
work on many of these. In both of these lessons the analysis of the activity in terms of
MLE was planned into the lesson ahead of time. In the extent to which I worked
according to plan, this mediation was done consciously and therefore could be and was
mediated as well. The work on games was not planned in a similar manner. The result
was that although my interactions with the students had a decidedly mediational
character ("Think while you are playing the games what they are good for", "What
educational and social values are conveyed in the games you played?"), I did not
explicitly refer to these as instances of mediation. Mediating my own mediation was the
most situated and meaningful way that I could aid my students' growing understanding
of the different parameters of MLE. The difficulty that I had in doing so resulted in the
loss of many opportunities for learning. It would seem that at this stage, in order to
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successfully both use and refer to MLE, incorporating it into the lesson plan was
essential.

MLE as an Analytical Tool

It would seem that my most successful use of MLE at this stage of the year was the use I

made of it in order to analyze my teaching in the writing of my reflections, and in
planning subsequent lessons. In reflecting on an instance where I reminded the students
of work we had done on another subject, I wrote:
This is ~ome sort of tra?scendence.' I would imagine - always making
connectIOns between dIfferent subjects or different points of view.
(Journal, 23/12/97, lines 108-110)
And as reported above, when I looked at the ramifications of my decision to have the
students correct their assignments, I used MLE to do so. Having done so, I gave myself
high marks for my decision:
Wowl Did I ever do the right thing this time!
(Journal, 17/12/97, line 28)
These quotes show how the MLE parameters not only helped me to analyze the
occurrences in the lessons, but also allowed me to gradually deepen my understanding
of the critelia themselves.
EV ALUATION OF THE SECOND MODULE

The Students' Work
Towards the end of the module, some progress was beginning to be evident. Particularly
in the series of lessons on games, there was a significant difference in the quality of
some of the groups' analyses after I had taken care to provide them with situations
which would facilitate their thinking and to mediate my expectations regarding the
focus of their thinking. Here some of the students' comments showed more awareness of
the educational purposes behind the work, and deeper understanding of the ways these
goals can be achieved. In addition to this, there is evidence in many of the educational
principles they had delineated of the influence our discussions had on their thinking.
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The Video Lesson

The extent of the progress, however, became more clear during the second lesson of
the third module. In that lesson, in which I showed videos of problem-solving lessons,
many of the students began to express beliefs and attitudes which reflected the
discussions we had had during the year.
At fir.st I gave t~e!ll feedback on their assignments. (We talked about) the
qu~stlOn of de~Imng those goals - for instance, there were those that wrote
theI~ go~IIn domg sortin~ with the kids is that they should know what
sortmg IS. I got them to gIve me some of the reasons that vve want kids to
sort - and they cal'n:e up with quite a number of good ones. This has been one
of my strategIes thIS year - to get them to figure out what they should be
looking for rather than tell them what it is. This is the first lesson where 1've
felt th.at I've actually managed to do that quite effectively. Thinking about it
now, It could well be because this is not the first time they have thought
about those things. Everything we talked about today was somewhat of a
review of things already discussed. Which makes me think that now, after
they have already gained some experience and have already thought about
many important principles, the going might be much easier. I possibly will
feel more comfortable now about giving up the reins of the lessons, and
allowing them to get to the important things I have to say (sicl) on their own.
(Journal, 20/1/98, lines 3-17)
The following day I wrote:
Two nice lessons today. In both of them we had good debates on important
issues. Maybe I'm deluding myself, but I seem to have heard arguments in
both classes that showed real consideration of important principles. Not so
much of the old taken-for-granted stuff.
(Journal. 2111198, lines 3-5)

When I refer to both classes here, I am referring to both Wednesday classes, only one of
which was part of the research. However, the same may be said for the Tuesday class as
well. The beliefs and understandings of the students were in no way monolithic, with
many of the students still expressing doubt about the possibility of putting into practice
many of the ideas that had been discussed. What had changed, however, is that it was
usually the students, not myself, who responded to students who expressed skepticism
or beliefs that differed from the nom1S that were being developed. In the discussion on
sorting one student suggested limiting the sets to be sorted so there would not be too
many possible ways of sorting. There was much opposition to that suggestion:
Others talked in favour of the richness - I felt the effects of th~ n:~ny times I
had discussed the problem of trying not to "mix ~ds up" by hmIt1~g the
richness of the mathematical activities ... Then TzIla raIsed the sO~IaI aspect
of the activity - that the kids are listening to each other, and heanng each
other's ideas. Donna related again to the question of whether there \\'as too
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much stimulation, intimating that the world is like that and kids alwa)'s deal
with that.
(Journal, 2111/98, lines 21-32)
This lesson, which I saw as a watershed lesson, will be discussed in greater depth in the
following chapter.
The Third Questionnaire

Two weeks after the end of the second module I gave the students a third questionnaire
(see Appendix D) in which I asked for feedback on the first semester. It \vas completed
by 26 full-time students, 16 in one group and 10 in the second. The two questions
which related to the students' learning until then were, unfortunately, phrased in such a
way that answers to the two could be appropriate to either one of them: "What is the
most important thing that you have learned since the beginning of the year?" and "Haye
you changed your opinion about different subjects since the beginning of the year, and if
so, what was the most significant change?" Because of this similarity between the two
questions, I will report on the responses of both of them together.
These questions offered the students the possibility of listing as many points as they
chose. The percentages, therefore, refer to the percentage of students that brought up
points relating to each of the particular categories. From the large range of different
responses, four general categories could be identified, which represented the largest
number of responses. 23% of the students related in some way to the fear of
mathematics - "It is possible to teach without causing them to fear the subject", "I found
out that mathematics is not something that needs to be feared", etc. 35% of the students
mentioned the possibility of teaching mathematics in a wide variety of ways. Just under
20% mentioned the fact that children can think independently and should be allowed to
do so, and 23% talked about basing teaching on the child's prior knowledge. It may be
seen that the comments of the students reflect the constructivist spirit behind our lessons
and the awareness that mathematics can be taught very differently from the way they
were taught as children, using a variety of materials and approaches, which will help
children feel more comfortable engaging with the subject.
The discussion reported above, and the responses to the questionnaire, would seem to
indicate the fOImation among the students in both sections of the course of a normative
understanding of the essence of mathematics education based on a constructi vist view
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of mathematics learning. They were beginning to use the language of constructivism,
thereby possibly constructing its ideas for themselves. Mead's (1934) understanding of
language may be reflected in this process.
Symbolizatio? constitutes objects not constituted before, objects which
would ~ot ~XISt except for the context of social relationships wherein
sYr:nbohz~t1o~ occurs. Language does not simply symbolize a situation or
object WhICh IS alre~dy t?ere in a~vance; it makes possible the existence or
appearance of ~hat ~ltuatIOn ?r o~Ject, for it is a part of the mechanism
whereby that sltu~t1~n ,or object IS created. The social process relates the
responses ?f one mdlVldu,al to the gestures of another, as the meanings of the
latt~r, a~d IS, thus r~sponslble f~r the rise and existence of new objects in the
SOCIal sItuatIOn, objects dependmg upon or constituted by these meanings.
(Mead, 1934,p. 78)
This development was to affect the way in which I was to conceptualize and
operationalize the rest of the course, in that it provided me with the confidence to
loosen my hold on our lessons and allow them to take the lead in a growing number of
situations in our classes.
On the other hand, from remarks made by a number of students in feedback given
anonymously immediately at the end of the second module, some of the students felt
that they still had not been able to figure out exactly what it was that I was trying to do
with them.
It's a nice idea, this different way of learning, learning that is more
profound. But it is difficult to put this idea into prac,tice because it is hard for
us to change our schemas of learning that we have m,our heads ab?ut the
subject of mathematics. For years we have been learnmg the mater~al and
practising it by solving exercises in order to understand or to learn 1t by
heart.
Another student wrote:
The approach is not yet so clear to me, although I understand its importance,
And a third wrote:
This is the place for you to introduce and clarify first of all what the goals
are of the course, what we are doing here, what you I?ean to teach us and
what you mean to offer us so that w,e can help ,the chIldren. The lack of the
express presentation of your goals m my opmlOn mars the orderly progress
of the lessons.
This last comment was particularly surprising in light of the great effort I felt I had
made to mediate the meaning of the course both dUling the first module and continuing
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into the second. The feelings of this student, as well as the comments regarding their
difficulty in understanding the point of the course, may have been to some extent a
result of my attempts to have the students mediate their own meaning rather than
coming out straight and telling them how I see things - although from my point of view
I was still doing too much of just that. On the other hand it may have reflected the
difficulty that people have in changing long-held, well-rooted beliefs.

My Own Work
During this module I seem to have made quite a bit of progress in regard to my efforts
to develop curriculUlTI activities which allowed more active participation on the part of
the students. Insofar as these attempts were manifest in my lesson plans, when I could
reflect calmly on my goals and on conclusions and hypotheses that I had arrived at from
previous lessons, this was a strategy that was easy to put into practice. Effecting
change in the nature of my interactions with the students, however, was a different
matter. The problem of my talking too much necessitated the creation of further
strategies to facilitate the change of long-standing habits of interaction. Help was also
to be had from the students themselves. Regarding one of our discussions in which I
had tried to playa more central part, I wrote:
It's interesting in these discussions that they really don't want me to butt in.
I have a tendency to try, but they often don't let me. Today I was more
successful in my attempts to control myself...
(Journal, 21/1/98, lines 38-40)
A similar conclusion may be arrived at regarding my use of MLE. When I planned
ahead of time to have the students relate to the mediational opportunities in the number
stations activity, I better mediated both the actual activity and the mediation.
Regarding my success in mediating modes of mediation that arose spontaneously in
the lessons, I was far less successful. Two possible reasons for this may have been the
extent to which I was overloaded regarding the focus of my research - rather than trying
to put one action strategy into practice, I now had two that were demanding my
attention. During this module, as I looked at the constructivist nature of my teaching,
MLE necessarily took a back seat. Another reason, as I suggested regarding the first
module, was that I needed to allow more time to learn to use MLE in such a way that it
would become part of my teaching repertoire, rather than a strategy that needed to be
consciously considered in order for it to take place.
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CHAPTER SEVEN
THE THIRD MODULE - PROBLEM-SOLVING
The third module focused mainly on problem solving. In this module I attempted to
take better advantage of context in my teaching. My growing understanding of the
importance of classroom norms in effecting change in students' beliefs regarding
mathematics education lent this element of our lessons particular importance.
During the first two modules the social constructivist theoretical framework of my
research had already raised my level of awareness regarding opportunities to situate
students' learning. I began to value one component of my lessons with which
previously I had sometimes felt uncomfortable - my students' stories from the field.
Although I naturally appreciated the fact that students told these stories I had always
,
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worried that they were taking up precious lesson time. Now my concern with
situating the students' learning caused me to understand the importance of this aspect
of our lessons, to accept it as an important, if not crucial, component, and to
consciously take advantage of it. .

Analysis of the data from the first two modules led me to identify two additional
components of my teaching, both connected with my attempts at mediating for my
students, which contributed to its situated nature. One was the mediation of the MLE
that I did in the lesson, and the other was the use of situations in our lessons to point
out important pedagogical points. Also, similar to the connections between the subject
matter and the major action strategy of the first two modules, there was a parallel
between the subject matter of this module, children's mathematical problem solving
based on real-life situations, and the necessity of situating my students' pedagogical
learning in real every day classroom situations. In this module, I intended to take
greater advantage of all those elements of situated learning.
There was an additional action strategy that I decided to incorporate at this point as
well. By the time we embarked upon this module, which spanned the end of the first
semester and most of the second, I felt that the students were beginning to both grasp
the general idea of a constructivist approach to mathematics education and to use its
vocabulary. In addition, they were beginning to analyze various situations in tenns of
many of the principles that had been discussed during the first part of the year. This
development, building on my understanding of the importance of context and social
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interaction

III

the learning process, along with the dissatisfaction I was feeling With my

overly-dominant role in our lessons, led me to try and hand over the reins to the
students to a greater extent than I had done until then. The difficulty I was experiencing
in doing so, however, which came about partly as a result of habit and partly from my
continuing feeling that there were still things that it was important for me to tell them,
led me to devise a strategy whereby I would separate the time set aside for the students'
contributions from the sections of the lessons in which I was to present matenal in a
more lecture-like fashion.
In this module the students themselves solved problems and explained their "olutie:-. '.
viewed videos showing children solving problems, and discussed typical solution
strategies of children at different levels. We then moved on to work on the grammati

r
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structure of problems, first analyzing the structure of the questions and then lookiEg for
reasons behind the relative difficulty of different kinds. Finally we began to look at
ways in which mathematical subject matter can be introduced through problem-solyir:t
situations, specifically dealing with the subjects of pattern and multiplication and
division. The subject of the base-ten system, although not approached using a problemsolving fOIDlat, was included at the end of the module because of its connection with
multiplication and division.
Situating the Learning

The time-ordered event listing of the third module shows that there was both wider and
more conscious use of strategies to situate the students' learning. I continued to take
advantage of situations that came up within the context of the lessons. I allowed more
time to tell stories from the field, both my own and those of the students, I made use
of videotapes of problem-solving lessons to allow my students to get a better sense of
these lessons, and had group discussions about lessons that were planned together and
carried out by each student in her field placement. The discussions that we had after
viewing the video-tapes, as mentioned earlier, seemed to represent a turning point in
the level of the students' understanding, and will be discussed in greater depth.
Taking Advantage of the Classroom Context
The first lessons of the module dealt with the subject of autonomous problem-solvingwhen given a problem without being instructed in a particular solution procedure,
children will come up with a wide variety of solution strategies for the same problem
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(Carpenter & Fennema, 1992~ Hiebert et aI., 1997; Franke et aI., 1998). I posed a
number of problems to the students at their own level, and had them present their
solution strategies to the rest of the class.
My im~ression of the lesson is that it was different from the lessons we've
had untIl now. I felt that ther~ was a kind of awakening because the
character of the lesson was dIfferent than previous ones in my opinion.
When ~achel ga~e ~s the problem ..:the students started working
energetIcally: I dIdn t see anybody Idle. The opposite was the case _
everybody tned to solv.e the proble~, they consulted with each other, they
coop~rated and they tned to deal WIth the problems and the different
solutlons ... They were all so concentrated and so excited about sohing the
problem, and also about presenting their solutions to the rest of the class.
(DOIit's summary journal, 13/1198)
Having the students participate in mathematical activity, the way in which constructi"ist
theory has "traditionally" been put into practice in constructivist-inspired mathematics
teacher education, is effective in two important ways: the students have the opportunity
to experience the kind of mathematics learning that a social constructivist approach can
offer children; and, simultaneously, they have the opportunity to observe the teacher
educator's practice. This may be used as a role model for their own practice in the
future.
In addition, the wide range of strategies which they presented in the lesson was living
proof of the fact that different people think differently, and therefore naturally solve
problems in a variety of ways.
I talked quite a bit about the importance of having the ,strategies come f~om
the kids, rather than teaching them. How t~achers deCIde on, the strategIes
that the kids should use, and then ar~ surpnsed that they do~ t ~nderst~nd someone said that they should be trymg to understand the kIds mstead .. ,.
(Journal, 14/1198, lines 44-47)

My attempts at taking advantage of the students' problem-solving in the lesson by
mediating its significance for work with children, as well as previous discussions of
constructivism, seem to have paid off. While the above could be interpreted as only
one student's conclusion, the atmosphere in the class seemed to indicate general
agreement and enthusiasm. This atmosphere was part of and important for the
continued building of educational norms which were distinctly at odds with the
traditional understanding of teacher-student interactions. It provided the backdrop
against which we then began to analyze the different solution strategies that are
generally manifested by young children, possibly making the analysis of these
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strategies more relevant, interesting and important in their eyes.
The Video Lesson

In the following lesson I showed videotapes depicting problem-solving lessons with
children. The progress that I felt had occurred in the students' thinking during this
lesson has been mentioned above in the evaluation of the second module. I will now
present some of the exchanges between the students and attempt to analyze the kind and
extent of change that had occurred.

In tenns of understanding children's thinking and what they are capable of doing, videos
would seem to be a close second to observing live classroom situations. In terms of the
students learning to teach in this manner, the videos, while clearly not sufficient, can be
of help as well. The conduct of this kind of problem-solving session with children is
complex, and demands of teachers new kinds of skills and understandings. When
handled well, the advantages of these lessons are striking. For both those reasons, the
observation of lessons that videos make possible, accompanied by appropriate
mediation and discussion, can do much to clarify their intent, engender deeper
understanding of their various components, and provide the student teacher wi th
evidence of their usefulness.
One of the videos shown, Cognitively Guided Instruction (Carpenter, Fennema &
Franke, 1992), showed problem-solving lessons as well as interviews \-\'ith the
teachers of these lessons. The statements made by these teachers in favour of having
children do their own learning, and of the role of the teacher as a facilitator, echoed
many of the discussions we had had previously. Couched in different language, and
situated in a different context, the video had the potential to reinforce the students'
developing understandings. I also showed a video of similar lessons in Israeli
classrooms, contributing to the understanding that this was not only possible elsewhere,
but was already happening in real Israeli classrooms as well.
One of the problem-solving strategies that children use in the video was trial and error. I
was interested both in clarifying the meaning of trial and error in these kinds of
situations, and in having them consider the value or otherwise of this strategy.
Rachel: There are those who think that trial and error is not an acceptable
problem-solving strategy. 1'd like you to think about that for a
minute.
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Sharon: They're not guessing.
Ofra:

Th~~' re not guessing. They're trying a few different \Vavs
opimon.

~,

in m"
)

Sharon: Right.
Ofra· The k
.
.
..
. kiY eel? on tryl~g
and trymg, and m spIte of the fact that they are
~
rna ng mIstakes, In the end they succeed.
Rachel: How is it that they can start with a guess and in the end they
succeed?
Ofra: There's a process. It's a process.
Rachel: What's the process?
Ofra: The process is through experience.
Martha: By checking.
Rachel: Who said "checking"? What do you mean by that?
Martha: The child checks himself, he sees that Sharon: He keeps on checking himself.
Martha: But I...agree with her. That a child who is possibly having some
difficulty ... checks and changes, checks and changes.
Rachel: Exactly. What's happening is that I do something through trial and
error - at the beginning I just throw out something - but that gives
me data. Then I check whether it is close to what I want is it
reasonable at all, and I learn from my guesses, I learn ~hat' s OK
about them and what's not.
Conversation among students - unclear
Enid: It's the same thing. We learn from our mistakes.
Rachel: Exactly. We learn from our mistakes. If you answered a whole page
of computation exercises correctly, it may well be a sign that you
didn't learn anything from doing it.
Dorit: But it can also ruin a child, I think. If he makes a mistake, if he
really makes a mistake, later he can make the same mistake over and
over again. It's frustrating.
Rachel: O.K. The question of frustration is extremely important...
(Transcript, 20/1./98)

The above discussion may shed light on a number of changes that have occurred since
the beginning of the year both in my teaching and in their understanding. At first glance
this excerpt would seem to show a successful example of constructivist-based
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teaching. Rather than simply explaining the ways in which trial and error can lead to a
logical solution to a problem , I had the students medIate
" theIr own meamng
. by working
.
out for themselves the ways that this might happen. On further analysis, however, my
description of the way some professionals may look at trial and error as a solution
strategy was a stimulus to have them think critically and professionally - to take into
consideration both the present instance and issues that we had discussed in the past and
to use them to understand more deeply the meaning behind this strategy,
In regard to the students' understanding, it seems that their responses were influenced
by quite a number of points that had been discussed during the year: the importance of
thinking in mathematics classes, the difference between guessing and conjecturing, the
fact that learning is a gradual process that takes time, the place of experience in the
individual's developing thinking, the importance of autonomy in learning rather than
using teacher-determined solution paths, the counter-productiveness of children's
fear of a teacher's wrath or their peers' ridicule when they err and the positive attitude
toward mistakes that the teacher must hold: "The child who is possibly having difficult)'
- checks and changes, checks and changes", rather than the solution being corrected by
the teacher, or receiving an explanation of the "correct" way to solve the problem, The
students' analyses, therefore, seem to have been influenced by many of the norms of a
constructivist approach to teaching that had become more and more accepted during
the course of the year.
At the end of the excerpt it may be noted how Enid spontaneously connected the trial
and error strategy with the way people generally learn from their mistakes, In this way
she pointed toward an opportunity to mediate transcendence which I quickly took up. It
is unfortunate, however, that after Doril' s last comment, that making mistakes might
"ruin a child", rather than allowing this discursive process to continue by permitting
the students to answer and discuss her reservation, I took the reins into my own hands
once again, thus doing a disservice to the subject under discussion. Dorit's comment
shows the way in which she continued to be concerned with the problematics of
mistakes. In my response to her, however, I did not continue this thread, but decided
instead to relate to the question of frustration in general, an interesting and important
issue that I always enjoyed talking about. This was unfortunate in that it both turned
.
f
the l'ssue at hand and cut off what may have been a continuing
attentIon away rom
'
U t'l thi pOI'nt however the fact that I allowed the conversation to be
'
'
'
dlSCUSSlon. n I S ,
directed by them seems to have reaped positive results.
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The major theme of the videos that were viewed was the importance of allowing
children to work out their own solutions to problems, rather than being shown one way
by the teacher. Here I returned to my Oliginal strategy for mediating meaning by asking
them to consider why this is important. Again, my intention was to have them consider
this question based on norms of teaching that had been developed during the year.
Rachel Why is it important that they be the children's strategies? Whv is it
important that it not come from me, but rather that the strateg[es
should come from the children?
Rochelle: You guide them. You mediate different things for them. But you
can't take them and put them in their. .. thoughts .. .it develops the ...
Rachel: Right - and by allowing them to be in control, they're active.
Rochelle: They don't just sit passively and listen to someone else.
Miriam: I think that that way it's much more meaningful for them.
Rachel: Right. Because it's their work.
Einat: Because it comes from them and it... (unclear) .
. Rachel: Right. And what about what the teachers said about that it's the
children who are the teachers?

Edna: Children listen more to other children than they do to the teacher.
Things that children say speak to them more.
Rachel: Right
Sharon: Children have similar heads.
Gili: But it's not always like that.
Rachel: It's certainly not always like that. But it often is. Children
understand what other children don't understand ...
Edna: They're coming from the same place.
(T ranscri pt, 20/1/98)

In this dialogue, although I take a too-central place in evaluating and reinforcing what
they say, the students once again are expressing attitudes regarding both the role of the
pupil and the role of the teacher which have become normative in the class - that .
knowledge needs to be built by the children themselves, that the role of the teacher IS to
guide and mediate, not to "tell", that children need to be active in order to learn, that
children can learn from each other, and that children can often understand each other
better than adults can.
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In spite of the atmosphere of general agreement and understanding of this approach to
teaching, the students were by no means monolithic in their responses, nor did they
accept uncritically what they saw.
Sherry: What, are they like that in first grade?
Rose: It's not possible. In first grade they barely know how to do 6-1.
Sherry: I don't know about that. My son already knows.
Rose: Yes, but there are many children that don't know yet and it takes them
years to solve arithmetic problems.

Tammy: In my opinion, [to make this possible] you need mathematics
teachers who are at a very high level.
Although there were a number of students who continued to express their inability to
believe that work at this level was possible with such small children, the debate was
canied out among the students and the evidence for its feasibility was provided by them.
In these exchanges I was no longer the central figure, the authority whose arguments
held greater weight because of my position. These lessons show evidence of an
increasing symmetry of classroom actions as portrayed by Bauersfeld:
Both teacher and students contribute to the classroom processes. It is a
jointly emerging "reality" rather than a systematic proceeding produced or
caused by independent subjects' actions.
(Bauersfeld, 1988, p. 29)
The students here were filling the role that peers play in apprenticeship situations,
where different points of view and different levels of understanding stimulate
argumentation regarding the issues at hand.
Miller (1987) refers to arg~m~ntat~on as the central form ?f ~o~ial e~change
that brings about shared thmking m a way that advances mdIvI~uals
knowledge and perspective. The p~in~ipal fe~tur~ of argumenta~IOn that
takes it beyond other fomls of SOCIal mteractIOn IS the ne~d t~ fmd a
collective solution to an interindividual problem of coordmatIOn. Such
discourse has a built-in capacity to release processes of collective learning.
(Rogoff, 1990, p. 178)
I felt that showing the videos had been very effective:
I think the videos made quite an impression on them - aIthc,mgh I kno~ the:e
is so much information contained in them that it's not pOSSIble to ,g~t It allm
one viewing. All the excerpts ... together did a good job of emphasIzmg the
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importance of kids figuring things out for themselves - and in the questions
that I asked them at the end that was one of the things that I asked them to
relate to.
(Journal, 20/1/98, lines 20-33)J
Thus, the situations depicted in the videos offered an opportunity for my students to
vicariously experience authentic teaching-learning sequences, to put their growing
understandings into practice by attempting to analyze them, and to engage in collective
learning through social interaction and argumentation. They led to exchanges which
show how the developing classroom norms had influenced their analysis of a situation
which at an earlier date might have sounded very different. These norn1S, and the
language in which they were couched, could serve as tools for them to look critically
at and evaluate teaching/learning situations, and develop understandings which would
become part of both the group's normative view of mathematics education and students'
individual belief systems with which they will enter the classroom in the future.
The discussions that took place in the video lessons in both groups gave me the
confidence to do what I had tried to do from the beginning of the year - to allow the
students more autonomy in the conduct of lesson. I had felt, however, that as long as
their original conceptions of mathematics went unquestioned, I was not able to do this I felt keenly the responsibility of presenting a novel and research-based professional
stance toward teaching mathematics (Buchmann, 1986). It was only with this lesson
that I began to feel I could leave many of the arguments to them - their professional
understanding was good enough at this point in the year that I felt they were able to
take my part in presenting the case for a constructivist approach to mathematics
education.
The question ren1ains as to whether this change, which received such dramatic
expression in this lesson, had only then begun to manifest itself, or whether it could
have been noted in previous lessons as well. On examination of the evidence it would
seem that in the successful handling of the work on games by the Wednesday group
reported in the previous chapter, this may have been the case. With the Tuesday group,
there were no similar signs. While it seems clear that the significant transformation
that occuned came as a result of a continuing process in both groups, it is also possible
that the very positive atmosphere and expressed norms of the problem-solving lesson
previous to the video-showing may have played a role in the understanding with which
both groups approached the discussion in this lesson.
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Perhaps an earlier viewing of the videos might have prompted this level of
understanding. However, the ease with which the students subsequently continued to
converse about the video, and the fact that while they were impressed bv what thev sa\\
~

""

they were on the whole not surprised by it, would seem to indicate that the timing of the
viewing of the videos, coming after a period of development in their thinking, was
probably instrumental.

Yanna, in her summary of the lesson, wrote:
!he stu?en~s reall):' took an active part in the lesson today. They brought up
InterestIng Issues, Important questions and relevant problems. Each one
expresse~ h~r own opinion about what she had seen. There was good
cooperation III the lesson, and most of the students really listened to the
opinions of their friends.
(Lesson Summary, 21/1/98)
Among other things, a problem-solving approach to mathematics education encourages
cooperation and tolerance toward different ways of acting and thinking. From Yanna's
description of the students' discussion, it seems that something of the atmosphere of
the problem-solving lessons depicted in the videos may have influenced the discussion
that ensued in our own lessons as well!
Stories from the field
Brown et al. (1989) emphasize the importance of story-telling or narratives in the
enculturation of individuals into a culture:
Within a culture, ideas are exchanged and modified and beli~f systems
developed and appropriated through conversation and narratIves, so these
must be promoted, not inhibited ...
The role of narratives and conversations is perhaps more complex than might
first appear. An intriguing role in learning is played b):' "legit~mate pe.ripheral
participation", where people who ~re n~t .taking pa~t. dIrectly III a partIcular
activity learn a great deal from theIr legItll~ate pos1tIc:m on th~ penphery
(Lave & Wenger, in preparation). It is a mIstake t? thmk .that l~portant
discourse in learning is always direct and declaratIve. !hlS penpheral
participation is particularly important fo~ people entenng a culture. They
need to observe how practitioners at vanous le~els behave and ~~.to get a
sense of how expertise is manifest in conversatIon and other actiVIties.
(Brown et al., 1989, p. 40)

The stories both I and my students told, and the conversations that centered around these
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stories, provided the opportunity to better situate the learning that was taking place in
our classes, and to provide the students with the opportunity to participate peripherally
in solving the pedagogical problems posed through these stories.
In the following lessons we continued to look at the subject of problem-solving.
Rachel: It is important that they know why they are solving the problems
yes? That they're not doing it only because the teacher told them'to.
They need to do som~thi?g that is significant to them. When they
know why they are domg It, they want to do it.
Hilit: I want to give an example. I was at the kindergarten on Tu B' sh\'at [a
spring festival] and the teacher wanted to have them taste nuts
and dried fruits. She wanted to give each child three almonds. She
gave the first child three almonds, then she gave the next child five,
but asked her to return the extras .. She gave the third child two and
asked him how many were missing. She did that with the whole class.
Before they could eat the almonds they had to figure out the answer.
(Transcript, 25/2/98, p. 6)
Hilit's testimony from the field was another opportunity for students to see the theory
canied out in practice. Here was an Israeli teacher who made use of a meaningful
context to support her children's mathematical problem-solving. At the same time, the
story itself, coming as it did from the field and providing the students with the
opportunity to vicariously experience the lesson, could contribute to their own images
and beliefs regarding effective pedagogy.
There were a number of occasions where stories told were based on, or had the effect of
eliciting, the students' own childhood experiences. For one of the students, Lena, the
positive experience of her student teaching was compared with her negative experience
as a child. Her student teaching placement was in a class where the teacher, who had
studied with me a number of years earlier, was putting into practice a problem-centred
approach to the teaching of mathematics.
Lena: At Forman School, my teacher Lillian ... seems to be putti?g into.
practice what she learned. She works with the children WIth cookies,
and she also ... has them divide the cookies between them. It's really
fun for them to learn mathematics, I think. It's fun for me too to see it
because I remember how I learned (in school) and I see how this
approach - it's completely different.
Tzila: But do the children really learn that way?
Lena: They love, they really love that lesson.

176

Yanna: What, 1'm going to bring cookies every lesson?
Lena: Through problems. To teach them addit~on and subtraction through
problems and not through dry computatIOn exercises. Like she says _
through problems.
(Transcript, 25/3/98, pp. 9-10)
Both Tzila and Yanna express skepticism regarding the feasi bili ty of the teacher's
approach. Lena's testimony, coming from the field, however, would seem to ha\'e the
potential to reinforce the view of mathematics learning that I was encouraging, and to
encourage further reexamination of persistent traditional views
The value of such reports, particularly in Israel, would seem to be enormous. At the
time of this research the prevailing traditional practices in mathematics classes in most
Israeli schools, did not allow many students to do their student teaching in this kind of
class. This presented a major stumbling block in any attempt to change the current
reality. Often students expressed admiration for the new ideas they met in the course,
but simultaneously expressed their doubt that such a thing is possible in Israel. An
exchange between students while watching the video a few weeks earlier hints at one
perceived difference between classrooms in Israel and, in this case, in the United States:
Yanna: It's so quiet in the class.
Donna: It isn't Israel.
Meital: They're all wearing uniforms!
(Yanna's report, 21/1/98, p 3)
The above examples provided a glimpse into the way research-based mathematics
education had proved itself to be not only effective but also possible in the Israeli
context. Because these came at a point in the year where individual students had
themselves put into practice, often quite successfully, many of the suggested activities,
thereby convincing them of their effectiveness both in terms of the children's learning
and in terms of the students' own enjoyment in teaching them, these testimonies of its
practicality as a general approach to be used by the classroom teacher had the potential
to further strengthen the students' developing beliefs and understandings.
Stories of both my own and the students' personal experiences and difficulties were also
effective. When we looked at using problem-solving to introduce division, we discussed
the possibility of beginning the work by giving children problems in \"hich there is a
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remainder:
Rachel: T.h~ truth is that it is not good to always give them numbers which
dIvIde exactly.
Noam: But it is easier and more satisfying.
Dana: Why?
Noam: First of all they practice with situations where it does divide exactly.
Rachel: ~hat' s what they usually say. I don't really agree with that because
If you start from Miri: For me whenever there's a remainder 1'm sure that l' ve made a
computation mistake.
A few students: Me too. Me too.
(Transcript, 25/3/98, p. 4)
Miri's short comment about her own feelings provided a common emotional context
for a number of the students, and highlighted the importance of the matter. The issue of
the students' negative previous experiences with mathematics is one that has often come
up in my didactics classes. These instances seem to provide opportunities for them to
evaluate their own past experiences and reach conclusions regarding possible alternative
ways of teaching that may prevent their own pupils from having the same kinds of
experiences that they underwent as children.
In another instance I wanted the students to understand the difference between two
different types of division situations - measurement division (the number of equal
groups in a whole), and partitive division (the number of objects in each group). After
having thein work out the difference between the two on their own, a number of students
were still having difficulty distinguishing between the two. When one student expressed
the difference incorrectly, I sympathized with the difficulty many of them were
experiencing and legitimized the mistake teachers often make by telling them about
how I used to make the same mistake:
Rachel: For many years when I taught young children I di.dn't r.ealize that
there was a difference between them. Nobody had ever pomted It out to me.
A child would be given a problem like "I had 15 cookies and I wanted to
divide them up between 5 children". Yes, imagine that that was the problem.
And then I would help the child to solve the problem by say~ng :'How ~any
fives are there in 15?". I would take a partitive situation, whIch IS (:m~ ~nd
of division, and I would explain the problem using measurement .dIVIsIOn.
They are two completely different situations. The choice of s?lutI<;)ll
strategies is connected with the difference between the two SItuatIOns.
(Transcript, 25/3/98, pp. 7-8)
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The use of my own stories of mistakes I made and misconceptions I had as a
beginning teacher, both brought alive the difficulties the students might be
experiencing and legitimized them. It also reinforced the understanding that good
teaching is something that needs to be learned. It is not simply a natural talent that one
either has or doesn't. Possibly a sign of the effectiveness of the story, Hili!' s report of
the lesson reinforced my feeling that they had shown particular interest in the
discussion:
There ~eemed to b~ quite a lot of interest in the discussion. Going over the
traI?-scnpt, th,o,:!gh,. 11 ~asn' t clear to me how many of the students were
actIv~ly partIcIpatmg m the discussion - but in her notes on the lesson, Hilit
~entlOned. how the students seemed to agree with the analysis of the
dIfferent kinds of strategies, and to think it important as well.
(Journal, 25/3/98, lines 42-46)
Further on in my journal I wrote:
Telling the story connects what we are talking about with the reality of a
teacher in the classroom - the learning becomes more situated. These stories
are what make everything else real.
(Journal, 25/3/98, lines 51-57]
I received further feedback on this lesson the following week when I made a comment
which was misunderstood by some of the students to refer to that lesson. One of the
students exclaimed "But last week's lesson was wonderful!". Although this comment
was not made specifically in relation to that particular activity, it is likely that it
reflected on that activity as well.
Myself as a Role Model
The possibility in teacher education of using the teacher educator as a role model for
his or her students is a golden opportunity to situate students' learning. On first glance
it would seem that the extent to which the teacher educator practises what s/he preaches
is the extent to which this is made possible. As has been demonstrated earlier, and \vill
be shown below, however, there can also be great educational value in reflecting on
unsuccessful teaching as well.
In the problem-solving lessons there were numerous opportunities to have students
experience the kinds of teaching that I hoped they would use in their o\vn teaching in the
future: from demonstrating how all students' solution procedures are presumed to be
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logical, to showing how the role of the teacher is to listen to children's explanations as
opposed to explaining, to expecting and encouraging many different strategies, to
emphasizing the importance of the procedure as opposed to that of the answer...
On one occasion I found myself in an awkward position when I was not able to fo11O\\
the explanation of a student's solution procedure. Although at first I felt extremely
awkward and uncomfortable, later in the lesson I suddenly realized the pedagogical
value of the situation, both for myself and for my students.
There was something that came up twice in the last two lessons and that's
the possibility of using uncomfortable situations for me as learn'ing situations
for both myself and for my students ....
When later on in the lesson I referred back to that incident, excusing myself
and saying that that doesn't usually happen, I all of a sudden realized how
this is a perfect example of what happens to many teachers in these kinds of
situations, and how I can use this occurrence to bring up some important
points - about the difficulty of the teacher's position when she has to connect
with the thinking of a lot of different children, and about the important part
that the other children have to play in trying to understand each other's
thinking.
(Journal, 4/3/98, lines 72-98)
Although neither in this instance, nor in the other instance referred to in the journal,
could my behaviour at the time be seen as a role model, it did highlight the kinds of
situations that can occur in any teacher's practice. The way in which I realized the
educational value of these situations, however, was an example of the way in which
reflection on negative events can help a teacher learn and grow. Equally important for
my students' learning was the fact that I made sure to mediate the meaning of these
encounters, thereby increasing the likelihood that my students would understand their
si gnifi cance.
Summary
From the above account it may be seen that the learning during this module was, at least
to some extent, grounded in realities that were meaningful to the students. As much as
possible I attempted to both utilize the educational context of our own lessons as well as
to bring the school classroom into our college lessons through the use of stories and
with the help of videotapes.
The use of cases - stories, vignettes, episodes - can present and transport bits of life
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to the classroom while still retaining much of their personal and particular flavour and
meamng. This seems to be a particularly useful and effective strategy. Shulman defines
a case as:
"~ pie~e of controllable reality, more vivid and contextual than a textbook

dlscusslOn yet more disciplined and manageable than observing or doing
work in the world itself'
.
(Shulman, 1992, p. xiy)
Theoretically, therefore, not only are stories a way of introducing interesting and
meaningful real-life situations into a college-based course, but they also have the
advantage of being more manageable and immediately relevant to the discussion of a
particular issue. In the work I did in this module it would seem that I only partially took
advantage of the control offered by their use. When the stories were my own, I clearly
was able to choose when and how to take advantage of them. The students' stories,
however, left that to chance. When they brought them up I attempted to relate to them
and further mediate their significance for our work. However, my concern about
completing the planned subject matter constantly competed with this awareness. As I
wrote at the end of the year, while going over my data,
This is such an important strategy but I still didn't use it enough, even
during the third module - I was still always too concerned with time and
didn't encourage them enough to tell more stories about the things they were
doing in school. It's important not only in terms of situated learning, but
also in motivating them to try out more activities in class ...
( Note on Journal of 4/11/97 - 14/8/98)
The use of videos has many of the same benefits as stories, with the additional
advantage that it allows the students to actually observe the occurrences as they take
place in the classroom. Because technical difficulties made it impossible to vie\v them
in our regular classroom, it was impossible to interlace them with other activities, and I
needed to limit their viewing to one lesson. Their value, as reported above, was
considerable, which would seem to indicate the desirability of integrating them more
into the course in the future.
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Constructivism in The Third Module
Letting Them Do It

The data from the third module is largely testament to my growing comfort devising
lessons which teach pedagogy in a manner more in tune with my constructivist beliefs.
The tin1e-ordered event listing shows a long row of activities which demonstrate this.
At the beginning of the module, I first introduced them to the categorization of
children's problem-solving strategies as set out by Carpenter (1999). In an attempt to
have them be as active as possible, I had them figure out the different strategies as
described by Steinberg (1989) in article written in Hebrew. Because the descriptions of
the strategies are difficult to follow, I had them work in small groups, each group
discussing different sections of the article. They then presented the strategies to the rest
of the class in the form of short skits. Dorit wrote of the group she observed:
The group was very concentrated on the task. The students cooperated well
with each other, they explained to each other, and tried to help each other
understand ... within seconds they built a convincing presentation.
(Dorit's summary journal, 13/1/98)
In the following discussion, when we considered reasons for the posited relative ease
of dynamic problems (in which there is an actual occurrence that takes place in the
story - she had 6 strawberries, she ate 3 of them) as opposed to static questions (in one
bowl there were three strawberries and in the other 5 strawberries), Michaela said
"Because when there is an action it is easier to imagine it". Donna said "It feels more
concrete that way". And Miri said "It is much easier when they can act it out or imagine
themselves doing it". Regarding the reasons for starting with story problems before
abstract atithmetic computation, one student, Deena, said "They're authentic
questions".
The students' responses here indicated a number of principles of teaching that are in
character with a constructivist approach - the importance of activity, of concrete
understanding, and of the relevance of the problems to children's day-to-day lives.
These responses, again, began to give me the feeling that I could leave the work to the
students with the expectation that the discussion would be both high-level and
meaningful to the students.

1B2

In the lesson where I had the students work out for themselves the d'ff
b
1 erences etvveen
measurement division and partitive division I asked them to d
h
,
, e m o n s t r a t e ow they
would solve thIS problem: "There are 39 cookies and 13 h'ld
H
'
c 1 ren, ow man\' cookies
tho
will each child get?" Yvonne said that she would solve l't l'n th
e same way at she had
solved a previous one.
Rachel: Could you explain how?
Yvonne: I would draw it.
Rachel: And what would you draw? You would draw 39 cookies""
Yvonne: And I would draw 13 children
Rachel: Ah, so it's already different. Good, And then what would vou do?
You have 13 children.
'
'
Yvonne: I would draw lines connecting the children to the cookies,
Rachel: Good. That's not what you did before,
Yanna: That's not the same thing, That's a different way,
Miri: But you said before that you can take 39 cookies and divide them into
groups of 13 so that you would get 3 groups,
Rachel: Now, the question is whether that - it will give you the answer,
that's true. But does that answer the question the way I asked
it? .. What does that say? What does that three mean?
Hilit: That you have three groups and each child gets one cookie (from each
group).
(Transcript, 25/3/98, pp, 6-7)
In the above exchange, rather than correct Yvonne's statement that she would have
solved the partitive problem in the same way as the measurement problem, I allowed
her to explain her solution strategy and thus recognize her mistake, just as I would do
in problem-solving situations with children. In this way I may have allowed her and the
other students who were listening to the exchange to construct their understanding of the
difference through their own work. In my journal I wrote:
I think their feeling that the distinction is important and relevant came from
the connection between the solution strategies and the distinction of the
different kinds of division. Had I just told them about the different kinds
they would not have really felt the importance.
(Journal, 25/3/98, lines 46-57)
The following week, while reviewing the work we had done on diyision, I had planned
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to list the reasons that it is important to begin the work with problems which Ieaye a
remainder. Instead of lecturing, I asked them to figure out what they thought might be
my reasons for considering that a better alternative than the traditional way. My journal
entry, while analyzing the potential benefit of the challenge I gave them, shows my
feeling of discomfort with the way I phrased the task.
I ~as abo~t to tell them why I thought it a good idea to start with division
wIth rem~llnders, when I stopped mys~lf and ~sked them if they could tell me
w~at I thmk. Tamar seemed to apprecIate the Idea behind that. It's good, I
thInk, because whether my pri!lciples are theirs or not, they should have
picked up enough of what I thmk by now to be able to use that to fi oure out
what I think about subjects that have never been discussed before. Itseems
to me that that's a good exercise in coming to conclusions - and one that
they'll be able to take advantage of later in their own teaching. It is also a
good :way or me .to see how well they have thought about and understood
what IS gomg on m the class, and a way that I can get them actively thinkino
b
rather than passively listening.

r

(Journal, 1/4/98, lines 4-13)
On the one hand, I was able to spontaneously revise my plan to lecture about the
advantages and instead asked the students to work out the reasons for themselves, thus
seeming to indicate a growing awareness of teaching strategies which engage students
more actively in the construction of their own knowledge. As I reflected in my journal,
this may have been an effective strategy. On the other hand, my request that they figure
out what my reasons might be, as opposed to deciding for themselves what their reasons
might be, may indicate that my confidence in the students' own understandings and
their abili ty to put these understandings into practice, was not yet as secure as I seemed
to feel after the video lesson. This mayalso have been an indication of my continued
difficulty in giving up the reins, no matter how competent many of the students were
proving themsel ves to be in our discussions.
Separating
The continuing difficulty that I was experiencing in my interactions with the students
expressed itself in my failure to allow them to conduct discussions on their own, and
in the frustration I often felt when they did not allow me to complete my presentation
of a particular topic. I needed to think of a strategy that would hel p me arrive at some
kind of balance which would allow me to feel more comfortable with my teaching. I
began to develop a plan to separate two distinct modes of teaching - the presentation of
material in lecture form, and discussion in which the students are the major contributors
and my main function is to act as a facilitator, evaluate the students' interactions and
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mediate whenever appropriate.

From the beginning I presented the idea to my students, telling them that I had been
dissatisfied with what I was hearing in the tapes of our lessons:
I did~' t like wha~ I heard. 'Yhat I.felt was that there are conflicting needs.
One IS that I am Interested m havmg you actively build your own
know,ledge, and that you sho~ld realize that that is how people learn better...
I don t want to stand her~ tellIng you.everythingjust as I don't want you to
try and pour ~owledge mto your chIldren's heads. So I really \vant you to
talk and to. thInk. I want you to take responsibility for your own learning so
that you wIll learn I~10re. On the other hand, there are so many things that I
want to t~ll you - thmgs t.hat I have learned as a result of my own experience
and readmg. What ~ feel IS t~at so far I'm constantly trying to both listen to
you and to tell you mformatIOn - and the clash between them is extremelv
unpleasant. What I've decided is to try and separate between the two - that
there will be part of the lesson ~hat is yours, that is the discussion part, when
all of you can say what you thmk, and when the discussion is preferably
between you, rather than between me and you. And then there will be part of
the lesson that is more like a lecture - then it will simply be my turn to talk,
without having you contribute to that part of the lesson. If there are things
that you need to have clarified, you can obviously ask, but if there are things
that you want to relate to I want you to make a note of them and we can
discuss them after I'm done.
(Transcript, 25/2/98, lines 3-20)
Actually putting this action strategy into practice proved to be sometimes difficult and
sometimes problematic, and it met with varying degrees of success. One way in which I
attempted to ensure my use of the strategy was by making notes in my lesson plans
regarding which sections should be dealt with in which way. From the very first I
realized how the separation had to make sense in terms of the fOl111 and content of the
lesson - otherwise it would be so artificial as to be useless.
According to my new decision to separate between the times when the
students are supposed to talk and those when I am supposed to, I pl.anned my
lesson today such that the discussion of the diffe~ent type~ of q~lestIOns and
their relative difficulty, would be divided into a fIrst part m ~hICh ~hey
would answer questions that I put to them, and a second part m WhICh I
would add my own thoughts to what they said. I now r~alize that that \~as
not good planning ... if I want there to be a real separatIOn b~twee? theIr part
of the discussion and my part, the two parts have to be dealmg WIth
.
different subjects so that it makes sen~e t<? separa!e .. .In theory the sep~ratlon
idea sounds like a good one, but in thIS kind of CIrcumstance at least, It
.
doesn't seem to be appropriate. I will still try it out in a lesson where there IS
more of a natural separation between the parts.
(Journal, 25/2/98, lines 4-21)
The artificial nature of the strategy led me often to neglect its use, in spite of it being
part of the original plan of the lesson.
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When we ret~fl!-ed to the part of the previous lesson that we hadn't finished
yet... I had ongmally planned to just let them do the talking. In the lesson on
Tuesday I ~ad told then~ that that that was what I was going to do. In the
le~son earlIer that mormng, I also tried to ~o it b~t ~ithout telling them. By
~hls.le~son I more or less forg?t about the Idea - It stIll feels too artificial and
It dldn t s.eem to work well WIth the other groups. That doesn't mean that I
want to gIve up on the idea - I'll have to keep on trying.
(Journal, 27/5/98, lines 13-20)
At the end of one lesson in which I had succeeded quite well in allowing the
conversation to carryon between them, the students both cooperated and showed
interest in the subsequent lecture.
I ended up ~ith barely a half an hour to talk about symbols - I had planned it
to take 40 mInutes, but even that was tight. This is where I reminded them
of my idea to separate the parts of the lesson and told them to take out their
notebooks to write down any ideas they had. I said that they could ask
clarifying questions, but not add their own ideas - that they will be able to do
next time during the review - I'm afraid that that review is going to take up
most of the lesson! In any case, it worked. I talked straight for half an hour,
and managed to finish everything I wanted to. At the end of it I was dead, as
were they. Deena immediately told me how wonderful the lesson had been,
as did a few others as well. I really do think it was good - a good mix of me
talking, and them being active.
(Journal, 28/4/98, lines 58-68)
I felt similar success the following week, when the main part of the lesson had been
work in small groups and the subsequent reporting of their conclusions, where my part
in the lesson had been almost entirely that of mediator and moderator of the discussion.
It was then my tum to lecture. Deborah, in her report, writes:
Rachel starts teaching about the base-ten system. She says it is now her tum
to talk, and later on she will leave time for their comments. The students
listen in complete silence while Rachel is talking.
(Student's report, 6/5/98, p. 4)

From the data it would seem that my separating strategy had met with moderate success.

It continued, however, to feel too artificial, and never really became a strategy that I
could use smoothly and naturally. There was, however, a strategy that grew out of the
idea of separation that was to prove extremely logical, natural, and easy to use: the
review at the beginning of each lesson.
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The Review

One of the most practical as well as effective strategies that I developed over the course
of the year was the use of summaries, or reviews, at the beginning of each lesson.
Although ostensibly simple and obvious, it was a strategy that offered solutions to the
two particularly vexing problems of my work - the problem of my conscious use of
MLE, which I have discussed at length above, and the tension between my desire to
listen to my students, letting the conversation flow, and my desire to carve a path in their
thinking which would lead to the development of a particular way of thinking about
and practicing the teaching of mathematics. While the use of reviews greatly alleviated
these problems, it also contributed to my efforts to situate their learning. In terms of the
parameters of MLE, it offered me the opportunity to mediate transcendence, to make
connections between different instances of the same phenomenon.
During the first part of the year there were a number of times when I started off the
lesson by referring to previous lessons. The catalyst for this was the writing of my
journals. When reflecting on the previous lesson I would often feel the necessity of
further clarifying ideas that had been discussed, of relating to various si tuations that
had occurred, or of bringing up important points that had been omitted. When, in the
third module, I began to consider the idea of separating the lecture parts of the lesson
from the more active student-participation parts, I began to recognize the advantages
that this review had to offer.
There are a few problems with the way I run the lesson that keep repeating
themselves - one is the necessity of going back and filling in important
things that were left out for one reason or another. This now con~ects up
with the sectioning off of the lesson, which I don't seem to be domg very
successfully. I have all these great plans about when I' p ta.lk and when they
will, about keeping the lesson balanced between expenential stuff and
discussion, and now possibly add to that a part of the lesson that I keep as a
review of the past lesson. It seems that I. n~ed at lea~t 3 ~ours for every.
lesson rather than just 90 minutes. In thIS mstance, It mIght be a ~ood Idea
to use the first part of the lesson for s~mmarizing ~hat was done m the ,
previous lesson, and bringing up any Important pomts that were left o~t. It s
obviously good as a memory jogger - both for them an? for me - and 11
might put some of the new thi~gs w~ do that day more mto conte~t. A~ ~ar as
actually doing what I plan, I thmk thIS has the. most hope o~ an.Ythmg I ve
thought of till now. It just makes sense, pI us It'S at the begmr:mg of. the
lesson so I shouldn't forget (l). It also needn't always deal. stnctly WIth the
last lesson - if there are other things hanging, I can deal WIth those then too.
(Journal, 25/3/98, lines 117-134)
The following week I presented the idea to the class:
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I men~ioned my idea of doing a review at the beginning of the lesson, and
they lIked that very much.
(Journal 3113/98, lines 7-10)
Already on the following day my perception of the character of the review began to
change. Rather than use it as lecture time, I decided to use it to bring up important
points in a more participatory fashion.
When I started doing the review of what we had done the previous week - it
wasn't really a summary, but an opportunity to bring up missed points. I
was about to tell them why I thought it a good idea to start with division with
remainders, when I stopped myself and asked them if they could tell me
what I think. Tamar seemed to appreciate the idea behind that.
(Journal, 1/4/98, lines 4-7)
After one lesson, where I had neglected to mediate the ways in which I had mediated, I
began to see the review as offering the easiest opportunity to mediate my mediation.
Although I had planned it into the lesson, I didn't refer specifically to the
MLE that was happening - this time more a question of time than of not
thinking about it. It might be appropriate to include that in the review next
week - maybe that should even be the regular time to do it.
(Journal, 28/4/98, lines 53-56)
My lesson plan of the following week shows how I was beginning to learn to utilize the
review time:
Talk about the connection between symbols and the base-ten system position as a symbol - and emphasize more the idea of position
Remind them that the way we did it is not the way they should do it with
children
Ask them what they really prefer - that I give them more time to play each
game, or that they should have the opportunity to tryout as many games as
possible.
Talk about the MLE criteria that were present in last week's lesson
(Lesson plan, 5/5/98)
This plan, as can be clearly seen, was far too ambitious for a "review" of twenty
minutes, and indeed needed to be curtailed, but it demonstrates the enormous usefulness
of the review for a variety of purposes. This, along with the ease with which it could be
put into practice, quickly made the review a standard feature of every lesson. At the end
of the year I wrote in my journal:
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I ha~e a feeling that t~e decision to start each lesson with a review of the
preVIOUS one has possIbly 1:>een the only decision I have made about the
structure of my les~o~s WhICh I have carried through consistently. For a
numb~r rea~ons It IS both ~ood and ~atural - I guess that's the winning
co~blI~atIOn ... lt refreshes theIr memones and helps things find their place in
th~Ir mInds. It also allows me to go back to points that I felt were not dealt
wIth enoug~ or were not clear enough, or even that had not been finished
complet~ly In the previous lesson ... those things that I didn't get to because of
lack <:f tIme,. rather than being completely forgotten about, are at least
mentIOned, If not worked on seriously.

or

(Journal, 9/6/98, lines 15-22)
Probably the major reason for the success of the review was the ease with which it
could be executed. Because it mostly occurred at the beginning of the lesson (there
were instances when I decided to change the order), I could move right into it with a
fresh mind, concentrated on the plan which had been decided upon in the quiet of my
own home, without yet having to take into account the mUltiple considerations of the
c1assroonl situation. These considerations, which had often been the nemesis of other
action strategies that I had attempted to put into practice, were usually generated in the
course of the lesson, not at the very beginning, and therefore did not prevent me from
carrying out the review more or less according to plan.

MLE in the Third Module
Regarding my use of MLE, my success in using it consciously and mediating the
mediation was somewhat uneven. At the beginning of the module I was still having
difficulty with it, but later on I began to be more conscious of it and to relate to it as
well. This was done mostly as a result of either planning the discussion of the criteria
into my lessons, or through MLE cues which I wrote into my lesson plans - after having
finished planning the lessons I would go over my plan and mark in where and what
kinds of MLE were appropriate for which subject. All in all, of the 18 lessons that I
studied in the third module, I both consciously used MLE and talked about it in about
half of them .. After one lesson I wrote:
What's interesting is that recently l' ve be~n feeling that the MLE criteria
have gotten into my bones, and I am relatmg to t~em more and more
naturally and easily - just when at the end of the first semester I was.
beginning to despair of that happening, it seems to. have happened wIth
hardly noticing. To a certain extent I feel that that IS what' s be~n happenmg
with some of the students as well. Although that was not so eVlde~t fr?m thIS
lesson, in the past few lessons, when I have referred to different ~ntena I
have felt a growing understanding on their part of what I am talking about.

u:y

(Journal, 4/3/98, lines 195-201)
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This comment seems to have been somewhat over-optimistic _ there were additional
lessons towards the end of the module where I didn't have MLE on my mind at all.
Nonetheless, on the whole, it would seem that both mediating consciously and talking
about it were beginning, at this point of the year, to come more naturally.

The use of MLE in my analyses of my lessons, on the other hand, had become quite
routine, and added greatly to my understanding of my practice. An example of this
related to a short homework assignment that I had given them spontaneously:
This was definitely the right instance of when to give a short bit of
~ome~ork: When I g~ve t~em the h~:)lnework I was once again mediating
IntentIonalIty .and :ecIprocity by tellmg them how important it is to
un~erstand thIS pOInt, I wa.s ~lso med~ating the feeling of competence by
tellIng them that altho~gh It IS confus.mg ~t the beginning, if they take the
nec~ss~ry steps ~hey wIll understand It qUIckly, and also mediating goal
achIevIng behavIOUr.
(Journal, 25/3/98, lines 63-67)

EVALUATION OF THE THIRD MODULE

My Own Work
By the end of the third module I was beginning to see progress in my work on all fronts.
The data shows that I succeeded in situating the students' learning on quite a number of
occasions, and in a variety of ways - through stories, through the use of videos, and
through basing our discussions on actual work that the students had done. However, the
pressure that I felt regarding the time at my disposal caused me to use students' stories
less than was desirable. This was a problem that I was aware of, and which demanded a
suitable strategy, but which was not addressed in the course of this research.
Possibly my greatest success lay in my attempts to allow my students to take greater
responsibility in our lessons. My growing feeling of comfort with this seems to have
resulted from two major factors - my developing ability to plan constructivist-based
activities which supported the development of the students' own pedagogical
understandings, and the greater understanding that they themselves were showing
which increased my confidence in their ability to raise important pedagogical
considerations both in our whole-class discussions and in the smaIl-group work.
Additional success could be seen in the implementation of the lesson review at the
beginning of each session. This simple strategy proved to have the potential of being
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particularly useful for many different purposes. It allowed me to better situate the
lessons by connecting past and present occurrences, to mediate the ways in which I had
mediated in the previous lesson, to allow my students to increase their understanding
by returning to ideas discussed previously, and more ...

Regarding my use of MLE, I seem to have made progress mainly through devising
situations that would remind me to think about it and to mediate the mediating that I did.
Some progress was also made in the degree to which it felt natural to me, but here I felt
that more time and work would be necessary before that could actually come to fruition.

My Students' Work
My students were taking a much more active part in the lessons in this module than they
had in the previous ones. This development seems to have been due to the two factors
that I mentioned above - first, I was allowing them to do so by developing instructional
activities which replaced lectures. Second, by the beginning of the third module their
growing understanding and ability to reflect on pedagogical issues enabled me to loosen
my control and give them more responsibility in the conduct of the lessons.
This development may have encouraged the building of classroom pedagogical norms.
We discussed educational issues, the videotapes and stories told by both the students
and myself. The fact that I left more room for the students in these discussions
provided them the opportunity to verbalize their thoughts on pedagogy as well as to
listen to those of others. The norms thus developed within our classroom community
may be seen to be largely in accordance with social contructivist views of mathematics
education: understanding the importance of experiential learning, having children
think for themselves and encouraging them to construct their own understandings and
solve problems in their own ways, appreciating the learning value of mistakes, and
understanding learning as a process that takes place over time.
In the context of pre-service teacher training, the development of classroom norms is
most importantly a means to encourage teachers to put these principles into practice in
their own individual classroom teaching in the future. For this reason I began to see the
importance of examining individual students' beliefs. The following chapter \vill
examine to what extent the nonllS have actually become part of individual students'
expressed beliefs.
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CHAPTER EIGHT

A FOCUS ON BELIEFS

From the outset of this action research project I sought ways of making my course on
mathematics pedagogy more effective and influential on students' future teaching
practice. I chose to do this through the use of three major teaching/action strategies:
through the use of Mediated Learning Experience in my teaching, through the teaching
of pedagogy in a constructivist manner, and through utilizing context and social
interaction in the development of students' thinking. Both the theoretical base of the
work and the work itself led to a gradual shifting of focus during the course of the
research. I originally approached teaching the course with a view towards encouraging
the development of pedagogical content knowledge in mathematics in a \vay that
would be as meaningful and significant for the students as possible. Although the
importance of beliefs was taken into consideration, this was done as a means through
which students could better develop their pedagogical content knowledge. As the year
continued, a second way in which I attempted to fUlther my goal was through the social
context of the course. At that point my attention turned to the ways in \vhich the
students' understandings were shaped by the classroom learning community which
gradually came into being over the year. At the close of the action stage of the research
I shifted my focus once again, this time looking at my students' beliefs. In order to
evaluate the effectiveness of the research project, i.e., to conjecture as to the extent to
which the course would influence my students' future teaching, it became necessary to
focus directly on the beliefs of individuals at its conclusion.
The literature indicates both the influential nature of an individual's beliefs on
professional practices, and their potential to aid students in putting into practice the
innovatory educational ideas encountered in their professional preparation in the
college. As suggested by Renzaglia et al. (1997), novice teachers "who have a firmly
established core of beliefs and practices" (p. 361) have a greater chance of acting as
agents for change in their classrooms.

Beliefs

Ernest (1989) uses the term beliefs in a comprehensive way:
What is referred to here as 'beliefs' consists of the teacher's system of
beliefs, conceptions, values and ideology also referred to elsewhere as the
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teacher'.s 'dispositions' (Kuhs. & Ball, 1986) The argument is that such
conceptIO.ns have a powerful Impact on teaching through such processes as
the s~lectIon of ~?ntent an~ emphasis, styles of teaching and modes of
learnmg. ~n addItI~n to sU~Ject matter related beliefs, the teacher's principles
of educatIOn a~d VIews of Its overall goals are also important (Wilso
Shulman, & Richert, 1987).
n,
(Ernest, 1989, p. 20)
I have chosen to adopt this broad interpretation of the tenll 'beliefs' for two reasons.
Many researchers (Thompson, 1984; Wubbles, 1992; Hill, 1997; Carter, 1990; Griffiths
& Tann, 1992; Gudmundsdottir, 1990, Zeichner & Tabachnik, 1985) have used similar,

often parallel, tenns. Reasons for refraining from the use of the term range from its too
general nature which may lead to a lack of clarity, to its faith-like connotations, to the
negative and unscientific implications associated with it. Beliefs, in a positivist culture,
are seen as subjective constructions, as opposed to 'objective' knowledge.
~s a ~lob~l construct, b~lief does not lend itself easily to empirical
InveStIgatIOn. Many see It so steeped in mystery that it can never be clearl\'
defined or made a useful subject of research. For these reasons, it is often'
seen as the more proper concern of philosophy, or, in its more spiritual
aspects, religion.

(Pajares, 1992, p. 308)
The effects of attempts at articulating clear distinctions between constructs closely
connected with beliefs, however, result both in an emphasis on the differences between
different categories, and a blurring of the distinctions between members of the same
category. Regarding the often perceived dichotomy between beliefs and knowledge,
these distinctions may result in misunderstandings such as the distinction between
"subjective" and "objective" reality that led generations of positivists to claim the
value-free nature and ascendancy of" fact" over subjective perception and
understanding which largely determined the teaching strategies deemed appropriate for
each.
Equally problematic is the blurring effect of this categorization. In trying to distinguish
between beliefs and knowledge, one necessarily lumps different kinds and gradations
of beliefs into one category. It is useful to look at the knowledge component of beliefs
and use that to distinguish between different kinds, or different levels, of beliefs. These
can be rated on a scale from those which are based entirely on personal, unexamined
and uncon-oborated ways of looking at experience, and those which have been analyzed
and reflected upon, and therefore modified in accordance with one's growing
knowledge of an educational domain. Beliefs can be characterized as more or less
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grounded, depending on the examination they undergo and their potential modification.
The second reason for my choosing to use the word "beliefs" and for defining the term
broadly, is connected with its powerful connotations. As opposed to alternative tenns
such as dispositions (Kuhs & Ball, 1986 in Earnest, 1988), theories (Griffiths & Tann,
1992), or perspectives (Zeichner & Tabachnik, 1985 ), the use of the word "beliefs"
can be an indication of their importance in the conceptual development and change of
the individual.

One of the connotations of the tenn "beliefs" is that of faith so strong that it cannot
be questioned. Abelson ( 1979) identifies this as the existential presumption feature of
beliefs. The strength of feeling associated with beliefs, and its resultant ability to direct
action, has been recognized and accepted by educational researchers of all spectra those who embrace beliefs and willingly incorporate them in their educational theories,
and those who see them as undesirable elements of human thought which must
nonetheless be addressed in educational work if that work is to be effective. Nespor
(1987), having described the spurious process by which beliefs are formed, admits their
strength of infl uence.
And yet, for all their idiosyncrasies, [NesporJ concluded that they are far
more influential than knowledge in detennining how individuals organize
and define tasks and problems and are stronger predictors of behavior.
(Pajares, 1992, p. 311)

At the other end of the spectnlm, Tillema and Knol (1997) devised a program for
pre-service teachers in which they offer strategies to validate their students' existing
beliefs and utilize their power in an effort to effect conceptual change. Their view of
educational beliefs is as follows:
Beliefs about teaching are perspectives on the p~ofessio~, deeply-rooted
'certainties' and professional assessment~ or pomts of VIew abou~ go~d .
teaching which are utilized ~n the ~va~uatlOn of newly-presented mfOlmatlOn
in preparation for future actIon (Pmtnch et aI., 1993)
(Tillema & Knol, 1997, pp. 31-3
Tillema (1997) points out the impact of work on beliefs on the development of
knowledge:
Influencing belief change has a far greater impact on learning than do direct
modes of presentation or instruction. It can be. contepded that programs. that
do not explicitly deal with student teacher belIefs wIll lead to less le~~Illng
(at least at a reflective, or deep processing level) and consequently \\ III not
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~ffect subsequ~nt ~eaching performance, i.e. the deployment of new concepts
In ~ctual tea~h~ng m practical settings. It would be appropriate to envision
behefs as gUldmg the knowledge construction of student teachers.
(Tillema, 1997, p. 294)
Changing Beliefs

As noted earlier, much literature (Lortie, 1975; Lacey, 1977; Ball, 1988; Tabachnick &
Zeichner, 1991; Zeichner & Gore, 1990) has pointed to various socializing influences
that affect the beliefs and attitudes of both pre-service and in-service teachers.
According to Pugach (1992), those studies which are pessimistic in their estimation of
the possibility that these influences can be confronted and changed are studies done in
accordance with a functionalist perspective.
[This perspective] implies that "teacher as change agent" is, for all intents
and purposes, an unattainable goal and that socialization is basically a
process that sustains conservative educational practice.
(Pugach, 1992, p. 135)
The severity and pessimism of the functionalist tradition is expressed by Zeichner &
Tabachnick (1985):
On the one hand, first year teachers are seen as prisoners of the past (ei ther
anticipatory socialization or pre-service training) and on the other hand they
are seen as prisoners of the present (institutional pressures emanating from
the workplace). Significantly, in neither case are beginning teachers viewed
as making any substantial contributions to the quality or strength of their
own induction into teaching.
( Zeichner & Tabachnick, 1985, pp. 3-4)
The alternative view, according to which it is possible to examine the absorption of new
teachers into the school system is an interpretive one. According to this view, the
socialization of novice teachers, while greatly influenced by the factors mentioned
above, is nevertheless an individual process, one which is affected by the personal
characteristics of the students, their beliefs, attitudes and actions.
The interplay of institutional norms and idiosyncratic patterns require
interpretation, assignment of meaning and understandmg of process, and
therefore fall into the interpretive tradition (Lacey, 1977).
(Pugach, 1992,p. 137)

When looking at the literature on beliefs one generally accepted contention is
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that they are difficult to change. Pajares ( 1992) discusses the importance of the
stage at which beliefs are developed:
Nis~ett

& Ross (1980) suggested that all people are theorists about their
SOCial. and natural. world and that information encountered early is the raw
ma~enal from ~hlCh they ~re~te the inferences they make about themselves,
theIr surrou.ndmgs and ~heir CIrcumstances. A primacy effect is at work as
these e~rly Inf~rences
interpretations of subsequent and often
cOl~tradICtory. mformatIOn, so that personal theories are always insufficientlv
revIsed eveI?- m the face of contradictions this new information may hold. Earll' exp~nences strongly influence final judgments, which become theories
(belIefs) hIghly resistant to change ...

?IaS

Due to these phenomena, the earlier a belief is incorporated into the belief
structur.e, the more diffi~ult it is to alter, for these beliefs subsequently affect
perceptIOn and strongly mfluence the processing of new information. It is for
this reason that newly acquired beliefs are the most vulnerable. With time
and use they become robust, and individuals hold on to beliefs based on
incorrect or incomplete knowledge even after scientifically correct
explanations are presented to them.
(Pajares, 1992, p. 317)
While accepting this primacy theory, Goodman (1988) believes that it is possible to
affect these early beliefs. In a study of pre-service teachers' professional perspectives.
She found that
students did not enter (this program) with a hardened set of professional
opinions. Rather, their pre-professional images fonned an "intuitive screen"
through which they interpreted their professional education ... Unlike glass,
which is rigid and does not allow wind, rain and sound to enter, screens
connote a separation from the outside world, but one that is more open to
external stimuli. This metaphor is useful for portraying the dynamics
involved as students developed their perspectives of teaching ...
(Goodman, 1988, p. 130)

A number of models for changing beliefs have been put forth. Stuart and Thurlow
(2000) have had students articulate their current beliefs so they can become conscious of
them and examine them. Only in this way will pre-service teachers be in a position to
change the status quo.
As pre-service teachers begin their careers: they will be in a po~ition to b~eak
this cycle, but they will be incapable of domg so ~s long as belIefs of whIch
they are not cognizant drive their classroom practIces.
(Stuart & Thurlow, 2000, p. 119)
Korthagen constructed a program based on the influence that reflective thought can
have on future action.
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A nlajor aspect of the p~ograml:ne is that reflection is stressed even before
students embark on thelr practlcal teaching. The idea behind this is that
teachers can, be armed against socialization into established patterns of
sch~ol practIce. The student teacher must first gain some idea of who he or
she IS, of wh~t. ~e or she wants, and above all of the ways in which one can
take responsIbIlIty for one's own learning,
(Korthagen, 1988, p. 39)
A number of researchers (Prawat, 1992, Tillema, 1997, Tillema & Knol, 1997) have
utilized conceptual change research (Posner et aI., 1982) in their efforts to understand
the ways in which beliefs may be changed. Although Posner et ai. emphasize the fact
that their research is focused on learning as a rational activity, and for the purposes of
their inquiry motivational factors are not taken into account, they admit the importance
of these factors.
[Learning] is fundamentally learning to comprehend and accept ideas
because they are seen as intelligible and rational. Learning is thus a kind of
inquiry. The student must make judgments on the basis of available
evidence. It does not, of course, follow that motivational or affective
variables are unimportant to the learning process. The claim that learning is a
rational activity is meant to focus attention on what learning is, not what
learning depends on.
(Posner et aI., 1982, p. 212)
The fact that researchers of belief-change use a theory focused on knowledge is another
indication of the intertwined relationship between the two - each is affected by the
other. For this reason Prawat chooses to utilize Posner et aI.' s theory of conceptual
change in an attempt to bring about change in beliefs.
Getting people to change beliefs, especially intuitively reasonable ones, is a
difficult proposition. Recent research on the .co~c~ptual change pr?ces~ .
indicates several criteria must be met: First, mdIVlduals must be dIssatIsfIed
with their existing beliefs in some way; second, they must find the
alternatives both intelligible and useful in extending their understanding to
new situations; third, they must figure out some way to connect the new
beliefs with their earlier conceptions (Posner et ai. 1982)
(Prawat, 1992, p. 357)

Brown et aI. (1989) offer another model of belief change in their construct of cognitive
apprenticeship as an alternative approach to schooling. As an example of this approach
they take Schoenfeld's work in which he and his students built a mathematical belief
system through both his and the children's intuitive responses. In this work,
Schoenfeld is consistently careful to emphasize that all. .. strategies are
illustrated in action, developed by the class, not declared by the teacher. In
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his cl.ass~s, th~ belief system is instilled in the only wav it can be throu h
~
,g
practIce In WhIch the students actively take part.
(Brown et aI., 1989, p. 38)
The above are examples of ways in which reflection, conceptual change, and
participation in a social context have been used to encourage belief change in students. I
will now show how my own course attempted to do the same through focusing on the
three major action strategies: the use of MLE, the implementation of a constructivist
approach to the teaching of pedagogy, and the utilization of context to situate my
students' learning. Although for practical reasons these were approached in my research
in a largely linear fashion, one strategy following other, I will attempt to show how they
together constitute a model for teacher education which has the potential to significantly
affect the beliefs of pre-service teacher education students.
Outcomes

Because this research looked at a year-long course during the students' pre-service
teacher education, it was beyond its scope to return a number of years later and observe
the actual teaching of individual participants as full-fledged teachers in the field.
Indication may be had of the influence of the course, however, by looking at the quality
of the students' testimonies regarding their perceptions and beliefs vis a vis
mathematics education at the end of the year. Because this course is only a tiny fraction
of the multiple school experiences that they have had and will have in the future,
changes seen at its close can be viewed only as a beginning of a new attitude that will
hopefully continue to develop and acquire both fonn and substance in the course of their
future teaching. The question cannot be whether I "succeeded" in "producing" teachers
of mathematics education according to a particular preferred model, but rather to what
extent the course led to the students' changed perception of the field, and to what
extent it offered them tools to look critically at alternative models of practice. Ernest
(1989) puts the question thus:
It has been noted that student teachers' idealism is 'washed out' by
socialisation in schools (Lacey, 1977). Can teachers be h~lp'ed to develop
beliefs about mathematics and its teaching which are realIstlc and robust
enough to resist this? What leads to shifts in beliefs and attitudes? Is it
involvement in new practices, as curriculum developers suggest (Ahmed,
1987), or reflection on beliefs and practice?

(Ernest, 1989, p. 25)
The key here is the extent to which belief change occurred - will their experiences in
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this course, and the reflections that accompanied them, be sufficiently potent to be able
to withstand difficulties encountered in their work with children as beginning teachers,
and the heavily socializing influence of colleagues, principals and parents who more
often than not continue to view mathematics education in traditional ways? The
question of the extent to which they will be able to actually practise the conclusions that
this altered view of the field dictates is one that remains outside of the scope of this
project.

Evidence regarding the extent to which individual students' beliefs paralleled social
nonns which had developed over the course of the year was taken from two types of
data. The first includes two assignments received from students toward the latter part
of the year and the other is the end-of-the-year feedback questionnaire (appendix E).
The assignments may be seen to offer a situated view of their perceptions - students
express themselves in a more contextually-based manner, indicating the external stimuli
and the internal thinking processes that led them to anive at particular conclusions. The
questionnaire provided a distilled summary of their general attitude towards
mathematics education at the end of the year. It asked the students to comment directly
on changes they experienced during course of the year, and, when compared to
previous questionnaires (Appendices B,C,D) sometimes detected changes that might
have not been directly expressed by the students.
Belief Change in My Students
In my analysis of belief change I have looked at the questionnaires and other available
data which provided evidence either of change, or lack of it, in individual students. This
data was provided mainly by the relevant questions in the third and fourth
questionnaires, in which I specifically asked the students what significant changes they
felt had occurred in their thinking, as well as a comparison of earlier questionnaires with
later ones, particularly the first with the last. The reflective reports written for their final
assignments often provided me with validation, as did freely offered written feedback
which either stood on its own or was included in the response to the article written by
Yackel et al. (1990). The main reason that this information was not available for all of
the students was either because not all filled out all of the questionnaires, or because
answers given were not sufficient to make reasonable conclusions. Altogether I found
sufficient data regarding 27 students. A general overview of the data shows that some
degree of change was in evidence in ail the students. There were two cases, Rochelle
and Tammy, where they had entered the course at the beginning of the year with a
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strong belief in a more open and flexible style of teaching in general, and a belief that
mathematics, too, could be taught in a similar way. Tammy nevertheless reports hayin o
changed in that she
C

?ev~loped a wider view of mathematics as an activity that develops thinkin o
In dIfferent areas - not only in regard to numbers.
C
Tammy
Rochelle reports that she
didn't re.ally change her views, but rather began to develop a new
perspectIve.
Rochelle
A third student, Tzila, who expressed her skepticism at many points dUling the year,
nonetheless reported change in her thinking, while expressing the need for further
clarification:
As a child for whom the experience of mathematics was difficult for me I
find that th~s approach ca!l solve many problems that I had in the past, b~t
there are stIll many questIOn left open such as "How much time should be
spent on different components of the lessons?", What comes before what and
why?", and "Where does the teacher's role begin and end?" I think that
there has been huge progress made in understanding children in the area of
mathematics and I hope that more teachers will adopt this approach.
Tzila
The categories of change that emerged from an analysis of the students' responses in
the questionnaires are: (1) a change in the degree of comfort that the students feel
regarding mathematics and their ability to teach it; (2) a change in their view of
mathematics as subject matter; (3) a change in their view of the role of the teacher and
pupil; (4) a change in the teaching methods they consider most appropriate; and (5) an
increased awareness of important teaching decisions that need to be made, and ability
to analyze or be critical of their teaching. Because the first two of these seem to go
hand in hand, often reported by the same students and often referred to together, I will
report on them in the same section.
Comfort with Inathematics and a changed view of the subject
Of the 27 students that were considered here, 10 (37%) reported change in the degree of
comfort that they felt with the subject of mathematics andlor with its teaching and 10
(37%), to a large extent the same respondents, reported on a changed yiew of what
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mathematics is. The percentage of reports of early difficulty with the subject contrasts
with the data from the pre-project questionnaire which indicated that only 15% of
respondents did not like mathematics as a subject and 15% did not feel comfortable with
the prospect of teaching mathematics in school. The results of these end-of-the year
testimonies were more in keeping with my oliginal intuitive estimate, based on personal
experience and a reading of the literature, which assumed a much larger percentage of
this population of female pre-service early childhood teachers that would feel
uncomfortable with the subject and its teaching. It would seem that in spite of the option
that I offered them of completing the pre-project questionnaire anonymously, quite a
number of the students who felt a lack of confidence regarding the subject, were loathe
to share these feelings with the woman who was to be their teacher the following year.
All of the following responses related both to their prior fear of the subject and to
either to their changed understanding of what it is or of the way it can be taught.

(Today) mathematics is less threatening to me. I enjoy doing activities with
children that are connected with mathematics.
And another thing - my view of mathematics is deeper and more allencompassing - I always remind myself how I felt when I was a child and
how children feel today when they are being taught mathematics.
Meital
Certainly)) All of a sudden mathematics is something nice and fun, an~ there
is no need to be afraid of it. I discovered that the way you playa game IS also
important.
Hilit
Yes. I understood the importance of the didactic process for the learning of
mathematics. I stopped being afraid of mathematics.
Meital
The questionnaire responses and assignments of two students in particular, Sophie and
Rose, are evidence of radical change in their attitudes, and was accompanied by marked
progress in their pedagogical content knowledge. In her answer to the question of
whether changes have occurred in her thinking during the course, Sophie answers:
Of course there have been changes. I am no longer afrai~ of te~chin& lessons
in this subject nor am I afraid of working (on mathematIcs) WIth chIldren.
Because I saw' that I can help them even with the little knowledge of
mathematics that I have.
Sophie
The question arises as to whether Sophie's feeling that she is able to help children is
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accurate or not. Her reflective report handed in as part of the final assignment
indicates that there is good reason to think that it is:
I worked ~ith a small group of children as I believe should be done in
~athe~atics. I related to t~em both as individuals and as a group, and the
Inte~aCtIo~ between the chIldren was active. I provided them with
mampulatives so they could use them if they want.
I think that t~e lesson as a ~hole wa~ sl:lccessful. At the beginning I read the
problem. and It took them tIme to wnte It, time that I didn't have. I should

have arnved prepared so as not to waste time on writing the question.
There was one girl who asked me where the second number is in the
problem because she saw only one number and was probably taught to look
for two numbers in order to build the number sentence. I told her to read the
probl~m over again. Then she discovered the thing about the ears (2). I think
that ~pr1. went through an interesting process in the lesson. She figured out
her dIffIculty on her own, and I think that strengthened her.
Sophie
Even though Sophie's knowledge of mathematics as a discipline may be as limited as
she suggests, it seems, in accordance with her evaluation, that her knowledge of
teaching the subject to young children is far from being insufficient. In her report she
relates to the importance of working closely with individual children, of interaction
between the children, and of the children being active. She attempts to analyze the
reason for the girl's difficulty, allows her to discover her own mistake, and indicates
awareness of the empowennent that this can effect in a student. From the report it is
impossible to discern the extent to which this awareness was existent before the lesson,
but it certainly was reinforced as a result of the experience. She looks critically at her
own work, analyzing both her mistakes and her successes. The quality of Sophie's report
indicates that her belief that she is capable of teaching mathematics to young children is
based on real understanding and knowledge. It also may be an indication that this
understanding and the resultant belief will be well-enough based to infOlID her work
with children in the future.
And from Rose:
I would like to say to you, as we approach the ~nd of the c~urse, t~at over
the year you provided me with a healing .exp~nence regardmg the Ide.a of
mathematics. I never managed very well m thIS area, and I guess that IS due
to the education ministry, the teaching methods and the te~ch~rs that I had.
With you I learned during the year that it is 'possib~e to do It dIfferently.
There are additional ways to teach it. By usmg. a ~It of thou~ht and a lot of
good intentions it is possible to turn mathematICS mto a magIcal and
wonderful world for everyone.
Rose
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This feedback from Rose shows an extreme change in attitude - from seeing
mathematics as threatening to seeing it as a "magical and wonderful world for
everyone". As with Sophie, this declared change is backed up by the work she did \\'ith
children at the end of the year. Her reflection on a lesson on mUltiplication in which
she gave the children the task of dividing stickers into arrays of the multiples of three
and six, shows both her understanding of the mathematical material as well as her
ability to listen to the children and allow the lesson to develop in an organic way based
on the children's own understandings.
The strateg~es which. t~e. children used to solve the task that I gave them
were g~ouping and dIVISIon of countable collections (in this case stickers).
The chIldren used the three strategies that we discussed in our class [at the
college]:
- simple multiplication
- partitive division
- measurement division
The children worked using direct representation (using the stickers) of the
multiples of 3 and 6, but they succeeded in learning a number of principles
in addition to those that I had defined for myself:
From each individual set of arrays (of multiples of 3 or of multiples of 6)
the children succeeded in concluding the commutative law by themselves:
when they changed the order of the multiplier and the multiplicand the
number sentence looks different but the result is the same.
By comparing the two sets of arrays the children learned that each num ber
in the table can be represented in more than one way, for example, 30 can be
represented as either 3xlO or 5x6.
By comparing the two arrays the children learned about remai~ders, and
about a certain regularity in the remainders ... that for each multIple of three
that divides equally by six there is one that doesn't.
By comparing the two arrays the children learned about the connection
between multiples of three and multiples of six ....
The children learned many new and important things as a .result of t~e
cooperation between them and their group work.. The recIpr?cal ennchr:n~nt
contributed to their arriving at important conclUSIOns and gUIded the achvIty
in directions that only this kind of brainstorming can do, even for young
children (not only for adults).
Rose

The knowledge of both mathematics and its teaching that Rose exhibits in this excerpt
demonstrates the validity of her belief "that by using a bit of thought and a lot of good
intentions" she is capable of teaching the subject in \vays that are significantly different
than those that she experienced as a child in school.
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It may be conjectured that for Sophie and Rose, their significant pedagogical content
knowledge may act as a solid base for their future teaching and for the further
development of well-based beliefs regarding mathematics education.
Changed roles of teachers and pupils
19 of the 27 students (70%) specifically indicated change in their view of the role of the
teacher and the pupil in the classroom. Of these there were four main categories: 6 of
the 19 (32%) related to the need to base their teaching on children's prior knmvledge
and understanding (some of which specifically related to the teacher's responsibility to
clarify what these understandings or misunderstandings are). Examples of these were:
Children need to learn the way we learned this year - learning needs to
happen through the children and through their ways of thinking.
Elinor
Not everything that is obvious to me is obvious to children. We must
understand where the child has difficulties and help to solve them by coming
from where the child is at.
Karen
We need to accept children's ideas and go along with them.
Michaela
4 of the 19 (21 %) refer to the ability of children to learn and solve problems on their
own, and the importance of allowing them to do so. Gail wrote that at the beginning she
thought that difficult problems would confuse the children and that they wouldn't be
able to solve them independently.
Today I know that problems can help them develop, and that they are
capable of dealing with them.
It's important to let children think and go through the process themselves
until they reach a solution.
Gail
Hagar felt the most important change for her was that she learned that it is possible to
let children think independently and arrive ~t the solution themselves, not to
teach them and limit them to only one solutIOn strategy.
Hagar

Anna's belief in children's ability to solve problems independently, which she
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expresses in the final questionnaire, is backed up by her reflections in her final
assignment, in which she had children solve word problems. Anna did not go along
with my suggestion that all students solve the same single problem and subsequently
explain their different solution strategies to each other, but rather decided to give each
child a different problem to solve.
.
In this activity I tried to develop the children's mathematical thinking and to
show .t~em th~t they ~ere capable of solving the problems themselves and of
explaImng theIr solutIOns to others.
I tried to get the~ to be attentiv~ to each other by giving each one a different
problem. In addItIon to the solutIOn that each child gave for his or her own
problem, I asked the others to think of different solution strategies for that
problem.
I provided the children problems, I provided them with concrete materials
and the rest they did themselves. In other words, children don't need the '
teacher to tell them if they're right or not, not only the teacher knows the
answer. The children can arrive at the solution themselves and moreover
they can gain the self-confidence that they have the ability to do so.
Anna
Anna suggests an explanation for her decision to give each child a different problem:
that this will keep up the children's interest in the lesson. She tries to ensure their
attention and active participation by asking them to think of alternative solutions to
each other's problems. She emphasizes the children's potential to work independently,
without using the teacher as an outside authority, and the benefited that can be gained by
allowing them to do so.

In the questionnaire at the end of the first semester Anna had

already written that the most important change that had taken place in her thinking was
the understanding that children can anive at solutions on their own. This train of
thought seems to have continued and developed in the course of the second semester as
well, when she specifies more clearly her view that it is not her role to decide on what
the correct strategy should be for individual children, and her understanding of the
importance of independent problem-solving for the development of autonomy and
self-confidence. The fact that Anna referred to this change in her thinking in both
questionnaires suggests its importance to her, indicating the opportunity she had to
develop and confilID this belief over time. Her belief may have been further reinforced
through the problem-solving lesson she gave at the end of the year in which the children
worked independently and in which she felt her role to have been restricted to providing
the necessary conditions for learning to take place. This well-based belief may be a sign
that Anna's future work with children will continue to reflect her learning during this
course in mathematics education.
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6 of the 19 (32%) refer to the importance of social interaction and the ability of
children to learn from each other. Donna feels it is important to encourage interaction
between the children "so they will think", Enid believes that children can learn from
their peers, and Tzila
likes group ~ork because it gives more children a chance to take part. I like
the cooperatIOn, and that a variety of opinions can be expressed.
Tzila
Shifra particularly noted the cooperation between the children in the box-sorting
activity (see Bums & Tank, 1988) that she used for the final assignment.
During the course of the activity I noticed the close cooperation that there
w~s between the members of the group. I noticed that they tried to figure
thIngs out together and even explained their ways of sorting the boxes to
each other. This activity provided each child with the opportunity to freely
express their ways of thinking without any limitations, something which in
my opinion gave them legitimacy and the desire to think. The children
learned in an informal way to recognize the different ways of sorting - of
thinking - and this time not from the adult figure but from the children
themselves.
During the activity there was a lot of thinking going on - the individual
development of thinking while they sorted the boxes, and cooperative
thinking while they were trying to guess the way the sorter had sorted .
... At the beginning I thought that the children would sort the boxes only
according to size, colour and shape, I was surprised to see that their thinking
was more open and varied, and of course more complex.
I also noticed that the adult figure was superfluous, because the children did
the activity without noticing me, the adult that was sitting with them.

Shifra

Like Anna, Shifra felt that there was no need for her intervention during the activity.
This is a radical departure from the traditionally viewed role of the teacher and indicates
a strong understanding of the potential of well-planned activities to foster children's
construction of their own knowledge. Nonetheless, while neither of them imply that
this will always be the case, it must be noted that neither of them felt the need to
mediate during the course of the activity.
Only one student, Hagar, specifically mentioned the importance of the teacher's
mediation. Although it would seem significant that in the category of a changed viev\'
of the role of the teacher only one student did so, the fact that many of the students
showed an understanding of MLE in their final assignments may somewhat offset a
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conclusion that this was not an important change in their beliefs regarding the role of the
teacher. For instance, Lois, in her response in the final questionnaire, wrote:
The most signifi~ant change in my view of mathematics teaching is that you
need to teach chIldren mathematIcs by having them, themselves, solve
problems, and on~y later teach them different techniques - in other words, to
start from the pnor knowledge of the child and not to teach according to
one method.
Lois
Although in this response Lois does not refer to mediation as being part of the role of the
teacher, she does so in her final assignment in which she taught second grade children to
playa trading game with base-ten blocks. She both incorporated the use of a number
of criteria of MLE in her planning of the lesson, and referred to it in her summary:
In this activity I saw the extent to which children can think on their own,
and I saw the great importance of the mediation that I used in the lesson.
Lois
Different and varied teaching methods
18 of the 27 (67%) students related to the issue of teaching methods. These included 2

responses which referred to the fact that it is important to teach children in the same
way that they were taught in our course, since one of the most obvious novelties of the
course was the many and diverse methods that were used. 12 of these 18 responses
(66%) relate to the changed attitude towards mathematics that these diverse activities

engender. Some of the students' responses were:
For me mathematics is no longer just dry problems but also games and
creativity. Learning math is more experiential and challenging. ( It reduces
the fear of mathematics.)
Bella
I thought there was only one correct solution and it was therefore nec~ss~ry
to teach it in a dry and monotonous way. Today I can teach mathematIcs III a
versatile way.
Gail
There are different and diverse teaching strategies. This is a more fun and
more interesting way to teach.
Orianne
It's possible to teach mathematics in such a way that it will be an experience
for the children - interesting and varied.
Rona

207
6 of the 18 responses (33%) relate to their belief that in this way children can learn
more and better. Karen's response connects the use of diverse materials with the needs
of individual children:
E:very child has a different way ,of th,ink,ing, so each needs to be taught
dIfferently - there needs to be dIverSIty m teaching methods,
Karen
In the final questionnaire Veronica testifies that:
Toda~ I a,m conscious of a variety of ways to teach mathematics in an

expenentlal way. Bec~use it?- mY,opiniot?- only by working experientially
uSIng games and the lIke, wIll chIldren lIke math and learn the subject in the
best way possible,
Veronica
Veronica's activity for her final assignment used geoboards, wooden or plastic boards
with 25 nails an-anged in a grid of 5 X 5 on which are placed elastic bands to form
geometric figures. In discussing her reasons for carrying out this activity she wrote:
First of all, in my opinion, this material varies the way in which geometry is
taught. That's the reason it is important to bring it to class - in that way it
turns geometry into something interesting and more enjoyable .. ,
I exposed the children to a variety of activities and materials, so that they
would be aware of the fact that there aren't only books and worksheets in
geometry, but there are also different games through which they can learn
the subject.
Veronica
The understanding of the importance of the use of a variety of activities and materials
for Veronica is reinforced by the fact that she reported this as being the most
significant change in the questionnaire at the end of the first semester as well. Although
this fact may seem somewhat worrisome in that it could be seen to be of a more
superficial quality than the other categories reported here, her reflective report on the
lesson, which will be reported in the following section, shows good general
understanding and an ability to think analytically about the children and critically about
her own work.
For Rona, the importance of providing children with manipulatives was brought home
to her in a problem-solving activity that she carried out with 7-8 year olds for her final
assignment. When she asked the children how many vehicles of different kinds it would
be possible to build from a certain number of wheels, she assumed that the children
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would be able to imagine the wheels in their mind and work out their solutions
abstractly. She quickly came to the conclusion that this was not the case:
.. .it's important to prepare wheels made out of paper so that it will be
co~crete fo~ the ~hlld (something that J thought would be easy for the
chIldren. to ImagIne and so J didn't prepare them at home, but on the spot J
took a pIece of paper and made them).
Rona
Michaela, on the other hand, was already aware of the necessity of providing concrete
materials. In her final assignment she reports on a game she had the children play where
she provided manipulatives so they would be able to check their answers and know
themselves whether they were right or wrong. She noted:
They can check themselves (if they made a mistake or not) with the help of
different concrete materials such as buttons, matches, etc. and by this
self-checking they discover if they arrived at the right answer.. ..

J learned a huge amount from the children about their computational
strategies. [I noticed] their hesitation about certain examples and their need
to check and be sure.
Michaela

Subsequent to the lesson Michaela may have begun to understand the importance of the
use of manipulatives from the point of view of the child's confidence. From the above
excerpt it is possible to speculate that this experience allowed her to begin to see the
role that materials can have in promoting children's autonomy - with the help of the
materials they are no longer dependent on the teacher to know whether their answers
are correct, but can check themselves.
Analytical and Critical Approach
8 of the 27 responses (30%) indicated an increased awareness of important teaching
decisions that need to be made, and the necessary analytical or critical stance that needs
to be taken in order to make those decisions.
Tzila's report of change in the questionnaire shows her awareness of the importance of
examining the degree to which activities are worthwhile as well as the ability to sit
back and think critically about what she is doing:
When I taught mathematics in the past I worked only from the curriculum - I
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did n?t come from where the children are. After our lessons I began to ask
ques~Ions such as: What are we doing this for, What can the children get out
of thIS?, Maybe they know more?
Tzila
A number of the responses related to the students' awareness that they need to put aside
their own perceptions of how to solve problems and allow the children to solve them on
their own.
In the fut~re I. will not ~ecide ahead of time what way is right or wrong, but
rather I WIll gIve the chIldren space to think independently.
Anna
Meira, also in the final questionnaire, wrote:
you need to as~ume that all children's solutions and ideas are logical. The
teacher and child together need to get to the logic behind it.
This statement may have been triggered by her experience in the final assignment, in
which she had children solve a difficult multiplication word problem. In her report she
records six different solution strategies used by the six different children who took part
in the activity. To conclude, she writes:
I did not reject any child's thinking strategy and I let them each work out the
problem the way they chose - even when it happened that one child thought
that he had done something wrong. I sat with him and we worked according
to his own strategy and we succeeded in getting to the solution.
Meira
Meira seems to have developed enough confidence in the basically logical character of
children's thinking that it allowed her to be open enough to take the time to listen to
and support the children in their solution strategies. Not only has she learned to
listen well to the children, and to put her own ways of thinking aside while they are
explaining their solutions, but she is also aware of what she is doing and seems to truly
believe that it is both possible and desirable to act in this fashion.
In her report of a lesson given in geometry for the final assignment, Veronica brings up
a number of points which show careful consideration and a good understanding of a
number of important principles:
-In this lesson I gave the children the opportunity to develop their thinkin~.
-I exposed them to a variety of activities and materials so they would realIze
that there is more to geometry than just books and worksheets.
-The activity encouraged social interaction. Children who. c,?mpleted . .
copying the model helped those who were having some dIffIculty by glvmg
them verbal instructions as to how to complete the task.
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-I e!lcouraged ~erb.alization - I asked each child who created a geometric
desIgn to descnbe It and the process of their work.
Veronica
Veronica also shows a critical attitude towards taken-for-granted assumptions and an
openness to discover unexpected abilities in children:
For this activity I chose two children who are considered "strong" in the
~lass a,~d t~ree who. are consid~red "weak". It was interesting to see that the
weak chlldren enjoyed creatmg complex geometric figures (concave
shapes), and preferred to use more than two elastics - so that it would be
difficulty for the others to figure them out. The "strong" children, on the
other hand, preferred to create simple shapes and used only two elastics.
Veronica
Although the use of more elastics on the part of the two "weaker" children may in fact
indicate a somewhat superficial understanding of complexity, the fact that the
differences in the shapes created by the different children caused Veronica to question
the accepted perceptions of the children's ability, may indicate a somewhat critical
attitude on her part.. This impression is supported by her use of quotation marks for the
words strong and weak, showing her tendency to question taken-for-granted precepts.
A number of students showed evidence of looking more critically at the material that
they used than they had previously done. Liat writes:
I see the games that children play in a more "mature" way - I see what they
can learn from them.
Liat
In the questionnaire Hagar shows evidence of looking analytically at her teaching also
in reference to games by stating that "the way you use games is also important".
There may be some doubt, however, about her ability to look critically at her own
teaching. In the final assignment she gave a group of children in pre-kindergarten the
problem of dividing thirty chocolates among 10 children. In her reflection she states that
the activity was not appropriate for those children.
I was very surprised by the children. There is no doubt that the problem was
not appropriate for their level of de~elopment..:I thought that they would
have some notion about how to begm to solve It.
One of the major problems in my opinion is that in t~is pre-school the
children have almost no opportunity to do mathematIcs ...
I learned a lot from the lack of success of this activity. Work needs to be
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done on a ~egular basi~ with all the chi~d~en, according to the age and level
of each ~hlld. Y <;m can t exp~ct an act1~lty to go well without checking first
what th~lr lev~lls. I am convmc~d that ~n, f!lY own class I will put the
emphasIs, on dIfferent mathematIcal actIvI~IeS and will work regularly on
them dunng t?e whole course of the year, Just as we learned in the course
and as I read In the article by Yackel.
Hagar
Although Hagar's evaluation of the situation may have been correct, she refrains from
looking at the way she carried out the activity. On the one hand she blames herself for
not evaluating the knowledge before she began, but she does not analyze her own
behaviour in the lesson or attempt to look for other possible reasons for its failure.
From her reflective report it does seem nevertheless that the lesson reinforced her
understanding of the responsibility of the teacher to know where the children are
coming from, and she is detern1ined in the future to both assume that responsibility
and to offer her pupils the experiences necessary in order to encourage their
mathematical development at the pre-school level.
Karen, at the end of the first semester, writes that the major change in her thinking was
the realization that it is necessary "to take into account that not everything that is
obvious to me is obvious to the child". This response would seem to indicate a critical
approach toward decisions regarding what must be done if we are to succeed in helping
children learn - we cannot simply act or explain in a way that might be appropriate for
ourselves, but need to carefully look at the child. She continues,
We must understand where the child has difficulties and help to solve them
by coming from where the child is at...Every child has a different way of
thinking so each needs to be taught differently. There needs to be diversity in
teaching methods.
Karen
Karen's response in the final questionnaire also referred to the necessity to "diversify
teaching strategies in order to make as many children as possible feel comfortable with
this subject". Although this response does not necessarily indicate a critical approach to
mathematics education, it is interesting that in her report of the lesson that the students
had planned cooperatively, Karen herself refers to the necessity of children looking at
their own work in a critical manner:
I think that asking the children questions is, an important factor in causing the
children to think critically about the operatIOns they perform.
Karen
In the lesson she gave for her final assignment of the year Karen, along with Elinor,
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created a game requiring strategic thinking called "Rectangle Race". When they played
the game with children they were able to analyze its successful and less successful
features and subsequently modified it in accordance with their findings. This would
seem to be another indication of Karen's awareness of the necessity to think critically as
well as her ability to do so.
Summary
From an analysis of the data it would seem that quite a bit of progress occurred in the
development of many of the students' thinking toward a social constructivist vie\\' of
mathematics education. Only one student (Tzila) expressed reservations regarding the
degree to which she understands and therefore fully accepts many of the claims of this
approach. Two students, Rochelle and Tamar, held views of education in general that
led them to expect a different approach to mathematics education. Rather than reporting
change in their views, they felt that the year had provided them with an approach which
was in keeping with their prior beliefs. All the other students for whom there was
sufficient data, both report and show evidence of change in their beliefs regarding
mathematics education.
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CHAPTER NINE

REFLECTIONS ON MY LEARNING
At a distance from that intense and dizzying year of my research, I can look at my
teaching and conclude that many of the hoped-for improvements in my practice did in
fact take place. Since that time I have experienced a growing feeling of expertise, one
which has allowed me to feel increasingly comfortable and self-confident as a teacher of
teachers and as a professional mathematics educator. This occurred not only in those
areas which were the explicit goals of my research, butalso in my more general ability
to interact with a class of students during the course of a lesson. Somekh's description of
how action research changed her teaching practice echoes my experience as well:
Action research provided me with a mechanism for managing change in my
own classroom. It put me in control. It enabled me to use my intellect to
understand the process of teaching and my own role in students' learning ...
Action research ... provided me with a model of change which embodied
principles of ownership and teacher professionalism, and was grounded in
theories of individual and group behaviour derived from research (e.g.
Lewin 1952; Schon 1983).
(Somekh, 2000, p. 112-113)
At this stage in my development, as a result of my experientialleaming and contributing
to it, the literature on reflection has taken on new significance. In order to identify and
understand the roots of this learning, therefore, I feel it necessary to take a look once
again at the Ii terature.
Reflection-in-Action
Eraut uses the term 'metaprocesses' to describe the thought processes involved in
professional practice, distinguishing between those that occur in immediate interactive
situations , and those that occur when there is time to reflect quietly on these interactions.
Controlling one's behaviour involves the evaluation of what Ol~e is d.oing and
thinking, the continuing redefinition ~f prioritie~ , and t.he.crucIaI.adJustment
of cognitive frameworks and assumptl~:ms ... Dun~g rapId m~eractlO~ sel.fdirection is necessarily intuitive, drawmg 0!l pre'.'lOus .e~penence WIth httle
deliberation. But when there is time for delIberatlon, It mvolves overall
control of one's thinking, the informal scheduling of the d~liberation,.its
conceptualization as a problem and as a process, and ongomg evaluatIon of
its progress.
(Eraut, 1994, p. 115)
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This description would seem to recall Schon's distinction between two kinds of
practitioner reflection: reflection-in-action and reflection-on-action. Reflection-in-action
refers to practitioners' thought processes that take place within the framework of
present action, while reflection-on-action refers to those that happen at a distance from
that action. Although, intuitively, differentiating between these processes in tem1S of
the tilne framework described by Eraut seems reasonable and obvious, Schon's
meaning is different. He describes reflection-in-action thus:
A practitioner's reflection-in-action may not be very rapid. It is bounded by
the "action-present," the zone of time in which action can still make a
difference to the situation. The action-present may stretch over minutes,
hours, days, or even weeks or months, depending on the pace of activity and
the situational boundaries that are characteristic of that practice.
(Schon, 1983,p.62)
Schon's first and primary goal is the differentiation between what he calls technical
rationality - the cold and logical attempt to understand professional practice based on
academic theory, and the practitioner's attempt to understand his or her own practice
based on first-hand, complex real-life experience. He uses the term "swampy
lowlands" to distinguish between the problems addressed by practitioners who choose
to confront the problems of real-life situations and those who concern themselves only
with problems addressed by rational, research-based considerations.
There are those who choose the swampy lowlands. They deliberately involve
themselves in messy but crucially important problems and, when asked to
describe their methods of inquiry, they speak of experience, trial and error,
intuition and muddling through.
(Schon, 1983,p.43)
The teaching instances Schon considers in the development of his theory are all
examples of experienced professionals coaching novices on a one-to-one basis. He
examines neither the situation of the classroom teacher faced with thirty children nor
that of the teacher educator educating whole classes of future teachers. Nonetheless,
possibly partly because of the evocativeness of the term "swampy lowlands", Schon's
theory has drawn the attention of many educators concerned with classroom teaching.
There would seem to be no better metaphor than that of a swampy lowland when
considering the interactive teaching of a class. The term seems eminently appropliate
both for the time-frame of interactive teaching and for the problems encountered within

it
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Nor does Schon consider the case of classroom teachers attempting to improve their
practice.
...in spite o~ the intuit~ve, appeal ?f S~~on' s w.ork, to standard school settings
~nd the O~VlOuS descnptIve apphc~bIhty of hIS VIew to classroom practice, it
IS not entIrely clear how a teacher l~proves practice by reflecting-in-action.
!'A0re c.entrally, how does a teacher Improve reflection-in-action? The
Immedla~y, pace and complex~t~ of classroom life with thirty to thirty-five
st~dents IS such that a teacher IS. m a consta!1t state of acting and reacting.
GIven the press of a classroom, If a teacher s concepts (metaphors, images,
~nderstandlngs, constructs, etc.) for reflecting in action are narrow or
madequate, where is there a chance for their consideration?
(Kilbourne, 1988, p. 93)
The main difficulty for teachers in the way Schon conceptualizes the notion of
reflection-in-action may be the fact that it includes both the interactive moment of
practice as well as the quiet moments in between when it becomes possible to engage in
less urgent reflective thought. His main criterion for reflection-in-action is its potential
to affect ongoing action, whether that happens in the space of a few minutes or a few
months. Thus, relatively quiet reflection in moments of calm would often seem to more
closely resemble reflection-on-action (Eraut, 1995). Eraut tries to find a solution to the
problem by suggesting that if one looks at the word "in" in reflection-in-action as
indicating context rather than time-frame, it would not be necessary to see reflection-inaction and reflection-on-action as opposites.
The preposition on should refer to the focus of the reflection while the
preposition in refers to the context of reflection ... Reflection-in-action and
reflection-on-action are not dichotomous opposites, indeed reflection-inaction is usually (though not always) on the action as well ... O'Hanlon (1992)
argues that it is reflection on action and for learning linked to future action
that characterizes action research, not reflection-in-action or on-the-spot
experiment.
(Eraut, 1995, p. 16)
While this would seem a potentially fruitful solution to the confusion caused by Schon's
choice of telms, it does not address the problem as I experienced it. While I agree with
O'Hanlon that it is reflection on action that can affect future action, for myself the holy
grail of my teaching was to develop the ability to better reflect while in the midst of my
interactive teaching. My own experience of reflection-in-action had included numerous
insights gained by the systematic writing of my journal, which I had the privilege to
expelience as a result of my action research, as well as sporadic insights arrived at in
the course of my interactive teaching. I needed to learn to more consistently reflect-inaction in my interactive teaching. What was lacking for me in Schon's description of
practitioner reflection, therefore, was the distinction that needed to be made between the
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true swampy lowlands of interactive classroom teaching, and the quiet(er) situation of
journal writing at the end of the day.

Van Manen (1991) provides an alternative restructuring of the reflection process which
addresses the issue of time and more closely coincides with my own needs and
perceptions.
Mindfulness
Van Manen delineates four forms of reflection which educators carry out in their
educational role: anticipatory reflection which allows us to consciously and deliberately
plan educational scenarios; active or interactive reflection, equated with reflection-inaction, which allows us to consider contingencies of a particular situation or problem
with which we are confronted; recollective reflection, which allows us to come to deeper
understanding of our past experience, and, finally, mindfulness, which, like reflectionin-action, relates to the interactive pedagogical moment, but is "a different type of
reflecti vi ty":
In the immediacy of our actions, reflection does not occur in moments of
intelTUpted stop-and-think action, neither does it occur parallel with our
action. In other words, instant action is not usually produced by reflection.
Yet this interactive experience or 'rush' itself may be mindful.
(Van Manen, 1991, p. 513)
Van Manen holds that this type of reflectivity is structurally different from other kinds
of reflection.
The experience of thoughtful pedagogical actio~ in pedagogical situat.ions
has a peculiar structure. It is neither largely habItual no~ pr?blem s.olvlll~,
neither intellectual nor corporeal, neither purely reflectlve.lll a ~ehberatIVe
sense nor simply spontaneous or arbitrary. T~oughtful a~tIon dlff~rs from
reflective action in that it is thinkingly attentIve to what It does WIthout
reflectively distancing itself from the situation by considering or
.
experimenting with possible alternatives and consequences of the actIOn.
Living the pedagogical moment is a total personal response or .thoughtful
action in a particular situation. So when we come to tactful actIOn, rather
than say that it is 'reflective' we should say that tactful action is 'thoughtful'
in the sense of 'mindful' .
(ibid., p. 515)

A further description illustrates his concept more fully.
No matter how well I have planned my lesson, or how enthusiastic I am
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about the subject matter, the interactive situation in the classroom is such
that I must.constantly remain aware of how it is for the students ... and yet this
aware~ess IS more. a thoughtfulness than a calculating or deliberative
r~f1ec1:Iveness, whIch would put one equally out of touch with the students,
~lnce that would c~eate a distance that accompanies any manipulative
Interpersonal relatIon between teacher and students. So as I interact wi th the
student~ I !!lust maintain an authentic presence and personal relationship for
them ... llfe III classrooms is contingent, every moment is situation-specific.
(ibid., p. 518)
Van Manen's construct of mindfulness coincides with my own experience in that it sees
the thought processes involved in interactive teaching and the reflection of more
distanced journal writing as two separate and different forms of reflection, each with its
own demands. Also, my experience of my teaching after the conclusion of my
classroom research, so different from at its inception, coincides with the picture that
he portrays. Assuming that these changes did indeed come about as a result of my action
research, the question remains as to how this may have actually occurred.
Approaching Mindfulness
I would like to hypothesize two paths that my learning may have taken which
eventually led to more mindful teaching. The first is that of the explicit learning that I
achieved through my conscious reflection in the course of my self study action research.
Eraut, following Kolb (1984) refers to this as experiential learning, learning which
.. .involves deriving explicit knowledge through reflection on experiences
which might otherwise remain in episodic memory and be used only tacitly.
(Eraut, 1998, p. 12)
This explicit learning would seem to have largely revolved around the questions with
which I originally approached my research, as well as those that I began to focus on
during its course. The other is the path of the implicit learning that I seem to have
achieved during this same period and immediately following it. Evidence of this
learning lies in the fact that at the end of the period of time during which I conducted the
research my teaching seemed to have improved in ways and to a degree that could not
be accounted for by the subjects that I had studied. Reber articulates one of the classic
elements of iinplicit learning:
Implicitly acquired knowledge is responsib~e for perfonnance that goes.
beyond, as it were, what estimates of conscIOUS knowledge would predICt.
(Reber, 1993, p. 40)
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The explicit learning that took place, which has been discussed in the body of the thesis,
will first be briefly summarized. The implicit learning that seems to have taken place,
of which I became cognizant only at the conclusion of my research, will then be
touched on.

My Explicit Learning

The explicit learning that came about as a result of this project may be divided into two
categories: practical learning that has helped and continues to help me develop and
improve my teaching, and theoretical learning which I find important for the
understanding of the process of teacher education, and which also affects my teaching,
but on a more general level.

Schon's account of problem setting would seem to be an appropriate opening to a
discussion my explicit, practical learning. Problem setting, according to Schon, is
... the process by which we define the decisions to be made, the ends to be
achieved, the means which may be chosen. In real-world practice problems
do not present themselves to the practitioner as givens. They must be
constructed from the materials of problematic situations which are puzzling,
troubling and uncertain. In order to convert a problematic situation to a
problem, a practitioner must do a certain kind of work. He must make sense
of an uncertain situation that initially makes no sense.
(Schon, 1983, p. 40)
In my quest to find ways to improve my practice I identified uncomfortable and vexing
situations in my work, attempted to define the factors which caused them, and chose the
means which logically seemed to provide potential solutions. This process was
consciously contrived, carried out, and brought to some kind of conclusion. Conscious
reflection on the lessons that I taught during the course of the year seems to have led to
greater knowing-in-action (Schon, 1987, p. 25) regarding those specific issues that I
had identified as objects of my research.
When we set the problem, we select what we will treat as the "things" of t~e
situation we set the boundaries of our attention to it, and we impose upon It
a cohere~ce which allows us to say what is wrong and in what directions the
situation needs to be changed. Problem setting is a process in \vhich,
interactively, we name the things to which we will attend and jrmne the
context in which we will attend to them.
(Schon, 1983,p.40)

219

When I began this research project I had been teaching at the teachers college for about
three years. In addition to the successes of those first few years, and the satisfaction that
accompanied them, I experienced difficulties in my teaching which I felt quite at a loss
to solve. Although I was doing my best to teach in accordance with the educational
principles in which I strongly believed, there were many instances in which I felt I did
not succeed. The main reason for this was, I felt, the difficulty of teaching early
childhood subject matter in a way that could be challenging and involving for adults. I
had envisioned and made many attempts to put into practice one particular solution
strategy: devising activities for my students which were parallel in their content, and in
the difficulties they posed for adults, to activities appropriate for young children. From
my present point of view I can see that my feelings of frustration at the time stemmed, at
least in part, from the lack of tools at my disposal which could assist me in devising
additional, possibly easier and more effective solutions to this problem.
My experience conducting action research has introduced me to ways of thinking and
acting which enable me to deal more effectively with the challenges posed by the
character of the subject matter which I teach, and to identify and begin to solve
additional problems of my teaching. I have become aware of ways in which I
experience myself as a living contradiction - holding certain values and yet acting in
ways that contradict them. One major advantage of this understanding is the
realization that I no longer need to wish my teaching problems away - I now have the
tools to confront them and deal with them in an intelligent and effective way. The result
has been an improved fit between the values I hold to be important and those that I
actually live by in my practice, as well as a strong feeling of empowerment in my
work and in my personal life as well.
There are two particularly useful tools that I acquired as a result of my research. The
first is the use of the reflective journal as a problem-solving tool. Systematic reflection
on my teaching during my research enabled me to be constantly mindful of the needs
of my students and of the classroom situation at any particular point in time, and
provided me with the opportunity to consider problems which arose and to imagine and
plan possible solution strategies. Although the daily demands of my teaching today do
not generally allow me to take the time to reflect in writing, the periodic use of journal
writing in order to solve particular problems of practice makes their resolution possible
and the attempt to do so reasonably convenient. Again, for myself, one major benefit of
this has been the resultant feeling of control over my work, a feeling which affects my
teaching on a daily basis.
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The criteria of Mediated Learning Experience (Feuerstein & Feuerstein, 1991) have
provided me with a second tool that allows me to learn from my teaching. I have found
that the analysis of my teaching with the help of these criteria, whether from a more
general point of view or in looking at particular situations, is extremely useful, both as
an aid in judging the effectiveness of my teaching and as a guide in helping me to
increase that effectiveness. In terms of convenience, the criteria are remarkable. Having
learned their significance and having internalized the specific meaning of each
parameter, I can now use them as a readily available litmus test of the effectiveness of
my teaching.
On a theoretical level, I have developed an understanding of the importance of utilizing
both existing theory and practical experience in the search for solutions to practical
problems. Theory as it is generally understood in the traditional realms of educational
research (psychology, sociology, philosophy) can be helpful within limits. But attempts
at transporting this theory in one block to the problems of practical reality, as well as
attempts at achieving consistency in the understanding and utilization of this theory,
are not suitable for dealing with the practical problems of teaching. This is due partly to
their lack of connection with any particular contextual reality, and partly because of the
necessity of looking at complex reality from many different perspectives, something that
anyone theory cannot do
... an important thing to remember about theories is that they may show
different aspects of the same Reality. Because there is no one 'best' theory,
we may need several rather different -looking theories about the same
phenomenon in order to account for it.
(Claxton, 1984, p. 4)
Clinging to one theory may thus lead to areas of blindness which will prevent
practitioners from taking into account important factors in their attempts to improve
their practice. For a teacher researcher whose goal was to improve the quality, and
thereby the effectiveness, of my teaching, in whatever way this could be possible,
claims for the exclusivity and consistency of constructivist theory on the one hand, and
situated learning theory on the other, (Lerman, 1994; Lave, 1988) could be counterproductive. These arguments, which saw the theories as conflicting and therefore
incompatible in one theoretical framework, I felt, would lead to the exclusion of insights
which could contribute in important ways to the improvement of my practice. Seeing
the understandings that different theories engender as relating to different facets of a
complex reality, leading to a more inclusive and integrative view of theory as it relates
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to practice, allows the practitioner to take advantage of the important contributions of
each rather than excluding one theory in favour of another.
... t~e scientist and th~ learner differ somewhat in their primary goal and in
theIr m?dus operandl. The research scientist's main concern about this
th~o~~ IS: Is i~ true? His job is to seek or construct any situation, howeyer
art1fICl~1 or .bIzarre, that will reveal the limits or the flaws of his theory. The
learner s pn~ary concern, o? the other hand, is very much the utility of his
theo~y: Do~s It ~ork? Does It do the job it is supposed to do under the
condItIons III WhICh it was designed to do it?
(Claxton, 1984, p. 21)
This would seem to be consistent with Whitehead, who holds that practitioners, in
attempting to improve their practice, are in need of a living fonn of theory in order to
address questions of the type 'How do I improve this process of education here?' He
holds that theory, when stated in the propositional fOlm of 'if...then' masks the living,
dialogical approach in which the practitioner researcher experiences the negation of her
or his own values within her or his own practice.

Human beings and society are complex entities that cannot be accounted for by a single,
consistent theory. When the aim is to improve practice, enlightenment must be sought
from whatever sources are available. The attempt to see the world through one
consistent theory may be tantamount to putting blinders on our eyes that will prevent us
from seeing both important problems and their potential solutions. Fortunately, it seems
that the difficulties I encountered in my attempts at the outset of my research to
reconcile the theories of situated learning and radical constructivism did not allow me to
close off avenues of thought that were reievant and important to my work.

My Implicit Learning
A year after I had concluded the constructive stage of my research, the mathematics
department of the college was moved to temporary quarters where the physical
attributes of the classrooms should have made successful teaching that much more
difficult. One room in particular was very wide and shallow, causing me to feel that I
needed to constantly move from one side of the room to the other in order to ensure that
all students took part. I emerged from my first lesson in that classroom triumphant. In
spite of the objectively difficult circumstances, I felt that I had control of the class as I
had never had before. In the following lessons I continued to feel the same \vay.
Problems of discipline that so often plague Israeli classrooms both in the earlier school
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years and in higher education had often stymied me and led to great frustration. Now,
seemingly miraculously, they had almost disappeared. I began to feel as I imagine a true
professional must feel When plying his or her trade.

Although I feel that I may be able to describe some of the abilities I have acquired, that
is not the case regarding the processes by which much of this learning came about. It is
clear that my reflections during the research process had an enormous effect on my
teaching. The quantum leap I made in my teaching ability, however, would be difficult
to ascribe to that conscious learning. A process of implicit learning was clearly at play
in this development. Reber defines implicit learning thus:

~mplicit learning is the ~cquisition of knowledge which takes place largely
mdep~ndently of conSCIOUS attempts to learn and largely in the absence of
explICIt knowledge about what was acquired.
(Reber, 1993, p. 5)
Clinical psychological experiments done by Reber (1993) and Berry & Dienes (1993)
show that subjects exposed to various artificially structured situations, without being
informed that any structure existed and therefore without making any conscious attempt
to discover that structure, were subsequently able to identify exemplars or predict future
occurrences. These included experiments with artificial grammars and probability
experiments as well as more life-like situations. These experiments show in a striking
way the ability that human beings have to "utilize the structural relationships inherent in
... complex stimulus domains" (Reber, 1993, p. 45), simply by being immersed in these
situations.
Reber argues for the primacy of this implicit learning. Although he holds that implicit
and explicit learning go hand in hand, he sees implicit learning as being the natural,
default position.
Taken together, these experiments lend general support to the'proposition
that implicit lemning functions by the in~uc~io? of an unde~lymg
representation that mirrors the structure mtnnsic t? t~e environm~nt. ~uch an
induction process takes place naturall~ w.hen. one IS Sll~ply attendmg m an
unbiased manner to the patterns of vanatIOn m the ~nvironmen~ o~ when one
is provided with an orientation that is coordinate WIth these vanatIOns.
(Reber, 1993 p. 61)
Reber also points to the advantage that implicit learning has over more conscious
attempts in regard to the ease with which such learning can be transferred to other
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The induct~on routine that appears to be operating in situations such as these
IS nece~sanly one tha~ r~sults m a~ abstract representation. Moreover, it can
be apphc~ble to classIfymg n.o.vel mstances and not specifically
charactenzable by raw compIlmg of experienced instances.
This issue.is one of considerab!e complexity. The point of the preceding
arg:u ment IS not that all memonal systems must be viewed as being founded
on ll'l:duced abstra.ctions. The evidence of Brooks (1978) and others (cf.
Medm, 1?89; S~It? & M~din, 1~81) shows that memories are frequently
~ased on mstantIalIons, fairly umnterpreted representations of the stimulus
Inputs. T~e point is ~hat when implicit acquisition processes are operating,
the resultmg memonal system is abstract.
(Reber, 1993,p.57)
Another attribute of implicit learning that is relevant here is its robustness:
One of the more compelling discoveries about unconscious cognitive
processes is that they tend to be more robust than explicit cognitive
processes; they typically survive neurological and psychological insults that
compromise conscious, explicit processes.
(Ibid., p. 18)
It would seem that the multiple experiences which I underwent as part of my action

research could not help but result in a substantial amount of implicit learning in a
relatively short period of time. Eraut (1998) makes the connection between experience,
memory and implicit learning. In his model the linkage of past memories with current
expenence
.. .is there because the effects can only be explained as resulting from the
accumulated experiences of several episodes rather than that of a single
event. But there is no conscious awareness of the memories of these episodes
having been combined to form a tacit knowledge base which enables future
action.
(Eraut, 1998, p. 3)
In tandem with the explicit learning of my research, and made more significant because
of the primacy aspects discussed by Reber, it would seem that implicit processes might
well explain the great strides that I took in my teaching as a result of this research.
From a situated point of view, my development was a product of the context in which I
was living and working, largely tacit in nature.
Development involves individual effort or tendencies as well as sociocultural
context in which the individual is embedded.
(Rogoff, 1990, . 28)
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Today, I still experience myself as a living contradiction whose values continue to be
negated in my practice. In general, however, when confronted with problems in my
teaching I no longer feel helpless. In my interactive teaching I have achieved a level of
knowing-in-action which makes possible a new kind of mindfulness. The confidence I
have developed as a result of having learned to reflect in-action and on-action allov\'s
me to view difficulties as challenging, food for thought, and the seeds of future change.
Having completed this dissertation I am now at the point where I am ready to take my
knowledge-in-action further through the enactment of a new action research project. I
have identified more contradictions and am beginning to envision paths to their
solution. And so on ...
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Appendix A

David Yellin Teachers College
Course Description - 1997-1998
Name of Course: Didactics of Mathematics for Early Childhood
Name of Teacher: Rachel Deitcher
Semesters: A & B
Hours: 2
Goals: a. Understanding children's mathematical thinking
b.Understanding the processes of mathematical problem solving
c. Developing of reflective thinking and a critical attitude towards
mathematics teaching
d. Familiarization with constructivist theory
e. Teaching methods that encourage children's construction of their own
understandings
f. Familiarization and use of mathematics manipulatives and games
g. Integration of alternative assessment procedures within dail,Y
mathematics work
h. Familiarization with Feuerstein's theory of Mediated Learning
Experience
Course Content:
Module 1
a. The development of logico-mathematical thinking
b. The conceptual development of children between the ages of 4 and 7
c. Graphs and diagrams
d. MLE - the basic criteria
Module 2
e. The development of number sense in children
,
conservation of number; counting; estimation; the whole and Its parts;
addition and subtraction
f. The use of games
g. MLE - additional parameters
Module 3
h.Mathematical problem-solving
i. Pattern
j. Multiplication and Division
k.The base-ten system
Module 4
1. Comparison and measurement
m. Spatial perception
"
n. Two-dimensional and three-dImensIOnal shapes
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Instructional Methods:
a. Participation in experiential mathematical activity
b. Critical reflection on pedagogical issues - practical and theoretical
c. The use of MLE in the analysis of one's own mathematics teaching
and that of teachers and fellow student teachers
d. Lectures on chosen topics in mathematics education
Requirements:
a. Active participation in lessons
b.Teaching mathematics lessons in field placement classes as part of the
regular student teaching framework, and reflective reports on four of
these lessons
c. Reading assigned texts and reflective reports on some of these

246

Appendix B
Pre-Project Questionnaire - June, 1997
Th.e !ollowing i~ a

questionn~ire that relates to your experience with and

oplmo~~ r~gar~mg mathematIcs. Its pUrpose is to help in the preparation of the
c~urse I?Idac~lCs o~ Early Childhood Mathematics". Signing your names on

t e qUestlOnnalfe wIll help me to get to know you, but is not essential.

In the ,9uestions for which a scale from 1 to 5 is provided, 5 means "'to a great
extent and 1 means "not at all''.
..
1. I like mathematics.

1

3

4

5

3

4

5

3

4

5

2. In general, I liked mathematics classes in elementary school.
1

3. In general, I liked mathematics classes in high school.
1

4. I feel comfortable with the idea of teaching mathematics in school.
1

2

3

4

5

5. In the pre-school where I worked this year they dealt with mathematical
concepts:
1

3

4

5

6. In the following, two sorts of teachers are presented. Read the two texts and
then comment on the positive and negative points of each one.
A) The first teacher, Nitza, likes mathematics and enjoys teaching it. She
begins her lessons with explanation given to the whole class together. She then
invites a few children to the blackboard to solve a problem while the others are
watching, and asks the class whether they agree that the solution is correct.
Finally she has the children work individually in their workbooks, each at their
own speed.
B) The second teacher, Gila, has the children sit in groups according to the
subject that they choose to study on that day. There are various manipulatives
put out at each table. While working on the tasks the children consult with each
other. Towards the end of the lesson Gila asks the different groups to report on
the work they have done.
Your Comments: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

7. What expectations or requests do you have regarding the course "Didactics
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of Mathematics for Early Childhood"? _ _ _ _ _ _ _ _ _ _ _ _ __
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Appendix C

Beginning-of-Year Questionnaire - November, 1997
This questionnaire is meant to supply me with information about your field
placements in the schools - both the objective and the subjective conditions.
Field placement: Name of School _ _ _ _ _ _ Grade _ __
Teacher's Name

-----------------------

l.Describe in brief a typical mathematics lesson in your class.

2. To what extent are the mathematics lessons in your class in accordance with
3

1

your expectations?

5

4

high
low
Please Explain._______________________

4. What aspects of the lessons have made a particular impression on you?

5. To what extent do the children show interest in the lessons?
1
2
3
4
low

5

high

6. Circle the portion of children that:
a. raise their hands

many

some

few

b. seem to be listening

many

some

few

c. actively participate

many

some

few

d. ask questions
e. seem to be excited about the subject

many

some

few

many

some

fe\\'

7. Do you take an active part in the lesson?

Yes / No

Please e x p l a i n _ - - - - - - - - - - - - - - - - - - - - - - -
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8. Are you satisfied with your role?
Yes / No
Please explain_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Appendix D

Feedback on First Semester

l. What is the most important thing that you have learned since the beginning
of the year?

2. Note two activities that made the greatest impression on you.

3. Have you changed your mind regarding any issues since the beginning of the
year? If so, what was the most significant change?

4. What ideas that you learned in the course have you put into practice with
children?

5. What changes would like to see in the way the course is run?

Con1ments:__________________________________________________
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Appendix E

End-of-Year Feedback

1. Have there been any changes in your perceptions of mathematics education
during the course of the year? If so, what were they?

2. Do you feel that the learning strategies you experienced in this course will
be appropriate for your work with children? Explain.

3. Note three educational principles that you considered during the course that
seem to you most important and that you are determined not to give up on in
your work with children.

4. Do you have any suggestions for improving the course in the future?
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Appendix F

Instructions for Lesson Reporter

Whole-Class Work
I am interested mainly in a report of the interactions between myself and the
students. What is most important to me at this stage is the way in \vhich I
provide mediated learning experiences - where did I mediate, what kind of
mediation did I use, what in your opinion was its effect?
In addition to this I am interested in knowing how I accept and react to issues
that you raise. Do I allow you to express yourselves, do I really listen to what
you are saying, do I take advantage of your comments during the lesson, a how
do I react when you don't understand something? The details of the content that
we are working on in the lesson interest me only to the extent that they are
relevant to our interactions.
Small-Group Work
Here I would like you to concentrate on the interactions between the students.
Do the participants mediate for each other, who initiates the activity, who takes
responsibility for the continuation of the work, is everyone participating, what
roles do the different students take (who keeps notes, who reports on the work,
who organizes the matelials, who represents the group if there are questions).

