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In this research, the classroom community is viewed from a social-constructivist
perspective where the instructional approach affects both how the children learn
mathematics and how the student teachers learn for teaching mathematics.The classroom
teaching experiment is used to look closely at the nature of that community of learners
(Cobb,et al, 1991; Hiebert & Wearne, 1993).

Introduction
The student teaching practicum is a significant feature of elementary pre-service teacher education.

Mathematics educators often suspect that this practicum serves to reinforce the narrower, computation-
oriented, approach to mathematics and doesn't contribute to those reform efforts which put more emphasis
on problem-solving and higher-order thinking strategies. This research was an attempt to document the
connection between the way children were constructing mathematics in the second grade and the way the
student teachers were constructing their knowledge base. It looks at how student teachers integrate their
formal and informal knowledge of mathematics and mathematics pedagogy with the reality of the second
grade classroom. This research report is based on the author's doctoral dissertation (Shane, 1996). It was
supported by the Research Committee of Mahon Mofet, the Israel Ministry of Education and Culture, in
1995 and by the Research Committee of the Kaye College of Education in 1994-95 and 1995-96.

The research reported here was conducted in Beersheva, Israel, in 1994-95. Two student teachers were
assigned to two second grade classrooms in one school where the mentoring teachers agreed to teach
mathematics from a constructivist perspective,. Their approach was significantly different from the
conventional classroom. Emphasis was on problem-solving, encouraging children's personal thinking
strategies, and building the formal mathematics on the children's intuitive knowledge. Two student teachers
from the same pre-service program (third year, early childhood majors), were assigned to two second grade
classrooms in a different school where the mathematics instruction was conventional.

The research program included a qualitative documentation and analysis of the instructional approach,
the children's mathematical understandings, and the student teachers' knowledge. This research report
focuses on the student teachers' knowledge. The results of this case study address the issue of how student
teachers in two different mathematical environments construct their knowledge about the key questions:
What is mathematics all about? What does it mean to teach mathematics in school?

Background for the Problem
The reform movement in mathematics education

There is general agreement among math educators in this age of hand calculators and accessible,
sophisticated computer power, that computational skills are not the main goal of the elementary school
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mathematics curriculum. Children have to develop a way of thinking compatible with higher order
mathematical processes so that technology becomes their tool' and not their substitute. Redefining the goals
of the elementary mathematics program was therefore the major task on the reform agenda of the 1980's.
The National Council of Teachers of Mathematics in the United States published the Curriculum and
Evaluation Standards (1989) as a comprehensive statement of the rationale and description of a new vision
of the contents of school mathematics, K-12.

What characterizes the goals of this reform agenda? The points made in the Standards (1989)
include:

Increased emphasis on number sense, problem-solving strategies, relationships-concepts-reasoning
Decreased emphasis on complex paper-and-pencil computations, isolated treatment of facts

Increased emphasis on communication, cooperative work, justification of thinking
Decreased emphasis on rote practice, one answer and one method, teaching by telling

(pp.20-21)

These Standards provided the basis for the instructional approach in.the "classroom teaching experiment."
The research focused on how the children built their knowledge of mathematics in such a setting and what
the student teachers learned about teaching mathematics.

THEORETICAL BACKGROUND
The theoretical background presents the relevant research literature from four areas:

On knowing mathematics
Learning mathematics in the classroom
Teacher knowledge
Learning to teach mathematics

On knowing mathematics
A study which examines the construction of knowledge in the math classroom is necessarily premised

on a conception of what it means to know mathematics. In the last fifteen years researchers have-been
looking at the interconnectedness of the different modes of mathematical "knowing."

Ball (1990) defines mathematical knowledge in the following manner:
Substantive knowledge - understanding mathematical topics, procedures, and the connections between them

(what is usually considered subject-matter knowledge)
Syntactical knowledge knowledge about the nature and discourse of mathematics: what counts as a

solution? as a proof? what ideas are arbitrary and what are logical?
Hiebert & Lefevre(1986) define the terms, "procedural" and "conceptual" knowledge as two

potentially complementary goals. Procedural knowledge includes the standard algorithms, rules and
procedures, for solving problems; conceptual knowledge is rich in the connections which give meaning and
power to mathematical concepts. Ginsburg & 'Allardice (1984) make a distinction between informal
knowledge of mathematics which children acquire outside of school and the formal knowledge of
mathematics which is taught in school. They recommend using the intuitive knowledge as a cognitive
scaffold for building the formal knowledge.

In this research, knowledge of mathematics is interpreted from these theoretical perspectives. The
results examine evidence of the construction of substantive and syntactic knowledge, procedural and
conceptual knowledge, and the interplay of informal and formal knowledge.

Learning mathematics: A social-constructivist approach
The nature of mathematical knowledge is integrally bound to the theory of how knowledge is learned.

Piaget's constructivist theory has been the significant paradigm for theories of learning mathematics in the
last ten years. Constructivism puts the emphasis on the individual's learning as a growing organism,
assimilating and accommodating experiences which interact with his personal maturation. Increasing
attention to Vygotsky's sociocultural theory of learning has begun to impact the community of
mathematics education. For Vygotsky, learning takes place in a social context through interaction with
peers and adults with particular importance played by language. The emphasis for Vygotsky is on beIng

2

4



enculturated into the mathematical community. Cobb (1994) analyzes the two views and finds them
complementary.

The research group of Cobb, Wood, Yackel, et al, (1991), developed a classroom teaching experiment
in second grade to examine the learning of mathematics from this social constructivist perspective. Their
research focused on creating a classroom environment which would allow for the examination of small-
group interaction, communication, and cooperative problem-solving. Their research results document the
negotiation of shared-meaning as well as the individual construction of knowledge through problem-solving
activities. It is this social constructivist theory of the children learning mathematics and the student teachers
learning about teaching mathematics which informs this research.

Teacher knowledge
In order to collect and interpret data on student teachers constructing a knowledge base for teaching

mathematics, there must be an understanding of what is an appropriate knowledge base for teaching
mathematics. Knowledge for teaching mathematics was traditionally seen as the combination of subject-
matter knowledge and general pedagogic knowledge. Shulman (1986) posited the third dimension of that
knowledge base: pedagogical content knowledge. He explains that general generic knowledge about teaching
is not sufficient without the particular repertoire of understandings, representations, examples, and insight
into the specific subject matter.

Where do teachers develop their knowledge for teaching? Several researchers have cited the classroom
as one of the significant arenas which stimulate the development of teacher knowledge. Given the recent
interest in the teacher as reflective practitioner, naturally the classroom provides the stimulus for reflection-
in-action and reflection-on-action. Fennema, Carpenter, et al, (1996) present evidence from long-term
research data where teachers learn about teaching mathematics from their teaching. Cobb et al(1991;) present
the same view:

The view we are advancing proposes that teachers' learning is an ongoing, long-term process and that
their classroom experiences are a crucial source of pedagogical problems whose resolution involves the
reorganization of their knowledge and beliefs about learning and teaching....(p.8)

The research design was intrinsically related to this view, that knowledge is being constructed by the
student teacher from teaching in the mathematics classroom. The issue was to relate the nature of that
knowledge to the particular instructional approach. Does an instructional approach which by definition
encourages more reflection by the children on their mathematical activity also promote more reflection by
the student teachers on the mathematics and the mathematics pedagogy?

Learning to teach mathematics: the role of the practicum
In mathematics education very little research has been done to closely examine the field-based

experience and its influence on preparing teachers for teaching mathematics. Eisenhart, et al (1993)
documents the tensions around the field placement of student teachers who are educated for a reform agenda
but whose mentoring teachers focus almost exclusively on procedural knowledge. They conclude:

Changes are not likely to occur without more concerted and systematic efforts to organize contexts
for learning to teach so that they consistently stress the priorities envisioned by the reform
movement. (p. 39).

The intention of this research was to create and study an alternative classroom environment for learning
mathematics one which should provide differently for the construction of knowledge both by the children
and by the student teachers.

METHODOLOGY
The methodology was qualitative-descriptive, a case-study of four second-grade mathematics

classrooms in Beersheva. In two classrooms in one school the instruction in mathematics was based on a
problem-centered, "alternative" approach to exploring the mathematics. In the other two classrooms in a
neighboring school, the instruction was based on the conventional textbook. The four mentoring teachers
were all experienced primary teachers (the mentoring teacher is not a subject in this research).
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The four student teachers were third year students at the K. College of Education, majoring in early
childhood education. The two in the alternative classrooms had a minor in math and agreed to participate in
a special project. All four were in the same math methods course taught by the researcher for two years.

The "classroom teaching experiment"

The "classroom teaching experiment" is associated with studying children's learning in classes with
alternative instructional approaches (Cobb, et al, 1990). In order to study student teachers' knowledge
growth in math classrooms with an alternative instructional approach, a classroom teaching experiment was
designed and implemented according to the following plan:

Two second-grade classrooms in the same school would participate.

The topics in the official State mathematics curriculum would be covered.

The emphasis in the instruction would be on problem-solving and building on children's intuitive
knowledge, with an emphasis on thinking strategies.

The conventional textbook would not be used; rather a variety of materials would be developed.

The mentoring teachers and student teachers would participate in a five-day summer workshop, to plan
the structure of the math program for the year within the theoretical framework of the project. Specific
planning for the first two months of the year would be part of the workshop as well as preparation of
classroom materials.

The mentoring teachers and student teachers would meet every week with the researcher for a 90-minute
session to discuss, reflect, and plan. This would be a credit-course for the mentoring teachers and an
essential feature of the project.

Data collection

Three aspects of the mathematics classroom are examined, each with its own procedure for data collection
and analysis: (1)The Instructional Approach: classroom observations; (2)Children's construction of
knowledge: written tests, individual interviews; (3) Student teachers' construction of knowledge: reflective
interviews. A summary of the first two aspects is presented followed by a detailed presentation of the third.

The instructional approach: classroom observations

Six mathematics lessons were videotaped in the alternative classrooms and six in the conventional
classrooms, between October, 1994, and January, 1995. The videotapes focus on interactions between the
student teacher and the class. The videotapes were transcribed and the text was analyzed using qualitative
methods (Erickson, 1986).

The first lists of categories were based on the analysis of tasks and discourse in Hiebert & Wearne
(1993). The mathematical tasks were identified and classified. The children's responses were analyzed for the
length of the response and an interpretation of the nature of the response. The transcriptions were reexamined
to locate representative vignettes. The vignettes were organized by sub-theme and the sub-themes clustered
by primary themes.

Children's construction of knowledge: Written tests, clinical interviews

At the beginning of the school year a standard, written test was administered to all the children in the
four classrooms (p= 140) to establish the relative achievement level of the children on arithmetic items
from the first grade curriculum. At the end of the year, a semi-standard, written test of second grade
arithmetic material was administered to all the children. This test included items which measure
computation skills, conceptual understanding, and problem-solving. The scores on Test II were the basis for
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choosing a representative one-third of the children from each class for individual interviews. The researcher
administered all the interviews, using a written protocol of eight tasks probing conceptual understanding.

Student teachers' construction of knowledge

Reflective interviews were used to uncover the knowledge of the student teachers for teaching
mathematics. Lesson-specific interviews were held in most cases immediately after the classroom
observations. In addition, a summary interview was held with each student teacher at the end of the school
year. All the interviews were recorded on audiotape and subsequently transcribed.

There are eleven lesson-specific interviews with the student teachers, held between October, 1994 and
January, 1995. Each was held about an hour after they taught a math lesson, during which the
interviewer/researcher had been present. The questions in Chart 1 formed the basis of the interviews. The
interviews were semi-structured with the questions providing an entry into the students' thinking. The
lesson served as an immediate stimulus for reflection on teaching in the context of an authentic, specific
experience.

Chart 1: Lesson-specific interview protocol

1. What were your objectives for today's lesson?
2. To what extent did you feel you succeeded?
3. In what didn't you succeed?
4. What was new in today's lesson?
5. How can you tell what the children know, or don't know?
6. What were the difficult points of this subject?
7. What did you learn about the students? the subject?
8. What surprised you in the course of the lesson?
9. Did any of the children seem to have difficulty with the lesson? how did you help them?
10. Did you make any changes to your plan in the course of the lesson?
11. What did you debate with yourself in planning the lesson?
12. Was this lesson typical of the lessons in the class?
13. Are there children in the class with particular difficulties - new immigrants, handicaps, etc.? (asked in

initial interview)
14. Do you always work with the weaker kids?
15. How do you use the 100-Board on the wall? (examples of questions specific to a given lesson)

The concluding interviews were held in June, 1995, and lasted about 50 minutes each. The interview
questions (Chart 2) were adapted from the NCRTE research at Michigan State University, on tracking
teachers' knowledge growth (Kennedy, Ball, & McDiarmid, 1993).

Chart 2. Summary interview protocol

Name, year of birth, country of birth, family status
1. What did you learn from your field experience this year about teaching mathematics?
2. What did you learn about the mathematics?
3. Can you recount an incident involving weaker students? stronger students?
4. How can you identify when someone has learned the math?
5. What is unique about teaching mathematics compared to other subjects?
6. How were manipulatives used in the class? Which?
7. What about games - were they used? How?
8. How was the blackboard used?
9. Tell about a lesson which was particularly successful.
10. How will you organize your math lessons next year?
11. Did you manage this year to hear, to listen to children's thinking about mathematics?
12.Do you have any questions remaining about teaching math?
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RESULTS

The results are reported in three sections:

1. The features of the instructional approach

2. The children's knowledge of mathematics

3. The student teachers' knowledge for teaching mathematics

A summary of results is presented for sections one and two; the complete results are reported in
Shane (1996). Detailed attention is given in this report to section three, on the student teachers' knowledge
for teaching mathematics.

1. The features of the instructional approach

The twelve videotaped lessons were scanned to identify instructional tasks assigned by the teacher in
the course of the mathematics lesson. In the conventional mathematics lessons 148 tasks were identified and
in the alternative lessons, 94 tasks. In the conventional classrooms 11% of the tasks invite more than one
solution while in the alternative classroom 31% of the tasks invite more than one solution. In the
conventional classrooms the teachers presented a large number of tasks (41%) which were computational in
nature, and were presented as operations on numbers without any context. The tasks in the alternative
classrooms had a higher-level cognitive component. Fifty percent of the tasks were in the categories of
EXPLAIN, requiring an acknowledgment of the thinking which generated the solution.

The transcripts of the same twelve lessons were scanned to identify all the children's responses. In the
same number of lessons, the teachers in the conventional classrooms presented over 50% more tasks than
the teachers in the alternative classrooms, while the number of children's responses was almost the same. In
the conventional classrooms, the children's responses tended to be shorter; 89% of the responses were five
words or less compared to 70% in the alternative classrooms. Seventy percent of responses in the
conventional classrooms were solutions to one-step computation or recall compared to twenty percent of the
responses in the alternative classrooms. Forty-five percent of the responses in the alternative classrooms are
explanations or justifications; 3.3% of the responses in the conventional classrooms are in those categories.

A summary of the results can be organized around two issues which highlight the differences in
approach between the conventional and alternative classrooms:

What is mathematics about? What does it mean to know/understand mathematics?
How does one learn mathematics in school(in the second grade classroom)?

What is mathematics about? What does it mean to know mathematics?
The conventional classroom presents mathematics knowledge as a body of formal procedures, with a

given number of individual facts and skills to master, and definitions of concepts to recall. Therefore, a
correct answer is a quick response which shows mastery of facts, skills, or definitions. Higher level
questions focus on a semantic analysis of the problem or exercise, according to a formal, abstract schema
which represents the particular arithmetic operation.

The alternative classroom presents mathematical knowledge as both procedural and conceptual. This
knowledge is inherently a building of connections between concepts, so the problems to solve require a
synthesis of facts, skills, and strategies. Mathematics knowledge in these classrooms is the ability to use
small "bits" to understand new situations. The intuitive knowledge of the student is the starting point for
scaffolding the formal knowledge.
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How does one learn mathematics in school, in the, second grade classroom?
The conventional classroom reflects a rationale for teaching mathematics based on the teacher as

source of all knowledge. She explains, demonstrates, and defines all new concepts, algorithms, questions.
The nature of the explanation is a presentation of formal mathematical language which derives its validity
from the teacher's authority. The alternative classroom reflects a socio-constructivist rationale, where
children learn from explaining to each other. The teacher translates their intuitive understandings to formal
knowledge; the formal knowledge derives its validity from an intuitive appeal to the children's' number
sense. To maximize this appeal, lessons are built around shared-contexts. The subject matter is how the
children think about a problem, not just the outcome. This metacognitive component where children share
their strategies helps the others learn and strengthens their own understanding. The lesson therefore offers
different challenges to the different learners.

Having established this base, that in the alternative and conventional classrooms, the features of the
instructional approach for teaching mathematics were significantly different, this has a most significant
implication. It is the underpinning for comparing the results on what the children learned and what the
student teachers learned, in the conventional and alternative classrooms as two significantly different
environments. In the conclusion, there should be a connection between what specifically was different in the
nature of the instructional approach in the classrooms and in what was learned.

2. Children's knowledge of mathematics

The results of Test I reflect the relative mathematics achievement level of the four classrooms at the
beginning of the year (Complete data for each classroom is in Shane, 1996) .The mean score for the two
classrooms in each school were very similar; the mean score in the conventional classrooms (82.8) was
significantly higher than in the alternative classrooms (73.8). The results of Test II, administered toward the
end of second grade, were different. There is no significant difference between the achievement level of the
conventional (67.4) and the alternative classrooms (65.6). The scores for the two conventional classrooms
are almost identical, as they were on Test I. while there is more variation in the mean scores of the two

alternative classrooms.

The interview included eight tasks, five of which drew heavily on understanding the tens structure of
our number system. On four out of the five tasks, the children in both of the alternative classrooms
performed more successfully than the children in the conventional classes. Their interview responses were
characterized by a "mathematical flexibility" which allowed them to respond to tasks with which they were
unfamiliar and to short-cut more complicated computational algorithms.

3. The student teachers' knowledge

The findings on the student teachers' knowledge are presented in two sections:
The lesson-specific interviews with the student teachers, Oct. 30, 1994 - Jan.18, 1995
The concluding interview, June 6-11, 1995

The lesson-specific interviews

The student teachers' knowledge is revealed in their direct responses to questions in the lesson-specific
interviews and in their indirect comments which can be organized around certain issues. Examples of both
the direct and indirect results are presented here. (Complete results in Shane, 1996).

Question #2. What succeeded in the lesson?

The conventional classrooms

When I gave them the game to solve the problems, that they all solved them. It's not like one of them
just sat and copied the others. I saw that they all were solving and they were all active. Also on the
worksheets, they all were active, they all finished, they all did it.
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The alternative classrooms

Most of them understood, they worked on several number sequences and found the patterns without any
difficulty. And they went beyond 20. We planned for them to get to 20, and they went further. I saw
they got to 50 and even 60.

In the conventional classrooms, success is measured by the general atmosphere of the children being
busy. In the alternative classrooms, success is identified in a specific situation where the children showed
initiative and mathematical knowledge beyond what the student teacher expected.

Questions #7, #8. What did you learn, what surprised you in today's lesson?

The conventional classrooms

Lately I notice how each time different children surprise me, children whom I don't expect will do
correctly. Children who I expect less from them are the ones who surprise me. So last time Tom, and
this time...other children, Jon and David, other weak children surprised me. They knew how to match
all three exercises to the schema,...I thought they would be confused or make a mistake...I didn't think
they would be totally correct...
What surprised me, a pleasant surprise, was that almost all the children know
There's one boy Dani who is usually in the clouds, and when I went over to him,...I saw they he did
(the worksheet) and understood...I was surprised that they understood the lesson so well, particularly the
word problem. I only started to work on it yesterday ...

The student teachers are teaching lessons for the first time. Their knowledge of what mathematics the
children know or don't know develops from experiences in the classroom. Their knowledge of the subject
matter is also developed (or not) from classroom experiences. What these student teachers learned was that
children are able to recall some of what they have learned and even weak students have certain skills and
may enjoy participating. The student teachers' surprise was at the children's giving the correct answer and
not making mistakes. There were no surprises on the contents of what they said. There wasn't one example
of a child suggesting a strategy for the mathematics that surprised the student teacher.

The alternative classrooms

Yes, there was a decreasing sequence and we got to zero, but they know, we talked about three dots that
you can continue the sequence indefinitely. So one boy said, it could also be "minus" he didn't say
minus how many, but it could be minus, there are numbers after the zero. It astounded me because
what I thought until now was that children know until zero and that's it. Not beyond that, and here...
It's interesting how you are sure that they, understand, that they know where the 100 is. It's very
dominant on the board. Here, not here, there. Because when you turn over the board they are right that
if originally the 100 is here when you turn it over it moves to the opposite side. Technically, maybe
the idea of turning over the board wasn't such a good idea because it confused them. Maybe I should
have taken another board, empty, and it would have been better for them.
The way they checked, the rough estimate which the children did. I heard them arguing - no, it's more
than 70, less than 70. First they add the tens and check, if it's close to 70, to 80. There was so much
arithmetic. On their paper, so many exercises they tried...a lot of arithmetic in those riddles.

What surprised the teachers in the alternative classrooms can be organized in three categories:

1) the misconceptions, the different intuitive understandings which children had developed
2) the breadth and versatility of the children's mathematical knowledge beyond the range of the second

grade curriculum
3) The computational potential within the concepts they presented
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From their "surprise" they have constructed new knowledge for teaching mathematics. They have added to
their store of knowledge about the mathematics and about how the children think about the mathematics.

One of the issues which emerged indirectly from the lesson-specific interviews was the consideration
of number sense in the math classroom.

The conventional classrooms

Maybe they get confused like we get confused. That they just don't write correctly, but not that they
don't know. Not that they don't know that we start from here and then we take from the highest and
borrow. It happened to me with 43-39, that I left one ten and forgot that I left it and kept solving. But
it's not that they don't know; they know the procedure how to solve it.

The alternative classrooms

When I gave the exercise with the answer over 100, immediately someone jumped and said "that's more
than a hundred." There are children who know how to do the estimation, the mental computation, very
well. They know about how it will come out. I think they do it by adding the tens and seeing that it
comes out more than ten so they know that it's more than a hundred.

They have started to use more thinking, they always want to check if it's logical. At the beginning it
wasn't like that; it was yes or no. That's it. Today they check you , they check the logic, if it makes
sense to them. Then they look at the computation. That's what he did today: it didn't make sense to
him so he didn't accept it. He wasn't willing to accept a technical solution, one more, one less.

In the conventional classrooms there was no access cited to "number sense", toward examining the
numbers in their mathematical context instead of applying "generic" algorithms. The student teachers
themselves did not use examples of such thinking; in fact, they model not-using number sense in the above
example. In the alternative classrooms, the student teachers take notice when the children apply "number
sense" solution strategies and learn both the strategies and the implications. "Knowing" is used for knowing
numbers, the order of the numbers, the value of the numbers, how to estimate. The student teacher notes
the child's having connected between number sense and computation, having intuitively established the
relationship between the procedural and the conceptual knowledge of mathematics.

A second issue which emerged indirectly from the interviews was the source of motivation in the
math classroom, as being intrinsic or extrinsic.

The conventional classrooms

Maybe I should have insisted more that they solve it...if I had left a space on the side, they would have
to solve it...it would have forced them to solve the exercise.

The alternative classrooms

It was amazing. The children already finished the lesson and went into the classroom (from the
corridor), and she sat and continued to write the sequence. It was important for her to continue. She got
to 70 and something, I don't remember exactly...

They try to raise the level. They look for that. He knows that it will come out over 100. We know
what he thinks. And Martin- for sure. They want harder problems. I see that...
In retrospect, it's good to give them those matrices to do by themselves. Because some children are
bored during math lessons. We raise the level but sometimes not enough for those children. Did you
see Ante, he's great in arithmetic, but bored. So he can do what he wants (with the matrices). Or Adi
says to me in the last lesson-give me a hard problem. That's funny, but you have to deal with it...We
know what they think. They want exercises that are more difficult. I see it.
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The student teachers in the conventional classrooms presume that the motivation for doing the
mathematical tasks is extrinsic - the teacher assigns/the children carry out. By formulating the task
differently from a technical point of view, the children will have to use the strategy which the teacher has
chosen. The implied conception of the learner is one who would "cut corners" if the teacher is not watchful.
In the alternative classrooms, the student teachers describe their observation that children relate to intrinsic
challenges in the tasks and can be motivated by providing tasks which are flexible. Their conception of the
child is of a learner looking to "stretch" his knowledge, not content with the minimum.

The data from the lesson-specific interviews sheds light on the student teachers' construction of
knowledge in two related domains: how children learn mathematics and how to teach mathematics.

Knowledge of how children learn mathematics
The student teachers in the conventional classrooms describe their lesson planning and lesson

maneuvering in terms of general pedagogic principles unconnected to the mathematics. Their stated
intention is to keep the students busy writing in their notebooks, interested through games, and under
control. They have learned that "weak" children can participate and know the right answer sometimes. They
don't mention any particular difficulty inherent in the mathematics, which required a reconsideration of
teaching strategy. The student teachers give no examples of "number sense" playing a role in learning
mathematics, neither examples of children who demonstrated "number sense" nor of themselves. Motivation
for learning mathematics is presented in extrinsic terms and there is no example of a child doing more than
the assignment from intrinsic motives.

The student teachers in the alternative classrooms identify points of difficulty in the material which
they hadn't expected. They try to connect those difficulties with their teaching strategies (inappropriate
model, task, etc.) and suggest alternatives. They give many specific examples of children's thinking
strategies. They give many examples of children applying "number sense" in parallel to computational
procedures or alone. Describing how children think and talk about the mathematics is the most dominant
feature of their interviews.

Knowledge of how to teach mathematics
The student teachers in the conventional classrooms have very little criticism of their own

performance, generally accepting how they chose to teach a lesson as the best possible way. There is no
questioning of the prototypical difference between the reading lesson and the math lesson. They planned
their lessons and delivered them without any particular surprises, which accomplished their goals.

The student teachers in the alternative classrooms explicitly refer to the knowledge with whiCh the
children answer questions which they haven't been formally taught. They describe the classroom as a place
where the mathematics knowledge is uncovered, discovered, and grows. They present their role as providing
a flexible environment in which children of different abilities can find challenges and satisfaction in learning
mathematics. They see their role as connecting what the children know intuitively to the formal language of
mathematics.

The concluding interviews

The concluding interviews present further evidence of the student teachers' knowledge. Two of the
questions are presented here followed by the responses of each of the four student teachers. Students 1 and 3
were in the alternative classrooms; students 2 and 4 in the conventional classrooms.

Question #5. What is unique about teaching mathematics compared to other subjikcts?

1. I would like to teach other subjects with the same openness, the same atmosphere...
2. In other subjects the kids perform more independently; they are given information and put it

together. In math, we break it all down to make it easy, we explain and give examples before they
have to think.
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3. The experience, the activities - in other subjects they sit and listen passively. In math they try out
ideas in all different ways.

4. Math is most interesting for the children

Question #11. Did you manage to listen to the children's ways of thinking in the
math lessons you taught?
1. Of course, to hear, to listen, to enjoy. It opened my eyes to things I didn't know so today I relate

differently to children and to mathematics. I think differently...
2. No. I gave the lesson but couldn't follow up on it. I had to cover the material, from this page to

that. After all, I'm a guest in the classroom.
3. I've said just that so many times
4. I don't know, I don't remember.

The concluding interviews, in full, give a remarkable picture of the differences between the
conventional and alternative classrooms. The student teachers in the conventional classroom say they didn't
learn from their student teaching anything about how to teach mathematics nor did they hear how the
children in their classes think about the mathematical tasks. They didn't learn to use manipulatives or
games and didn't learn to provide for the different learners in the class. They couldn't remember any
particular expression of the stronger students nor a specific positive interchange with the weaker students. In
the lesson which seemed successful based on "number riddles." the student teacher felt she didn't teach
anything that day. The image of the math classroom that developed in their minds was one where in
contrast to the independent learning mode in reading, the material is divided up into little chunks for the
children to digest.

The student teachers in the alternative classrooms describe the frequency and importance of hearing
children's thinking, and describe the student teaching experience as a "living" course in math methods. They
have learned how to integrate games to advance learning). They have seen weaker pupils learn from stronger
ones and developed strategies for sharing children's' ideas. Their image of the math lesson is one where kids
are actively engaged in constructing knowledge in contrast to other subjects which are less engaging.

CONCLUSIONS
Four student teachers started their practicum in teaching second grade. Two of the student teachers

were in conventional math classrooms, where the math lesson was fairly stereotypical: a few minutes of
computational drill, presentation by the teacher at the board of new material, individual practice in the
textbook and worksheets for more extensive practice. Two of the student teachers were in classrooms where
the math was taught from an alternative, constructivist perspective. Children were presented with problems
and asked to offer and explain their personal strategies for solving them. Activities were connected to larger
mathematical ideas a lesson on weighing apples included reading numbers up to 100 on the digital scale,
solving word problems of comparison by subtraction, recording data in a table, analyzing the data in a table
to make comparisons, discussing the connection between size and weight, estimating relative weight.

In the interviews during the first four months and in the concluding interview at the end of the year,
the student teachers in the two settings demonstrated very different knowledge bases for teaching
mathematics. The student teachers in the conventional classrooms approached the math lesson with a
general-pedagogic approach: explaining, "transmitting" knowledge of symbols and procedures, presenting
the mathematics one step at a time (a sort of living text-book), encouraging children's participation with
warmth, keeping everyone busy, correcting incorrect responses, maintaining order. The student teachers in
the alternative classrooms thought about the mathematics-pedagogy. They learned how children think about
certain mathematical ideas, what strategies the children may present, what misconceptions they may have
and how they may have developed. They encouraged the children's strategies as the mathematics content of
the lesson. They reported that they learned a kit about how children think about mathematical ideas and that
they learned a lot about presenting mathematics lessons.
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The research results provide the answers to the following questions:

1. How do different instructional approaches in their field-based experience allow
student teachers to use and construct knowledge for teaching mathematics?

The instructional approach in the mathematics classroom has a significant effect on the knowledge
base developed by student teachers. Student teachers in the conventional classrooms applied general-
pedagogical knowledge in reflecting on their mathematics teaching. They showed little to no development
in knowledge of the mathematics, knowledge of how children think about mathematics or how teachers can
generate mathematical activity in the classroom. Student teachers in the alternative classrooms focused on
the mathematical issues that arose in the classroom. They showed knowledge of the children's thinking
about mathematics, their strategies, and the teaching activity which sparked that learning. Just as the
children used their intuitive knowledge as a scaffold for constructing formal mathematical knowledge, the
student teachers were able to use their intuitive understanding of the mathematics and the pedagogy to
construct their formal knowledge about teaching mathematics.

Student teachers in the conventional classrooms saw their role cut out for them by circumstance.
They reviewed with the children the facts and procedures that had been learned the days before or taught the
next page in the textbook. The teachers in the alternative classrooms were always weighing different choices
about the logical presentation of the material. Richardson (1990) presents the notion of "practice as
embedded within theory," as a key concept for integrating educational research into effecting worthwhile
change in teachers. In this theory, teachers must have opportunities, like the student teachers in this
research, to take responsibility for their classroom decisions, including fundamental issues related to
curriculum :

Taking control of one's justifications involves reflection on practices, that is on activities and thek
theoretical frameworks, and an ability to articulate them to others in a meaningful way. (p.16)

2. What are the interrelationships between how the student teachers and students
construct knowledge in the second grade mathematics classroom?

In the conventional classrooms where the emphasis for the children was on simple computation and
not on problem solving or conceptual understanding, the children's achievement in those areas was lower.
Likewise, the student teachers showed a narrower, lower level, approach to understanding the teaching of
mathematics. As they taught the children isolated bits of mathematical facts they also focused on isolated
mathematical topics without connecting them. In the alternative classrooms where the children were
constructing their knowledge from personal strategies and problem-solving situations, the student teachers
were also developing their knowledge of how children think about mathematics. "Thinking about
strategies," applying a metacognitive approach to examining how problems were solved, was a mutual task
of children and student teachers.

Arcavi and Schoenfeld (1992) articulate this cognitively demanding role of the teacher who is
coconstructing knowledge with her students in the mathematics classroom:

When an instructor's conception of teaching or tutoring shifts from explaining or telling to facilitating
the development of students' knowledge structures or coconstructiong knowledge with the student,
there is a significant shift in the instructor's responsibilities to the student. There is, likewise, a
significant increase in the complexity of the decision-making in which he or she must engage to live up
to the demands of helping students build complex knowledge structures for themselves. (p. 322)

Further research should be pursued within such cooperative projects between the college of education
and the public school. Using the social-constructivist paradigm it should be possible to interpret the
development of subject-matter knowledge and pedagogical-content knowledge of pre-service teachers as they
reflect-on-action and in-action. When the mathematics classroom becomes a "community of learners", then
the practicum will be a significant link for the student teacher between his academic coursework and his on-
site professional development.
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