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ABSTRACT
LEARNING TO TEACH MATHEMATICS:
PRESERVICE TEACHERS, THEIR COLLABORATING TEACHERS AND
INSTRUCTIONAL CONTEXTS
By

Jian Wang

This study investigates four elementary preservice teachers’ learning to teach
mathematics with collaborating teachers in a year-long internship. The project poses four
questions. What do they learn about mathematics instruction? What is the influence of
their collaborating teachers on their learning to teach? How do their collaborating
teachers influence their learning? How do their instructional contexts shape what they
learn?

These questions arise from a situation that many reform-oriented teacher
education programs face. Mathematics education reformers have been pushing
mathematics instruction toward a constructivist direction th;n is quite different from the
prevailing mathematics teaching practice in schools. Teacher education reformers want
to help their students learn to teach in new ways by helping them develop constructivist
ideas and providing them longer internships that feature a gradual transition into teaching
and close, supportive relationships with experienced teachers. However, many reform-
oriented teacher education programs have to send their students into internships with
collaborating teachers who may not necessarily teach in the way encouraged by
mathematics education reformers. Research suggests that different instructional contexts

have different impacts on the quality of teaching.
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My analysis leads to several findings about the preservice teachers’ learning.
First, although bringing many constructivist ideas into their internship, three of these
preservice teachers were unable to retain all these ideas or articulate them into their
practice. Instead, they developed some ideas that were contradictory to their program’s
expectations. Their mathematics teaching did not resemble the standards that
mathematics education reformers are embracing. Second, comparing what they learned
with what their collaborating teachers thought and did in mathematics instruction, I come
to the conclusion that these preservice teachers actually moved closer to their
collaborating teachers at both conceptual and practical levels. The ideas they shared with
their collaborating teachers were able to be retained and practiced in their teaching. The
ideas they failed to share with their collaborating teachers disappeared or were not
enacted in their practice. The new ideas they developed in their internship were often
those their collaborating teachers held and practiced. Third, the expectations both
preservice and collaborating teachers had for their roles in the internship had a strong
impact on what they were able to do in their collaboration. The kind of collaboration they
developed, in turn, contributed to the chances for and the quality of these preservice
teachers’ learning. Fourth, different instructional contexts in their internship also shaped
what they were able to learn. The culture of teaching in each school was different and not
always supportive of their constructivist ideas. Schools did not always offer the specific
images of teaching that these ideas implied. Curriculum guidelines and resources
available to them were neither consistent with the constructivist vision nor specific about

pedagogy. Finally, the students they taught also shaped their learning to teach.
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Chapter 1

INTRODUCTION: RESEARCH QUESTIONS AND CONCEPTUALIZATION

Two Equivalent Fraction Units

Martha and Louis, both elementary preservice teachers from the same five-year
teacher education program, were doing their internship with their collaborating teachers
at the fifth grade level in two different elementary schools. Near the end of their
internship, each decided to teach an equivalent fraction unit for the mathematics lead
teaching unit required by their teacher preparation program. Martha taught her first
lesson in her equivalent fraction unit with three instructional tasks for her students. She
first asked students to define the term, equivalent, with real life examples and predict the
meaning of equivalent fraction based upon their ideas of equivalent. Then Martha
grouped her students into pairs and asked each pair to make three same-size hexagons
with pattern blocks. Each hexagon, she required, needed to be made by more than two
pattern blocks of the same color and shape, and different pattern blocks needed to be
used for different hexagons. She asked her students to flip these hexagons with each
other to further develop or modify their previous predictions about the definition of
equivalent fraction. In the last 15 minutes of her lesson, Martha asked some groups to
show how their hexagons were similar to or different from each other and how these

similarities and differences helped them define the
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meaning of equivalent fractions. After each group’s presentation, Martha encouraged
other students to support or challenge the idea presented and justify comments.

In her remaining lessons of this unit, Martha was able to retain this way of
teaching. She often started her new lessons with a fraction idea her students had left with
in the previous class. Then she would continuously push her students to develop a deeper
understanding about equivalent fractions by getting students working in groups and in the
whole class discussion and by asking them to form ideas, show their ideas to each other
and then prove or disprove these ideas. During this unit, Martha gradually pushed her
students to understand the concept of equivalent fraction, as she said by moving “from
concrete, to pictorial and then to symbolic.”

Louis developed two kinds of lessons in his equivalent fraction unit. In his first
lesson, he designed the following tasks for his students. First, he required his students to
use their knowledge of fractions to represent the relationship between a dollar and
quarter. After his students come up with different answers, like 4/1, 1/4, 1/100, 1/5, 5/100
and 5/20, Louis began to push his students to see conflicts between some of their
representations and the concrete meaning of money, such as representing a dollar and a
quarter with 1/100. He also encouraged his students to challenge each other’s
representations and come up with a more reasonable representation that all the students
agreed upon. This kind of learning activity continued to the end of his first class.

In the rest of his lessons in the unit, Louis’s way of teaching totally changed.
Sometimes, he spent about the first 10 minutes of his lesson directly telling his students a
concept or rule and then asking students to practice some problems related to the concept

and rule. Sometimes he used these first 10 minutes to ask a few students what they
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thought about a particular concept. He would either confirm the right answers that
students gave or give the class the right answer when student answers were wrong.
Unlike what he did in his first lesson, Louis never required his students to explain their
answers nor challenged them to question and support each other’s answer in these
classes. Most of his class time was spent on students individually practicing the problems
and the skills that he illustrated or confirmed in these remaining lessons.

The practices Martha and Louis developed in the above units were clearly
different. Their different ways of teaching raise several questions about their
mathematics teaching practice and how they came to these. How do we explain what
these two preservice teachers were able to do in their mathematics lessons? What kinds
of thinking pushed them to teach in the ways described? What were the external factors
that influenced their way of teaching. How do such influences happen? These become
extremely important for us to explore when we situate their mathematics teaching
practice and these questions about their learning to teach in the broad context of current
mathematics education and teacher education reforms. In this chapter, I lay out the
conceptualization of the study that these questions prompt, identify my research
questions and consider prior research related to the inquiry.

Conceptualization of My Dissertation Study
Mathematics education reform and learning to teach

In his work, The Child and Curriculum, Dewey (1990) proposes three kinds of
ideas of teaching children. The first is a position that considers classified subject
knowledge, facts and skills as absolute and unchangeable truth and fills the child with

these impartial and objective facts “without reference to their place in one’s own




ewenence” (p 18-

g ma:hs:r‘..'
mactice (Smith 1]

TZematics perfor
Paeron, 1988, S
Sdar 192 Tpg, ¢
Rkt an iyt
Avison, Mathemga
U skills. 4

[
TG and ract;

Fen
2T Meang 1 tell or

ook ¥
&den inforee the

Tee often funcyy,y

Sthe Procedyr,



experience” (p.184). Literature in mathematics education defines this kind of teaching as
prevailing mathematics instruction that features “telling” followed by repetitious
practice (Smith III, 1996). This kind of teaching often results in the unsatisfactory
mathematics performance of American students at both national (Davis & Hersh, 1981;
Peterson, 1988; Schoenfield, 1985) and international levels (Husen, 1967; Stevenson &
Stigler, 1992; Travers & Westbury, 1989; Schmidt, 1996). Such a teaching practice
reflects an absolutist vision of mathematics, mathematics learning and teaching. Under
this vision, mathematics knowledge is regarded as a collection of infallible facts, rules,
formulas and skills, and mathematics learning as only retaining these facts, rules,
formulas and practicing the skills (Burns, 1986; Romberg, 1992). To teach mathematics
often means to tell or illustrate to students the infallible facts, rules, formulas and skills
and then reinforce them through practice (Smith III, 1996). Teachers with such a teaching
practice often function as judges and sources of mathematics knowledge and teach
students the procedures and algorithms to manipulate numbers and symbols individually
without helping them understand the meaning of symbolic representations (Goodlad,
1984; Stodolsky, 1987).
Dewey’s second category of teaching reflects the vision of child self-realization.

From this position, mathematics knowledge is regarded as personal meaning that an
individual learner constructs (von Glaserfeld, 1985). Children’s mathematics learning is
considered as ideal and “it alone furnishes the standard” (Dewey, 1990, p. 187).
Mathematics teaching is to focus on the children’s individual construction of
mathematics knowledge and the teacher’s role in teaching mathematics is to facilitate

and stimulate individual learners’ learning (Kush & Ball, 1986). This approach to
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mathematics teaching has been criticized as creating “the risk of ignoring the importance
of mathematics convention. Conventions that must be learned as they are used in our
society if they are to serve as powerful tools for mathematical thinking and
communication” (Putnam, Lampert, & Peterson, 1990, p.135).

The third model proposed by Dewey (1990) is a constructivist position which
looks at knowledge, learning and teaching in a different way from both the absolutist and
child self-realization models. It is also a model that mathematics education reformers
have been pushing to improve the quality of mathematics education (National
Commission on Excellence in Education, 1983; National Council of Teachers of
Mathematics, 1989; National Research Council, 1989).

First, under this constructivist vision, mathematics knowledge is a cultural artifact
of human beings that is produced, shared and transformed by individuals and groups and
it is fallible, growing and changing (Leinhardt, 1992; Romberg, 1992). Its central activities
are to carry out mathematical reasoning, use mathematics models to represent our physical
and social realities, and apply our mathematics knowledge to solve real world problems
(Putnam, Lampert, & Peterson, 1990).

Second, mathematics learning under this vision reflects three features. In learning
mathematics, individual learners need to actively participate in central mathematics
activities, and properly use their prior knowledge and personal experiences to construct and
make sense of mathematical ideas (Cobb, 1994; Noddings, 1985; Resnick, 1983). In learning
mathematics, learners need to continuously communicate, prove and examine their ideas
among members of groups because this mathematics knowledge shared and developed in

the collaborative work is greater than the knowledge constructed by any individug)




member (Letnhar
wtmal level of i
wihout support ((
Third. aceq
drx aspects (Bai!.
XS mathemg:
% fomed ju; .
%t ang D o
wﬁmragc Paswig
&gy, Challe,
Nevamn.

...“:".g Ofl

\itony] Counc)p



member (Leinhardt, 1992). Mathematics learners need to be assisted and coached to the
optimal level of their learning, a point learners would find hard to reach by themselves
without support (Cobb, 1994; Vygotsky, 1978).

Third, according to this vision, the contents of mathematics instruction should reflect
three aspects (Ball, 1989). It involves substantial mathematics knowledge and skills. It also
includes mathematics knowledge about the mathematics, such as how mathematical ideas
are formed, justified, validated and generalized and how this knowledge is related to other
subjects and the outside world. Moreover, it encompasses disposition toward mathematics,
to encourage passions about mathematics. Teachers with a constructivist vision are
facilitators, challengers, assistants and organizers of students’ active learning, sharing
and examining of mathematical ideas as well as students’ mathematics problem solving
(National Council of Teachers of Mathematics, 1991).

Research (Ball, 1990; Devaney, 1983/1984; Lampert, 1986; Resnick, 1983) assumes
that, to teach in such a way, teachers are not only required to have a conceptual
understanding of mathematics and know why such an understanding is important. They
also need to know how to help students gain that understanding. Thus, it is important for
teacher educators to find ways to educate their student teachers to learn to teach in this
way. Martha and Louis were preservice teachers from the same teacher education
program, one that actively encouraged and supported them to develop such a
constructivist conceptual understanding of mathematics and mathematics instruction.
Teacher education reform and learning to teach

In traditional teacher education programs, preservice teachers are unable to

successfully develop these constructive conceptions and better understand the
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relationship between these beliefs of teaching and learning and real teaching situations
(Kennedy, 1991). One of the important reasons is that these programs fail to focus on and
find effective strategies of reducing the influence of the teachers’ prior absolutist beliefs
of teaching (Kennedy, 1991). These beliefs were often developed through their
apprenticeship of observation (Ball & McDiarmid, 1990; Lortie, 1975). Another reason is
that teacher education students are often thrown into their student teaching too soon and
left without any support for learning to teach (Dewey, 1964; Feiman-Nemser, 1983).
Such student teaching puts beginners in a difficult position to observe and think about the
principles of teaching and its relationship to teaching practice. It implicitly encourages
them to pay more attention to the technical part of their teaching rather than its goals and
purposes.

Literature in teacher learning and professional development suggests that teacher
educators may help preservice teachers to learn to teach in such a constructivist way by
creating particular opportunities for student teachers. First, they need to focus on
transforming student teachers’ beliefs of instruction (Kennedy, 1991), especially their
conceptions of subject matter and its learning and teaching (Ball, 1989). They need to do
so because their prior concepts and beliefs often stand in their way of receiving new ideas
and conceptions of teaching (Hollingsworth, 1989; Kennedy, 1997; Pajares, 1992).

Second, they also need to situate their learning in the context of teaching, from
which they will have chances to understand the relationship between the ambitious ideas
of teaching and specific teaching practice (Feiman-Nemser & Remillard, 1996; Resnick,

1987). Such a situated learning is important because all knowledge and theories are
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situated in and grow out of the contexts of their use (Brown, Collins, & Duguid, 1989,
Lave & Wenger, 1991).

Third, student teachers needed to have a chance to learn how to think and act like
teachers in the context of teaching by working closely with a supportive and
collaborative experienced teacher. With such a relationship, preservice teachers can be
assisted or coached by the experienced teacher to learn to teach at levels beyond their
independent performance (Feiman-Nemser & Remillard, 1996; Tharp & Gallimore,
1988; Vygotsky, 1978). With such a relationship, preservice teachers would have
chances to develop the values, standards and agreements for teaching collectively with
the experienced teacher (Cochran-Smith, 1991) and “open their intentions and practices
to public examination” (Little, 1990, p.521).

Fourth, reformers argue that teacher educators need to support novices’ learning
to teach in the context of teaching through a structure of gradual transition into practice
from observation, co-teaching and planning with experienced teachers, to independent
teaching (Dewey, 1964; Feiman-Nemser, 1983). This gradual transition structure would
give preservice teachers time to concentrate on observing and understanding the
principles of teaching in practice before stepping into real practice and “offer a more
flexible framework and results in better integration of theory and practice” (Feiman-
Nemser, 1989, p. 217).

Teacher education reformers have started to think about reorganizing their
programs to help preservice teachers learn to teach along these directions (Holmes
Group, 1986; Holmes Group, 1990). Teacher educators have begun to focus on

transforming their students’ connections and beliefs in their mathematics education
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courses (Schram, Wilcox, Lanier, & Lappan, 1988). They have extended their student
teaching into a year-long, gradual induction internship and situated their student teachers
in real teaching environments with contextualized support and cooperating work with an
experienced teacher (Feiman-Nemser, 1989).

However, in restructuring their programs and field experiences for their students,
teacher educators also face a situation of having to send their students to do their
internships with different collaborating teachers who may not necessarily believe in or
practice constructivist mathematics instruction. Many teacher education students have to
do their internship in different school settings where constructivist mathematics
instruction is neither clearly encouraged nor practiced.

Martha and Louis were learning to teach in a teacher education program and
internship that reflected many aspects of this teacher education reform but with different
collaborating teachers and in different school settings. The mathematics teaching
practices both of them developed through their internship were also clearly different.
Their experience leads me to examine the following issues: What can teacher education
students in a constructivist-oriented internship learn about mathematics instruction?
What are the possible influences of their collaborating teachers on their learning? How
do these influences occur? How do school instructional contexts shape their learning? My
dissertation is designed to explore these research questions.

Research Questions
In this dissertation, I explore these issues by studying four elementary preservice

teachers’ learning to teach mathematics with collaborating teachers in a year long
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internship in different school contexts. The following research questions and a range of
subsidiary questions are designed to guide my analysis.
What do these preservice teachers learn?

I assume that learning to teach mathematics can happen at both conceptual and
practical levels. Thus, to better answer this research question, I need to analyze what they
learn at both conceptual and practical levels in relation to their mathematics instruction
in their internship. Two groups of subsidiary questions are designed to tackle each part of
this question.

First, I develop subsidiary questions about their conceptual development:.

e What beliefs and conceptions about mathematics and its learning and teaching

do these preservice teachers bring into their internship?

e What kinds of beliefs and conceptions about mathematics and its learning and

teaching do these preservice teachers end up with through their internship?

e Whether and to what extent do their beliefs of mathematics instruction move

closer toward or away from a constructivist vision of mathematics instruction?

Second are the subsidiary questions about the teaching practice they have learned:

e What kinds of instructional tasks and processes do these preservice teachers

develop for their mathematics teaching by the end of their internship?

o To what extent do their instructional tasks and processes reflect their beliefs

of mathematics and its learning and teaching?

e To what extent did the mathematics teaching practice they learned reflect
standards of constructivist mathematics instruction?

What are the influences of their collaborating teachers?

To answer this research question, I examine both conceptual and practical
influences that collaborating teachers had on what their preservice teachers learned about
mathematics instruction. Again, two groups of subsidiary questions are designed to deal

with each part of their influences.
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First, I explore their conceptual influence:

What are the beliefs and conceptions collaborating teachers have about
mathematics and mathematics instruction?

To what extent do the beliefs preservice teachers develop in their internship
reflect their collaborating teachers’ conceptions?

Second are subsidiary questions about their influence at a practical level:

What kinds of instructional tasks and instructional process do collaborating
teachers develop for their mathematics teaching?

To what extent does the mathematics teaching practice that their preservice
teachers develop look similar to or different from their own mathematics
instruction?

How do the influences of collaborating teachers occur?

To explore this question, my analysis is carried out at three levels. First,

investigate the kinds of expectations both collaborating and preservice teachers brought

into the internship. Then I study what actually happened in their collaboration. In the end

I examine the relationship between what preservice teachers learned and the nature of

their collaboration. For each level, I designed a group of subsidiary questions to guide my

analysis.

My subsidiary questions about their expectations includes:

What expectations do collaborating teachers develop for what their preservice
teachers need to learn about mathematics instruction in the internship?

What kind of role do they expect to play in their preservice teacher’s learning
to mathematics?

What do preservice teachers think they need to learn from their collaborating

teachers about mathematics teaching?

What do preservice teachers expect their collaborating teachers to do for their
learning to teach mathematics in the internship?

Subsidiary questions about their actual collaboration focus on:.

What are the important things collaborating teachers claim they did for their
preservice teachers’ learning to teach mathematics?
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e What are the important things preservice teachers claim their collaborating
teachers have done that benefit their learning to teach mathematics?

e What is the relationship between preservice teachers’ learning and the nature
of their collaboration with their collaborating teachers?

Subsidiary questions about the relationship between their actual collaborations
and what preservice teachers learned ask:

¢ What are the important things collaborating teachers claim their preservice
teachers learned about mathematics instruction?

e What are the important things preservice teachers claim they about
mathematics instruction from working with their collaborating teachers?

e What is the relationship between their expectations for collaboration and their
actual collaboration?

How do the instructional contexts shape their learning?

In this part, my analysis focuses on three instructional contexts and their
influences. These contextual factors are the culture of teaching in the school setting,
curriculum resources and support, and the kind of students preservice teachers were
assigned to teach. As I will discuss later in this chapter, these three instructional contexts
in different schools have different features and they are found to have a strong influence
on different ways of teaching in different schools. However, our understanding about
their influences on preservice teachers’ learning to teach mathematics in different
schools has not been properly developed.

To answer my research question, I first investigate the features of three
instructional contexts in each setting where the four elementary preservice teachers
worked. Then I examine the reactions these preservice teachers develop toward these
instructional contexts and estimate the influences of these instructional contexts on what
they learned. I designed a group of subsidiary questions for each part of my analysis.

Subsidiary questions about the features of three instructional contexts in each
setting include:
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What kinds of mathematics teaching are valued in each school’s culture
What kinds of teaching practice does the culture of teaching in the school
expose its preservice teacher(s) to?

e What kinds of curriculum resources and supports are available to the
preservice teacher(s) in each setting?

e What kinds of students do they have to teach?

Second are subsidiary questions about their reactions toward the instructional
contexts in each setting:

e How do preservice teachers define the mathematics teaching and the kinds of
teaching practice they are able to observe in the school?
e What curriculum resources and support do preservice teachers rely on in
planning their mathematics unit and lessons?
e How do preservice teachers think about their students and their influences on
their mathematics curriculum development and implementation?
Prior Relevant Research
The questions listed above reflect some of the important issues in teacher
education and its reform. Although there are some prior studies that help inform me
about these issues, yet these studies still leave open many questions. Our understanding
about these issues is not fully developed and some of these questions have not yet
received careful examination. Thus, it is necessary for us to further explore them.
Beliefs and practice in mathematics instruction
The action research done by mathematics educators in mathematics education
(Ball, 1988; Lampert, 1986) suggests that without a deep understanding about subject
matter and its learning and teaching, it is impossible for teachers to teach in a
constructivist approach. However, studies in mathematics education have failed to
provide enough evidence to support that there is a consistent relationship between

teachers’ beliefs about mathematics and teaching and their mathematics teaching practice

(Thompson, 1992). While some researchers report a strong agreement between teachers’
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professed beliefs of mathematics, mathematics learning and teaching (Grant, 1984;
Shirk, 1973; Steinberg, Haymore, & Marks, 1985), others reported contradictory findings
and suggest the strong impact of teachers’ social contexts on their practice (Cooney,
1985; McGalliard, 1983; Thompson, 1982). For example, a more recent case study
further indicates that an experienced elementary teacher, who had already developed
some constructivist ideas of mathematics teaching, still had problems in conducting
teaching practice reflecting her vision (Cohen, 1990). In addition, most studies about the
relationship between beliefs of mathematics instruction and practice have been done with
school teachers and in action research situations where researchers were teachers. Few
studies are on preservice teachers.

These studies in mathematics education have several implications for my
dissertation study. First, we still do not know much about the relationship between
preservice teachers’ beliefs about mathematics instruction and their mathematics
teaching practice, even when these teachers somehow develop a constructivist view of
mathematics instruction. Secondly, learning to teach mathematics can happen at both
conceptual and practical levels but they may not go hand in hand all the time. To
understand what preservice teachers learn about mathematics instruction, we should
understand their learning at both levels. Third, to understand what kinds of mathematics
instruction practice preservice teachers learn, we should pay attention to both their
beliefs and the instructional contexts where their learning occurs. As the above studies

suggest, one’s beliefs about mathematics instruction may not be the only or most
important factor shaping one’s mathematics teaching practice. Thus, we need to

understand what contextual factors shape one’s learning to teach mathematics and how
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these factors interact with each other in influencing preservice teachers’ learning to
teach.
Collaboration and preservice teacher’s learning

Research on professional development (Cochran-Smith, 1991) suggests when the
relationship between preservice and collaborating teachers builds upon their shared
values, standards and agreements for teaching, such relationship helps preservice
teachers successfully develop an ambitious teaching practice. However, as for how to
develop such collaboration among teachers, in the field of teacher education there exist
two different ideas. On the one hand, using England’s teaching reforms in the last ten years
as an example, D. H. Hargreaves (1994) suggests that institutional initiatives, like the
centralized curriculum, school-based planning, mentoring, appraisal and partnership help
teachers to open their doors to their colleagues and work collaboratively in reaching the
intellectual goal of schooling. On the other hand, Andy Hargreaves (1990) argues that
institutionally-contrived relationships among teachers restrict the potential for teachers to
learn from each other, because such contrived relationships damage the mutual trust between
teachers and the autonomy teachers have in their work. He argues that such trust and
autonomy are important bases upon which teachers are able to develop their collegial
relationship.

These studies provide a useful framework for us to think about the relationship
between collaborating and preservice teachers. However, not only do these studies fail to
target the particular relationship between collaborating and preservice teachers, but also their
implications for understanding the influences of collaboration on preservice teachers’

learning are conflicting. Since the collaboration between collaborating and preservice
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teachers often combine contrived and voluntary elements, it is important for us to develop an
understanding about how such a semi-contrived, semi-autonomous relationship between
collaborating and preservice teachers influences the learning of preservice teachers.

Recent studies on mentoring start to show that mentor teachers may not
necessarily assume a supporting role in their work in such a relationship. A study on
mentors in two U.S. induction programs suggests that mentors in different programs had
quite different expectations for the roles they needed to play (Feiman-Nemser & Parker,
1992). Even in the reformed teacher education program, collaborating teachers who are
experienced in constructivist teaching or are embracing its philosophy still develop
different expectations for what their preservice teachers need to learn and what they need
to do for preservice teachers (Dembele, 1996; Feiman-Nemser, 1995; Wang, 1997 ).

We can speculate that the different expectations collaborating teachers have for
their work and for what their preservice teachers need to learn influence preservice
teachers’ learning to teach. However, there are few empirical studies that actually show
us: What are the influences of such diverse expectations from collaborating teachers on
preservice teachers’ learning to teach mathematics? How do these influences happen, if
they do? Moreover, there are very few studies developed to understand the interaction
between the expectations of collaborating teachers and those of preservice teachers, as
well as the impact of such interaction on the results of preservice teachers’ leamning to
teach mathematics. Thus, it is necessary for us to understand what expectations both
collaborating and preservice teachers bring into their collaboration and how collaborating
and preservice teachers interact with each other in shaping what preservice teachers learn

in their internship.
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Gradual transition and preservice teachers’ learning

The internship of gradual-transition to practice reflects an important part of
current teacher education reform in many teacher education programs (Feiman-Nemser,
1989). Teacher educators believe that when teacher education students are able to
gradually evolve into a practice with a sequence involving careful observing, partially
participating in management and teaching, and finally teaching independently, they have
a better chance to see ideas in practice (Dewey, 1964; Feiman-Nemser, 1989).

Yet in reality, many teacher education programs have to put their preservice
teachers in schools where the constructivist approach of teaching is not clearly
encouraged or practiced and to work with collaborating teachers who are actually not
experienced in constructivist instruction. If preservice teachers are exposed to teaching
practice that fails to reflect the principles and ideas they need to observe, what kinds of
relationship between principles and practice do they develop? If they have to gradually
transit into the kind of teaching practice with collaborating teachers who may not
necessarily teach in the same direction, what kind of mathematics instruction would they
gradually learn? We have little empirical evidence to answer these questions. Thus, we
need to develop these understandings.

Instructional contexts and preservice teachers’ learning

Research on instructional contexts and their influences on the quality of teaching
provide implications for my dissertation study from another angle. First, studies in this
area suggest that the kind of teaching culture in a school has important influence on the
relationship among teachers and, thus, on their teaching practice. Research on the U.S.

school teaching culture (Feiman-Nemser & Floden, 1986; Licberman & Miller, 1991)
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shows that many schools organize teachers to spend most of their day in their classroom

and to have few chances to talk to, observe or seek help from their colleagues. This
organizational feature of teachers' work reinforces the norm of individualism and non-
interference among teachers. These norms hinder the chances for teachers to foster their
shared conceptions about pedagogical purpose, content, approaches and develop higher
professional standards for their work (Lortie, 1975; Little, 1990).

Studies in this area imply the following things. First, different kinds of teaching
cultures shape differently the ways in which teachers define what can be counted as
acceptable teaching or good teaching practice. Under the individualist culture of
teaching, different kinds of teaching may be acceptable, while in a contrived culture of
teaching, teachers work with a shared teaching goal. Since preservice teachers are often
assigned to do their internship in settings with different cultures, it is reasonable to
hypothesize that their way of defining acceptable teaching practice may be differentially
influenced by the school settings.

The kind of culture under which preservice teachers work can also provide or
limit their chances to observe certain kinds of teaching practices. Thus, their chance to
see connections between constructivist ideas of teaching and actual teaching practice can
also vary. Their different chances to see principles at work can be assumed to have quite
different influences on what they are able to learn about mathematics teaching.

Second, studies on instructional context also indicate that the different ways that
school curriculum is structured and its resources are organized have different impacts on
the quality of teaching. By analyzing the relationship between the structure of the

curriculum and teaching, Cohen and Spillane (1992) make the following argument.
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When schools lack an external curriculum system that is authoritatively, specifically, and

consistently prescribed, teachers do not have substantial pedagogical standards as their
bases to make their teaching decisions and assess their teaching results. Stevenson and
Baker (1991) show that “when control of curricular issues is at the national level, the
amount of the mathematics curriculum that teachers teach is generally not related to the
characteristics of the teachers or of the students, whereas in educational system with
provincial or local control, it is related to teachers’ and students’ characteristics” (p. 11).
More recent comparative study by the Third International Mathematics and Science
Study (Schmidt et al., 1996) further suggests that when mathematics curriculum and
textbooks are organized in a fragmented, repetitious and superficial wayj, it is hard for
teachers to develop good mathematics teaching practice.

The implication from these curriculum studies is clear. To help preservice
teachers learn to teach in a constructivist approach, one of the important steps is to
support their development of curriculum and units or lesson plans that reflect
constructivist ideas. However, curriculum development is impossible without the support
of carefully designed, consistent and pedagogically specific curriculum resources. The
kind of curriculum resources and supports can vary when preservice teachers work with
different collaborating teacher and in different schools. Thus, we need to understand
what kinds of curriculum resources are available to preservice teachers and how different
resources and supports influence their curriculum development.

Third, the different kinds of students that teachers encounter can also have an
impact on their definition of goals and their ways of teaching. A number of studies from

a sociological perspective (Anyon, 1983; Metz, 1993; Powell, Farrar, and Cohen, 1985)
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indicate that the ways in which teachers conceptualize the purpose, content, and
approaches of their teaching and what they do in their classroom are greatly shaped by
the social backgrounds of their students. In a historical study, Sedlak at al.(1986) also
find out that increased lack of tangible rewards for students that are available to schools
and teachers creates situations in which schools and teachers bargain with students to
learn in their classes.

When preservice teachers are placed in different schools and classrooms, their
students can be quite different from each other. These differences can occur in a complex
way. For example, their students can come from cultural and social backgrounds
unfamiliar to preservice teachers. These students can be also exposed to the kind of
teaching practiced by collaborating teachers and the other teachers in the school which
may be different from the kinds of teaching preservice teachers want to learn and
engaged in. These factors may well have potential impact on preservice teachers’
instruction. Thus, if preservice teachers end up with quite different learning experiences
in mathematics teaching in their internship, the kind of students and their preparation for
preservice teachers’ teaching need to be carefully examined.

Studies in teacher learning have begun to pay attention to how the organization of
teachers’ work and different structures of school curriculum influence the expectations
that mentor teachers have for their roles, the focuses of their mentoring practice and their
behavior patterns in their mentoring. By comparing two pairs of mentor and novice
teachers in a preservice teacher education program with the two pairs in an induction
program, Parker et al (1994) found that the attention mentor and novice teachers paid to

curriculum issues in their collaboration varied by school curriculum and program




21

context. International comparative studies (Wang, 1997, Wang & Paine, 1994) also
suggest that different curriculum structure and requirements may have a strong influence
on the focus of mentoring and expectations that cooperating or mentor teachers have for

their work and their mentoring practice.

However, these studies failed to touch on many aspects of the possible

relationship between the instructional contexts, what preservice teachers are able to learn

about mathematics instruction and how they learn. We do not know whether the different
cultures of teaching will contribute differently to preservice teachers’ belief development
and their making connections between ideas of teaching and actual practice. Although
we know that different curriculum structures would have different influences on
collaborating teachers’ expectations for their role and what preservice teachers need to
learn, we still do not know how these curriculum differences affect preservice teachers’
unit and lesson planning. We still need to know what the potential impacts from students
are on preservice teachers’ learning to teach mathematics and how the impact happens.
Summary of Chapter

Current mathematics education reform is pushing a model of mathematics
education that reflects a constructivist vision of knowledge, learning and teaching. This
model of teaching is different from the traditional mathematics teaching model and self-
realization model at both conceptual and practical levels. This reform poses an important
and challenging task for teacher educators in helping preservice teachers learn to teach in
a constructivist way.

Many teacher education programs began restructuring their program to meet this

challenge. They support their students to develop constructivist ideas of mathematics
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instruction through transforming their prior beliefs and conceptions of mathematics
teaching. They extend their students’ field experience by providing an internship
featuring a gradual transition to practice in the hope that their students will have a better
chance to observe the teaching principles at work. They situate their students’ learning in
an actual classroom with a closer relationship to and assistance from an experienced
teacher. Martha and Louis participated in a teacher education program with these
features, yet at the opening of this chapter, we observed real differences in their teaching
practices.

We know that in making these structural changes, teacher educators have to send
their students to do their internship in different schools where constructivist mathematics
instruction may not be practiced or even encouraged. Like Martha and Louis, student
teachers may have to work with different collaborating teachers who may not necessarily
believe in or practice the kind of teaching their program encourages them to learn. These
challenges teacher educators face force us to ask the following questions. (1) What do the
preservice teachers learn about the mathematics instruction in their internship? (2) What
are the influences of their collaborating teachers on their learning? (3) How do their
collaborating teachers influence their learning? (4) How do their instructional contexts
shape their learning?

A literature review suggests that these are important questions for the
improvement of teacher education and its reform strategies. Our knowledge about some
of these questions has not been fully developed or carefully examined. My dissertation

aims to develop an understanding about these issues.




Chapter 2

METHODS: SAMPLES, DATA AND ANALYSIS

Samples of My Dissertation
Subjects and sites

My dissertation examines four pairs of elementary preservice and collaborating
teachers—Martha and Nick, Jaime and Bank, Louis and Ben, and Kelly and Lisa. I chose
these pairs of teachers to study because they were working with different student
populations in four classes of three elementary schools. I expected that these differences
would allow me to observe variations of instructional contexts, collaborating teachers’
teaching, collaborations between preservice and collaborating teachers and to explore
their influences on preservice teachers’ learning to teach mathematics.

Martha was doing an intemnship with her collaborating teacher, Nick, in a fifth-
grade classroom in Well Elementary School. The only elementary school in a small
suburban town, well served a predominantly white middle-class professional and farming
community. Nick had twelve years of teaching experience, of which ten years were spent
in the fourth and fifth grades in Well Elementary. Martha was his first intern.

Jaime also worked at Well Elementary but with a different collaborating teacher,

Bank, in a different fifth-grade classroom. Bank had taught about twenty years. Before he
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began teaching the fifth grade class in this school sixteen years ago, he had taught
mathematics and science for four years in a middle school in the same school district.
Jaime was his second intern from the teacher education program.

Louis and his collaborating teacher, Ben, worked in a fifth grade class in Bell
Elementary School, a new school founded several years ago in an affluent residential
district. The school was racially mixed, including White, African-American and Hispanic
Students. Ben had twenty-five years of teaching experience teaching the fourth and fifth
grades in this area. He had moved to Bell when it was founded. Louis was his second
intern from the same program.

Kelly was interning with a collaborating teacher, Lisa, in a first grade class at
Mall Elementary in an urban downtown. The racially mixed school included White,
African-American and Hispanic students, with most of them from working-class
backgrounds. Lisa had fifteen years teaching experience, ten years of which were as a
special education teacher working with visually impaired students in a different district.
She moved to Mall to teach first grade five years ago. Lisa had an intern from the same
program a year before she worked with Kelly.

In spite of variations in the schools, classes and students, these preservice and
collaborating teachers shared several similarities. These provided a common base upon
which I can compare one case with another.

All the preservice teachers came from the same five-year teacher education
program developed by a large state university in the Midwest. In the program, they all
took similar teacher education courses. They began and ended their internship at the

Same time. All the collaborating teachers volunteered to work with the teacher education
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program because of the program’s restructured internship. Before the internship, each
went to a week-long collaborating teacher orientation organized by the program. Thus,
they received similar but limited formal training for their work.

Program requirements and structure

The program in which these teachers worked was a new program restructured in
1998 under the influence of the Holmes Report, Tomorrow 's School, a reform document
which among other things urged universities to reconnect teacher education to schools
and classrooms. The program was designed with many big themes that required their
students to pursue a constructivist vision and reform agenda. These themes are:

1. Deep understanding of subject matter disciplines and pedagogy that “teach for

understanding.”

2. A democratic commitment to the education of everybody’s children--to

classrooms and schools that would embrace diversity.

3. Helping TE student learn how to establish true learning communities in

classrooms and schools.

4. Graduates able to participate in the process of remaking the teaching

profession, renewing schools, and making a better world.

5. A better integration of theory and practice, field experience and reflection on

that experience.'

The program’s internship was designed as one year long and organized into four
periods of learning that strongly suggest a gradual transition model with a focus on the
relationship between theory and practice. The internship started with preservice teachers
observing and assisting collaborating teachers in planning, teaching and management for
about six weeks. Then they spent about another six weeks to partially participate in

planning, teaching and classroom management through co-planning and co-teaching two

or more subjects with their collaborating teachers. Next, they were required to conduct

! These visions are quoted from the program’s Elementary Collaborating Teacher Handbook (p.7).
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ten weeks of lead teaching on two or more subjects for which they take primary
responsibility for planning and teaching most days with coaching and other assistance
from their collaborating teachers. In the end, they spent about eight weeks reflecting on
the year's work and progress and completed all their projects and assignments while
taking on a modest teaching or co-teaching load.

Along with these field experiences, the program also required its students to take
two year-long graduate level seminars during their internship. One guides them to
understand, think and explore issues like teachers’ ethics, responsibilities, and school
organization as well as their relationship with parents and community through school-
based inquiry projects. The other focuses on deepening their understanding of subject
matter teaching and curriculum development, and supports them to learn to adapt their
curriculum for the students they teach.

In terms of preservice teachers’ learning to teach mathematics in the internship,
the program strongly encourages its students to learn to teach as the National Council of
Teachers of Mathematics (1989, 1991) envisions. The following internship goals
definitely highlight this encouragement.

Learn to plan, teach and evaluate units that are carefully focused on important

concepts, that pay serious attention to children’s mathematical ideas and theories,

that actively engage children in doing, writing and talking about mathematics, and
that challenge and foster children’s meaning making about mathematics.’

The role of collaborating teachers in the internship is also regarded as important

in the program. Instead of only providing a classroom in which preservice teachers can

? These goals for learning to teach mathematics are quoted from the program’s Elementary Internship
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apply ideas learned in their program course work, they were required to guide, support

and assess preservice teachers’ learning to teach across the internship year. The program
defines these responsibilities as:

1. stage appropriate, classroom-based learning opportunities for intern(s) across
the school year;

2. meet with intern at least once a week at regularly scheduled time to co-plan
and discuss concerns;

3. assist interns in developing and implementing personal /professional learning
goals;

4. help interns gain familiarity with district curriculum and grade level
objectives, school policy, curriculum resources;

5. model the intellectual work of teaching by sharing goals and beliefs, co-
planning, discuss dilemmas, etc.;

6. participate in appraising intern’s progress at midterm, end of semester and end
of the year conference;

7. participate in professional development activities for collaborating teachers.’

Data Sources and Collection

Goals for data collection

My four general research questions guided my data collection on these preservice
and collaborating teachers and their schools. To find out what they learn about
mathematics instruction in their internship, I collected two kinds of information from the
preservice teachers. These data allowed me to develop a big picture of what they learned
at both conceptual and practical levels:

1. Their beliefs of mathematics, its learning and teaching that they brought into

their internship and those they ended up with through their internship;
2. Information about their teaching practices they leamed over their internship.

To explore the influences of their cooperating teachers on what they were able to

learn, I wanted to be able to compare the conceptions and practice that collaborating

 These responsibilities of collaborating teachers are quoted from the program’s collaborating teacher
handbook .
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teachers had with the beliefs and practice that the preservice teachers developed over
their internship. I gathered the following two kinds of information about collaborating
teacher’s mathematics instruction:

1. Their beliefs of mathematics, its learning and teaching that these
collaborating teacher had when they were working during their internship;

2. Information about their mathematics teaching practice these collaborating
teachers often exposed their preservice teachers to.

As I discussed in Chapter 1, collaboration is an important medium through which
collaborating teachers exert their influence on preservice teachers’ learning to teach. To
understand how these collaborating teachers influence their preservice teachers’ learning,
I also collected four kinds of information from both preservice teachers and collaborating
teachers on the nature of their collaboration:

1. Expectations collaborating teachers developed for their preservice teachers’
learning about mathematics instruction and their roles in helping their
preservice teachers’ learning to teach;

2. Expectations preservice teachers had for what they needed to learn and the
roles their collaborating teachers need to play for their learning;

3. Collaboration between collaborating and preservice teachers during the
internship;

4. Functions of the collaboration on preservice teacher’s learning from both
collaborating and preservice teachers’ perspectives.

To help me understand my last question about how instructional contexts shape
the preservice teachers’ learning, I garnered four types of information from collaborating
teachers, preservice teachers and their schools. This included:

1. Kinds of mathematics teaching valued by and specific teaching practices that
each preservice teacher is exposed to in each school,;

2. Kinds of curriculum resources and support available to each preservice
teacher in his or her setting;

3. Kinds of students each preservice teacher had to work with and their
preparation for the kind of mathematics teaching the preservice teachers want
to pursue;
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4. Reactions of these preservice teachers toward the culture of teaching,
curriculum resources and students in the school and class.

Types of data collected

To get these kinds of information for my study, I collected documents, conducted
interviews and did a lot of observation. For document collection, I gathered school
mathematics curriculum guidelines, yearly reports and policies about teaching
responsibilities and learning goals for students in each site. I also collected several
teacher preparation program documents, such as the handbooks for elementary
collaborating and preservice teachers, internship guides and schedules. The third kind of
documents were artifacts that collaborating and preservice teachers used in their planning
and teaching mathematics units and lessons, and in their assessing students’ mathematics
learning, such as the textbook, work sheets, assignments and test papers and other
materials they used for their teaching. I gathered teaching plans and reflections on
teaching that preservice teachers did for their mathematics units and lessons.

Another source of information I collected was observational data that included
the following three categories. First, I observed four to five mathematics lessons taught
by each preservice teacher in their lead teaching. The mathematics lead teaching unit was
the last part of mathematics instruction these preservice teachers did in their internship
for which they took primary responsibility for planning and teaching. All these lessons
were videotaped.

I also observed three mathematics lessons taught by each collaborating teacher, of
which two lessons were videotaped and one was observed with field notes. One

videotaped lesson and one observed lesson happened in the early part of the internship
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and the other videotaped lesson occurred after his or her preservice teacher had finished
his or her lead teaching unit.

I also spent two full days observing teaching and mentoring activities in each
classroom in order to see an entire day, the flow of activities and how these related to
collaborating teachers’ mathematics teaching and preservice teachers’ learning to teach
mathematics. I did these observations in the latter part of internship. The mathematics
teaching- or mentoring-connected activities in the two days were videotaped or audio-
taped while the other activities were recorded with field notes.

In addition to my observations of mathematics teaching and mentoring, I also
conducted observations of several lessons on the other subjects taught by both preservice
teachers and collaborating teachers as well as some school activities over the year. These
observations were made to see how mathematics teaching might be related to the
teaching of other subjects.

The third kind of data I gathered from the these collaborating and preservice
teachers was interviews. First, I conducted two one-hour interviews with each preservice
teacher. The first interview was conducted in the second period of his or her internship
when he or she had begun to take part in planning, teaching and managing. In this
interview, I mainly asked four types of questions about their views of elementary
mathematics, its learning and teaching, their mathematics planning and teaching, their
views of learning to teach mathematics with collaborating teachers and the influences of

instructional contexts.*

*The protocol of this interview and other interviews are included in Appendix 1.
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My second interview with each preservice teacher occurred in the last period of
the internship when each preservice teacher had finished his or her mathematics lead
teaching unit and had begun to summarize and reflect on what they learned. In this
interview, I asked about their mathematics education and mathematics teaching
preparation, views of good math teaching practices, their mathematics teaching and
learning experiences in the internship, their learning to teach mathematics with
collaborating teachers, and their relationship with their mentors.

I conducted two one-hour interviews with each collaborating teacher. My first
interview occurred during the second phase of internship as they had begun to share
teaching, planning and management responsibility with their preservice teacher. In this
interview, I asked about collaborating teachers’ mentoring and teaching experiences,
their mentoring and teaching experiences, their views of the influence of instructional
contexts and their view of mentoring and their mentoring practice.

My second interview with each collaborating teacher was at the end of the
internship when each collaborating teacher had begun to take back most of his or her
teaching responsibility from his or her preservice teacher. In this interview, each
collaborating teacher was asked about their training in math teaching, their views of good
teaching practices, their preservice teachers’ learning to teach math and about their roles,
ways, dilemmas and influences in collaboration.

In addition, I had a lot of informal interactions with these teachers. These
interactions happened either before, during or after their teaching during my visits to
their classrooms. Some of these interactions also help me in making sense of my research

Questions in this study.
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Process and issues of data collection

My data collection occurred in the 1995--1996 school year when the four
elementary preservice teachers were doing their internship. Since the goal of my data
collection was to collect information about their learning to teach mathematics and the
factors influencing their learning as it naturally occurred, I maintained the role of
impartial observer and non-interfering interviewer over the course of the internship. I
was aware, however, that it was impossible not to have any influence on what happened
in each site. As an international graduate student, I clearly knew that some of them might
look at me as a total outsider to their teaching and work. Thus, my presence in their
classroom might exert some influence on their work.

To reduce my possible influence on the participants in this study, I structured my
data collection into three periods. First, I spent about three weeks sitting interchangeably
in the four classes only observing and without engaging in any formal data collection. I
hoped that in doing so, teachers and students in each site would have a chance to become
used to my presence in the class.

As their internship entered the second phase and each preservice teacher started
to partially plan, teach and manage the class, I increased my informal interaction with
them and started some of my formal data collection. During this period, I observed one
and videotaped the other mathematics lessons taught by each collaborating teacher. I had
the first interview with each preservice and collaborating teacher and collected some
curriculum, teaching materials each teacher used for his or her mathematics classes.

The intensive data collection started when preservice teachers began their

mathematics lead teaching and continued until they completed their mathematics
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teaching. I videotaped all of each preservice teacher’s mathematics lessons as well as his
or her collaborating teachers’. I had my second interview with all these teachers and I
conducted two full-day observations of each classroom and collected all the other school
documents and teaching artifacts mentioned above.

As is true for all qualitative studies that involve several cases and collect data
over a longer period of time, I also have had to face the dilemma of how to balance
extended data collection for one case and broader data gathering for different cases. Even
though I narrowed down my subjects to four pairs of teachers, in the end I still could not
follow any one of the pairs as frequently as I expected. For example, each week I was
only able to visit their class twice. While I was unable to develop the depth in a single
case that researchers who do an individual case study, my data collection from several
cases allowed me to make comparisons and arguments that would be hard to make from
a single case study. Thus, the issue of depth is somewhat compensated by the values of
broader and comparative data.

Also as is true for any qualitative research, my other concern of this study was
how to make reasonable interpretation about what I saw and heard. Coming from China,
not only did I grow up in a society with totally different cultural values and social,
political and economic structures, but also I had my elementary, secondary,
undergraduate and a part of my graduate education in a totally different school system.
Although I was involved for about four years in the mentoring project at the National
Center for Research on Teacher Learning and had many chances to read data and
literature on mentoring and teacher learning in US. schools, I still had little first-hand

experience about the U. S. elementary education system. This situation, sometimes,
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created some difficulty for me to interpret accurately what I observed. However, this
situation also put me in a position that allowed me to see many issues and aspects of
preservice teachers’ learning to teach mathematics that many insiders may easily take for
granted. It opened many chances for me to analyze my data from a perspective that
results from a continuous comparison between two different school systems and
classrooms. Such an outsider perspective can also be very valuable. As the Chinese poet,
Li Bai says, “ when you are unable to see the real face of Lu mountain, maybe it is only
because you are living in it.”

In addition, my effort to get a range of data and to video-tape lessons gave me an
opportunity to triangulate my interpretations by repeated viewing of key events. Thus, the
kind of data collection strategies I relied on helped compensate for whatever challenges
my outsider status brought.

Methods and Strategies of Data Analysis

The basic method of my dissertation study is qualitative comparative analysis
within and across cases. The comparative method is used here not to find a best model
for learning to teach mathematics, but to develop a deeper understanding about what
preservice teachers are able to learn about mathematics under the influence of
collaborating teachers and their instructional contexts. As Eggan (1965) argues, the
comparative method is “a technique for establishing similarities and differences that can
be applied with different degree of rigor and approximation” (p.336). My analysis here is

organized clearly to parallel my four research questions.
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Analysis of what preservice teachers learn

One analysis focused on my first research question: What were the four
elementary preservice teachers able to learn about the kinds of mathematics instruction?
To answer this question, I examined what they learned about mathematics instruction at
both the conceptual and practical levels. The findings from this part of my analysis are in
Chapter 3 and Chapter 4.

First, I used the two interviews I did with each preservice teacher to capture the
features of his or her conceptual change and development. I coded my interview data
using a conception that Thompson (1992) developed to consider teachers’ beliefs about
mathematics instruction in terms of three related parts: their beliefs about mathematics,
their beliefs about mathematics learning and their conceptions of mathematics teaching.
Using this conception, I coded each teacher’s beliefs of mathematics instruction into
three categories: the beliefs that each preservice teacher brought into the internship,
where they got these beliefs and the beliefs he or she ended up with after teaching.

With this categorization of each preservice teacher’s beliefs as a base, I then
conducted three levels of analysis to develop a sense of the conceptual change and
development these preservice teachers experienced in their internships.

First, I analyzed the relationship between the ideas each preservice teacher
brought into his or her internship, the mathematics education course work he or she took
in the program and his or her earlier mathematics learning experience. This analysis led
me to see the beliefs these teachers brought into their internship, to a great extent, were
shaped by their program course work rather than by their apprenticeship of observation

before their teacher education program.
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Then I compared each teacher’s earlier beliefs of mathematics instruction with
those beliefs they ended up with as a way to capture the changes and development at a
conceptual level and the influence of the internship on their conceptions of mathematics
instruction. Moreover, I compared his or her beliefs before and after internship with the
conceptions that mathematics educator and reformers have encouraged teachers to
develop to see to what extent each preservice teacher moved closer to or away from
constructivist conceptions of mathematics and its learning and teaching.

In addition to analyzing their conceptual change and development, I also used
observation of each preservice teachers’ lead teaching lessons and the artifacts I collected
around their teaching to develop an understanding about what kind of mathematics
teaching practice each preservice teacher was able to learn over his or her internship.
Two reasons stood behind my decision to use their mathematics lead teaching lessons to
address this issue of their learning. First, their mathematics lead teaching units, as their
program arranged, were the only time when these teachers took full responsibility for
planning, teaching and assessing. Thus, these lessons best represent these teachers’
mathematics practices and reflected relatively little direct involvement from their
collaborating teachers. Second, their mathematics lead teaching units were the last and
perhaps the most important time for them to apply whatever ideas about mathematics
instruction they had developed. Therefore, these lessons represent many important
aspects of what these teachers actually learned about mathematics teaching over their
internship.

To reach this goal of my analysis, I coded the video-taped lessons taught by each

preservice teacher, his or her teaching artifacts and his or her teaching plans and
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reflections. I coded features of instructional tasks and instructional processes he or she
developed in these lessons and associated artifact, teaching plans and reflections.
Instructional tasks represent the activity and assignments that each preservice teacher
wanted students to accomplish in each lesson and the ways in which students are required
to accomplish these. Instruction processes indicate the effort and time each preservice
teacher gave in each lesson to help students succeed in accomplishing their tasks. I
assume that these themes as they occurred in his or her lessons can be used to indicate
the quality of his or her mathematics instructional practice because they allowed us to see
in action how each teacher established their goals of teaching and implements them in his
or her mathematics lesson.

Here I did the following levels of analysis and comparison to capture the features
of the mathematics instructional practice these teachers learned. I also use these analyses
to identify the relationship of their mathematics teaching with their beliefs in different
period of the internship.

First, I used specific examples and events collected from each observed and
video-taped lesson taught by each preservice teacher to capture the important features of
his or her instructional tasks and processes developed in these lessons. Then, I coded four
videotaped mathematics lessons taught by each preservice teacher to show the patterns of
his or her instructional tasks and processes in quantitative form. I assessed the patterns of
the instructional tasks and processes against a series of standards for mathematics
instructional tasks and processes. These standards are adapted from the authentic

instructional standards developed by the Center on the Organization and Restructuring of
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School, Wisconsin Center for Educational Research (Newmann, Secada, & Welhlage,
1995). I used these standards here for several reasons.

First, the visions of students’ learning in these standards reflect the constructivist
visions of mathematics learning that program and mathematics education reformers
expect their preservice teachers to develop among their students. Three visions underlie
these standards:

(1) students construct meaning and produce knowledge, (2) students use

disciplinary inquiry to construct meaning, and (3) students aim their work toward

production of discourse, products, and performance that have value or meaning
beyond success in school (Newmann & Wehlege, 1993, p.9) .

Second, the specific standards derived from these three visions of student learning
also lead to the learning tasks and teaching process that mathematics education reformers
encourage teachers to develop. These standards (Newmann, Secada, & Welhlage, 1995)
are:

1. Standards for assessing instructional tasks:

e Organizing information: The extent to which the instructional task in a lesson
requires students to organize, synthesize, interpret, explain and evaluate
complex information in addressing a mathematics idea, concept or problem.

¢ Considering alternatives: To what extent does the task in a lesson open
chances for students to consider alternative strategies, perspectives and points
of mathematics concept, problem and theory.

¢ Disciplinary content: The degree to which the task in a lesson promotes
students’ understanding of and thinking about the ideas, rules, and theories
considered seminal or critical within mathematics.

¢ Disciplinary process: The degree to which the task leads the students to use
methods of inquiry, research, or discourse of mathematics.
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¢ Elaborated communication: The extent to which the task asks students to
elaborate on their ideas and conclusions in different ways that are used in the
discipline of mathematics.

e Authentic problem: To what extent does the task present students with a
question, issue or problem that they have actually encountered, or are likely to
have encountered, in their life beyond school or allow them to use their
knowledge beyond mathematics.

2. Standards for assessing instructional process

e Higher order thinking: The degree to which students use higher order
thinking--manipulating information and ideas in ways that transform their
meaning and implications, such as when students combine facts and ideas to
synthesize, generalize, explain, hypothesize or arrive at some conclusion or
interpretation.

e Deep knowledge: The degree to which the teacher involves students in dealing
with, making clear distinctions between, developing arguments about,
constructing explanations for significant mathematics concepts or solving
problems in systematic and related ways.

e Substantive conversation: Whether the classroom conversations are indicated
by the following features: (1) The talk about mathematics includes indicators
of higher order thinking. (2) Sharing ideas is evident in exchanges that are not
completely scripted or controlled. (3) The dialogue builds coherently on
participants’ ideas and promotes collective understanding of an mathematics
theme or topic.

¢ Connection to the world: The extent to which the class has value and meaning
beyond the instructional contexts, as students address real-world problems and
use their personal knowledge and experiences as contexts in applying the
mathematics knowledge that they are learning.
Third, the framework involves specific measures for assessing a lesson on
multiple dimensions. Specific scales under each standard are designed to distinguish to
what extent each aspect of the lesson is closer to the constructivist dimension instead of

considering each aspect of the lesson either good or bad. Each standard for instructional

tasks is conceptualized as a continuous construct from 1 to 3 or 4 and each standard for
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instructional process is considered as a continuous construct from 1to 5. Scales are
assigned to each lesson based upon its quality rather than its procedural and technical
features.

For example, in rating how effective a teacher is in developing an instructional
task aimed at pushing students to organize information, the following three levels of
scale distinguish the quality of the tasks. If the task a teacher developed in a lesson calls
for students to interpret nuances of a topic that goes deeper than surface exposure or
familiarity, he or she will be given 3 points in the area of organization of information. If
the task only asks students to gather information for reports without interpreting,
evaluating or synthesizing information, the teacher will receive 2 points in the area.
When the task just requires students to retrieve or reproduce isolated fragments of
knowledge or repeatedly apply previously learned algorithms and procedures, he or she
will only get 1 point.

The rating for instructional process takes into account the number of students and
proportion of class time to which the standard applies. For example, in rating how well a
teacher is supporting his or her students to engage higher order thinking, the following
five levels of scales are used. When almost all the students, almost all the time, are
synthesizing, generalizing, explaining, hypothesizing, or arriving at conclusions by
themselves, the teacher in this lesson will receive 5 points for higher order thinking. A
teacher will be given 4 points when he or she engages many students in at least one major
high-order-thinking activity that occupies a substantial portion of the lesson. A teacher
will get 3 points when his or her students are simply receiving and reciting factual

information, or employing rules and algorithms through repetitious routines for a good
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share of the lesson, but there is at least one activity in which some students perform some
high order thinking. If students in a lesson are primarily engaged in lower order thinking
but at some point they perform higher order thinking as a minor activity within the
lesson, the teacher’s instructional process will rate 2 points. A teacher will get only 1
point if his or her students are only involved in lower order thinking and there are no
activities during the lesson that allow students to go beyond lower order thinking.’

To compensate for the potential subjective judgment of my individual by rating
each teacher’s instruction, in my analysis I also use specific examples, events and
dialogues from the observed and video-taped lesson to describe the features of each
teacher’s instructional tasks and processes developed in these lessons. In doing so, I hope
to provide a fuller and more reliable portrait of the relationship between what actually
happened in a classroom and the scale assigned for a certain aspect of the lesson.

I used this quantitative analysis about the teacher’s instructional tasks and
processes to help me understand in which areas and to what extent their mathematics
instructional practice reflects or fails to reflect what mathematics education reformers
encourage them to do. Then I compared the patterns of each preservice teachers’
mathematics teaching practice with the beliefs he or she had at the beginning and the end
of the internship. Through this comparative analysis, I hoped to develop a sense about
how the mathematics teaching practice they developed was related to their beliefs at

different periods.

3 For specific criterion of each specific scale in the standard, please look at Appendix 2.




The
influence of
Tathematc
colizboratin
PRRIVICE 1
leachers” mg
Raching 1p ¢
a Indersian,
achers lear

“Mngs of th



42

Analysis of collaborating teachers’ influence

The second part of my analysis in this study is devoted to understanding the
influence of collaborating teachers on their preservice teachers’ learning to teach
mathematics. To develop this understanding, first I explore the relationships between the
collaborating teachers’ beliefs about mathematics instruction and the beliefs their
preservice teacher developed. Then I examine the connections between the collaborating
teachers’ mathematics teaching practice and their preservice teachers’ mathematics
teaching in the internship. Through these two kinds of comparative analysis, I developed
an understanding about the influence of collaborating teachers on their preservice
teachers’ learning to teach mathematics at both the conceptual and practical levels. The
findings of these analyses are presented in Chapter 5 and 6.

To understand the relationship between the beliefs of each collaborating teacher
and the beliefs each preservice teacher developed, I did three levels of analysis and
comparisons.

I coded and categorized the two interviews I did with each collaborating teacher
and summarized his or her beliefs about mathematics, its learning and teaching. My
original purpose in designing two interviews with collaborating teachers was to identify
any conceptual changes that would happen to the collaborating teachers because of their
involvement in the internship. However, I found nothing substantially different about
each teacher’s beliefs as they appeared in his or her two interviews. In addition, all the
collaborating teachers reported in their interview that they had begun to form their
current beliefs of mathematics instruction several years earlier. In the end, I came to use

both interviews as bases for recognizing domains and patterns of his or her beliefs.
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Then, I compared my findings about the beliefs of collaborating teachers with the
findings I had about their preservice teacher’s beliefs at different points of the internship.
Through this comparison, I developed a sense about how change in each preservice
teacher’s belief reflected his or her collaborating teacher’s conceptions about
mathematics and its learning and teaching.

I also wanted to understand the relationship between collaborating teachers’
mathematics teaching and their preservice teachers’ teaching practice. This required
additional analysis and comparisons.

I studied specific examples and events in the three observed and videotaped
lessons taught by each collaborating teacher and the assignments, work sheets and lesson
plans used in these lessons to gain an insight into some important features of his or her
instructional tasks and processes. It is obvious that three observed lessons from each
teacher can not be used to characterize all the dimensions of a teacher’s practice.
However, all of these teachers agreed that the lessons I observed and videotaped reflected
the approaches they used most often in their mathematics teaching during the internship.
Thus, they represent the approaches that their preservice teachers were most often
exposed to.

I also conducted a quantitative analysis about the two videotaped lessons of each
collaborating teacher to similar to what I did for the preservice teachers. This analysis
helped me to get a sense about how their mathematics instructional practice reflected or
failed to reflect constructivist standards.

Using these teaching data, I compared the ratings each collaborating teacher

received for his or her mathematics lessons with those ratings his or her preservice
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teacher got for his or her mathematics lead teaching lessons. This comparison of many
dimensions of interactions allowed me to see specifically in which areas and to what
extent each preservice teacher’s mathematics teaching was similar to or different from
the mathematics teaching practice of his or her collaborating teacher. Thus, the possible
practical influences of collaborating teachers on their preservice teachers’ mathematics
teaching could be identified.
Analysis of the functions of collaboration

In the third part of my analysis, I examine how the influence of collaborating
teachers on their preservice teachers happened. The data used for this analysis were the
two one-hour interviews with each collaborating teacher and with each preservice
teacher, my two full-day observations and my informal observation of their interactions.

The collaboration between collaborating and preservice teachers is an important
medium through which collaborating teachers exert influence on preservice teachers. On
the one hand, the kind of collaboration in each case can be influenced by the expectations
collaborating teachers have for what their preservice teachers need to learn and what role
they need to play in their preservice teachers’ learning (Feiman-Nemser, 1995; Wang,
1997). On the other hand, it can be reasonably assumed that the kind of collaboration
developed between collaborating and preservice teachers is not determined only by
collaborating teacher. Preservice teachers’ input into the collaboration can also be an
important factor shaping the nature of collaboration. I developed analysis of this aspect at
three levels and the findings of my analysis in this part are presented in Chapter 7.

First, I explored the expectations collaborating and preservice teachers had for

their collaboration for the internship and how these expectations were formed in each
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case. I created coding categories and used these to categorize the following four kinds of
information from all the interview data: collaborating teachers’ expectations for what
their preservice teacher needs to learn, their expectations for the roles they are going to
play, preservice teachers’ expectations for what they need to learn and the roles they
wanted their collaborating teachers to play. I investigated how their expectations for their
collaboration and interacted with each other and transformed their actual collaboration.

Then I analyzed the focus of and approach to collaboration in each case and the
ways in which the collaborations were shaped by the expectations of both collaborating
and preservice teachers. I coded all the interviews and my observations mentioned above
for two kinds of information about their collaboration. First, what were the important
things each collaborating teacher claimed that he or she did for his or her preservice
teacher’s learning to teach mathematics and what were the reasons behind their action?
Second, what were the important things each preservice teacher thought that his or her
collaborating teacher did for their learning and how did they think these things benefit his
or her learning to teach mathematics?

I used this information to analyze the kind of collaboration each pair developed
for the preservice teacher’s learning to teach mathematics. Then I contrasted the
collaboration in each case with the expectation developed by both parties for their
collaboration to consider the influences of their expectations on their actual
collaboration.

In addition, I compared the collaboration in each case with what preservice
teachers learned. I contrasted the results of their learning with what both collaborating

and preservice teachers claimed the preservice teacher learned. Through these
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comparison, I developed arguments about the ways in which collaborating teachers and
their collaboration influenced preservice teacher’s learning to teach.
Analysis of the influences of instructional contexts

The last part of my analysis in my dissertation is to understand how instructional
contexts shaped preservice teachers’ leamning results in each setting. Based upon
interview data collected from each pair of collaborating and preservice teachers, some
school curriculum documents and artifacts gathered from each preservice teacher, I
conduced the following three levels of analysis. The findings of my analysis are
discussed in Chapter 8.

My first level of analysis is to identify some general features of the instructional
contexts that each school and its teachers, including the collaborating teachers, offered
for preservice teachers’ learning to teach mathematics. These contexts include the culture
of teaching in the school, the school mathematics curriculum and the resources available
and the kind of students and their preparation for the preservice teachers’ teaching. I
coded three categories of information in each setting from all the interviews I conducted
with collaborating teachers and the curriculum materials I collected. These categories are
the culture of teaching in the school, the school mathematics curriculum requirements
and other curriculum resources, and the kind of students in collaborating teacher’s class.
I further analyzed and summarized the basic features of the three kinds of instructional
contexts in each settings.

Then I coded all the interviews I conducted with each preservice teachers, the
curriculum resources he or she used, and his or her teaching artifacts to identify the ways

in which he or she reacted toward their instructional contexts. These reactions include

3
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how they thought about the teaching they were able to observe in the school and the
school mathematics instruction, how they used the curriculum resources available to
them in developing their mathematics unit and lessons and how they dealt with their
students’ reactions toward their curriculum implementation.

In the end, I compared and contrasted these two levels of analyses with the results
of preservice teacher’s learning to teach. Then I discuss and interpret how the
instructional contexts shaped the outcomes of each preservice teacher’s mathematics
teaching practices.

Summary of Chapter

In this chapter, I discuss the data, data collection and analysis strategies for my
dissertation. To properly answer my research questions raised in Chapter 1, I chose to
collect data from four elementary preservice teachers, their collaborating teachers and
their schools. Both similarities, in terms of their program backgrounds and the
differences in light of their school, teaching and students contexts, are considered when I
made this choice to maximize the chances to understand my research questions.

The data for my study are from three sources: documents, interviews and
observations. The process of my data collection followed a low-interference principle. I
also took many measures to reduce my influence on the work of my subjects. I discussed
the two limitations of my data collection and interpretations.

The method of my data analysis is comparative. The comparison in this study
occurs within and across cases. Comparative analysis is conducted in the four related
aspects of my general research questions. Although most of my comparative analysis is

qualitative, I also used quantitative comparison in analyzing what kind of practice
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preservice teachers learned and how their learning in this area reflects the kind of
mathematics teaching their collaborating teachers were practicing. In the next 6 chapters,

I present and interpret my findings.




Chapter 3

LEARNING AT A CONCEPTUAL LEVEL

In this chapter, I explore the conceptual development that four elementary
preservice teachers, Martha, Jaime, Louis and Kelly, experienced in their internship. I
discuss the nature of their conceptual change. My analysis in this chapter suggests that
these teachers’ conceptual developments exemplify their struggles along and among
three positions defined by Dewey (1990).

Martha: Move toward Constructivism

Martha received her mathematics education in her elementary and secondary
schools in a very traditional manner where teachers often “told you a rule and then asked
you to do exercises about it.” However, when she entered Nick’s fifth grade classroom in
Well Elementary for her internship, she had several ideas about mathematics instruction
that were different from her experiences of learning mathematics in her grade school.
Martha claimed the ideas she brought into her internship are those encouraged by the
NCTM standards. She “never thought anything like that before” until she took classes in
her teacher education program, especially a mathematics-focused education class she
took in her senior year.

The teacher that I had for the mathematics section of the teacher education
program, she was a very big influence on me. Have you heard of the NCTM

49
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(National Council of Teachers of Mathematics) standards? She was very
influential. She thought these things were very important and that was how she
taught us about those things and how can we apply that to teaching and I had a lot
of those ideas there.

Beliefs with which Martha started her internship

In the early part of her internship, Martha suggested that mathematics was an
activity in which people actively make sense of mathematical ideas, form hypotheses,
find a pattern and then prove it. This idea of mathematics was clearly reflected in her
statement that:

It is very important that you let your students explore the math ideas. I like them

to come up with their own hypothesis, their own patterns and prove it or find an

idea with this worksheet. Let’s find out a rule.

Martha also thought that two processes were important in learning mathematics.
First, “it is important that students discover ideas by themselves because any time that
happens I will see there is a lot of ownership there and they learn better.” Second, it was
important for her students to learn how to communicate and test their mathematical ideas
among themselves. As she said, “I really wish they will be able to talk more among
themselves and trade ideas, talk and comment on each other’s ideas.”

Martha’s conceptions of elementary mathematics instruction directly built upon
her ideas of mathematics and its learning. However, these ideas were only general ideas
about the roles she wanted to play. They lacked pedagogical specifications. For example,
Martha believed that her role in mathematics instruction was to allow and support her
students to discover mathematical ideas by themselves instead of telling them these

ideas. The second role she wanted to play in her mathematics instruction was to use

questioning and guidance to help students figure out their ideas.
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The teacher needs to be able to step back and let students work on the problem

and try to figure out for themselves. To ask a lot of questions of students, you

know, “what did you think, why did you solve the problem that way and how did

you solve it? Why did you choose that way or another way?”

In addition, she felt that she should not be the judge of wrong or right
mathematical ideas. Rather, she wanted to encourage students to come up with a correct
mathematical idea through public examination among themselves.

I really wish they will talk more, discuss more among themselves, like trading

their ideas and commenting on each other’s ideas. They focus too much on

teacher and I don’t like that ‘cause you have to and you should be able to
communicate math and be able to write the stuff out and explain it.

Martha’s beliefs at the end of her internship

Towards the end of her internship, Martha pointed out that her internship,
especially her mathematics lead teaching unit on equivalent fractions, “has reinforced
what I learned in the program, in that math education class.” Through teaching this unit,
she got a chance to apply as well as develop several ideas she brought from her college
classes.

First, Martha thought her internship gave her a chance to try her idea of
mathematics as an activity of hypothesizing and proving. As she said:

I had them make the hypothesis about the ways and themes of mathematical ideas

and stuff like. Like the lesson you saw today about making equivalent fractions.

We were doing that about how you figure out when you had two fractions like 2/3

and 1/4. How did you know which was bigger or you can find out that maybe we

can find the common denominator and then compare them and so, you know, I

like how the kids are thinking like that.

Second, Martha also claimed that conceptual understanding of mathematics

should be put in the center of mathematics teaching because it helped other kinds of

mathematics learning. For example, she asserted if students “can understand a math idea
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conceptually, they should be able to do the computation well.” Thus, the instructional
time, activities and materials should be organized in a way to support students’
conceptual understanding. This idea was shown when she was asked what she might do
differently for her fraction unit if she was going to teach it again:

I think that I am just going back to the fraction comparison, as I understand,

which fraction is bigger or smaller. That is probably one area that I would do it

over again. [ will put more preparation and time for it because I realized how
difficult that was going for them.... To add or subtract unlike denominators you
need to have equivalent fractions. Once you know equivalent fractions, you have
to be able to add or subtract the fractions with like denominators. So I think they
build on each other.

Third, Martha learned that there were several things she needed to pay attention
to in order to help her students develop conceptual understanding. She needed to start
mathematics instruction from a concrete model and gradually work toward a symbolic
level of understanding. She thought that was one of the biggest ideas she got from her
teaching unit on equivalent fractions:

You need to give kids a model to think about. Something that is concrete—

whether they can move around with their hands, a picture or something else

before you do the symbolic part. At least that is right with elementary
mathematics. I think that is in order to understand 1/2, you need to see a picture
of it and put it into a related problem. I think that is the biggest thing I learned.

Martha also learned that to help students develop conceptual understanding, a
teacher also needed to pay attention to developing some norms of learning in the early
part of the year. As she described

It wouldn’t be fair for them to change the rules in the middle of the year. So I feel

like what I need to do before I begin to teach next year and really decide how I

want my class to be run and figure out how I want to run my class.

She learned that conceptual understanding required students to actively

participate in the learning activities and that group work was important to involve
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students in active learning. However, she also realized that not all group work was

automatically functional for each group member. Thus, she thought that it needed to be

carefully organized to involve all the students in learning.

I really learned how to make and form groups and structure activities. Each
person in that group has to have something to do so that they can learn. You can
have a group that you have one person do all the group work. I learned how to do
it so that everybody has a part in it.

Martha’s conceptual development and constructivism

By comparing Martha’s beliefs in her internship with the constructivist vision of

mathematics instruction (see Table 1 below), I come to the following interpretation about

Martha’s conceptual development in her internship

Table 1 - Comparison of Martha’s Beliefs with a Constructivist Vision

reach without support.

Constructivist Martha’s Earlier Martha’s Ending
Vision Beliefs Beliefs
Mathematics Fallible and changing, its Active sense making | Active sense making of
central activity is mathematical | of mathematical mathematical ideas,
reasoning, modeling of physical | ideas, patterns and patterns and rules through
and social realities, mathematical | rules through discovery, hypothesizing,
problem solving in real world. discovery and and proving.
_proving,
Mathematics 1. Construct and discover 1. Discover 1. Discover mathematical
Learning mathematical ideas, patterns, mathematical ideas, ideas, rules and patterns by
model and solutions by using rules and patterns by | students themselves and
one’s prior knowledge and students themselves. | with support of proper
experience. model.
2. Present,
2. Present, communicate and communicate and 2. Present, communicate
prove mathematical ideas, prove their ideas, and prove their ideas,
patterns and model and solutions | patterns and rules patterns and rules among
among group. among students. students.
3. Develop mathematics 3. Learn with proper group
knowledge and abilities to the work and learning habits
optimal level that one can not




Table 1 (cont’d)

54

Mathematics
Teaching

1. Facilitate and challenge
students to construct, model
and solve problems
mathematically by themselves.

1. Support students
to discover
mathematical ideas by
themselves through
questioning and

1. Guide students to
discover mathematical
ideas, patterns and rules
with a model of working
gradually from concrete,

2. Assist students to present, guidance. pictorial and toward
communicate and prove their symbolic understanding.
ideas to each other and to rely 3. Encourage

on themselves to determine students to use public | 2. Focus on students’

whether an idea, model or
solution is right or wrong.

3. Support them to connect

mathematics learning to different

disciplines, their prior
knowledge and the real world.

examination to judge
mathematical ideas as
right or wrong.

conceptual understanding
of mathematical ideas,
patterns and rules.

3. Encourage students to
communicate and prove
their ideas through proper
group work and.

Martha’ s conceptual development in her internship was clearly moving closer

toward a constructivist vision, though she still failed to develop some of the ideas

envisioned by the constructivist vision of mathematics instruction. Her development can
be interpreted as follows.

First, Martha’s earlier beliefs of mathematics instruction reflected the
constructivist vision of mathematics instruction in many ways, though not entirely
matching with it. Martha believed that mathematics was an activity of hypothesizing and
proving. She suggested that learning mathematics means to learn how to discover
mathematical ideas, patterns and rule and how to communicate and test these things
through public examination. As a mathematics teacher, Martha saw her role as challenger
and supporter for students’ discovery and communication of their ideas and as supporting

them to rely on themselves to judge whether something is mathematically right or wrong.
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All these ideas are clearly present in reformers’ constructivist vision of mathematics and
its learning and teaching.

Second, it was also clear, as the Table suggests, that at the beginning of the
internship, Martha failed to see some constructivist ideas as important. Furthermore,
most of her beliefs were at an abstract level and did not have a clear relationship with
specific pedagogical ideas and teaching methods. For example, Martha did not mention
anything about the relationships between mathematics, different subjects and real life
experience when she was talking about elementary mathematics instruction. When she
described her ideas about mathematics teaching, she only had ideas of the roles she
wanted to play and did not discuss how to specifically enact her role or how to put some
of her ideas into practice.

Third, Martha’s internship reinforced her constructivist beliefs of mathematics in
many ways. She experimented with how to get her students to conjecture and prove their
ideas of mathematics. She retained her ideas about mathematics learning as helping
students learn how to discover, communicate and conduct public examination. In
addition, she was able to develop some important pedagogical strategies and ideas that
allowed her to put her constructivist vision into practice. For example, she began to see
that conceptual understanding should be placed in the center of mathematics learning
because not only was it important itself but it helped students develop other mathematics
skills. She started to see that instructional time, activities and materials should be
properly organized to help students develop this kind of understanding. She realized it

was important to use a model of gradual transition from concrete to abstract to represent
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the mathematical ideas she was teaching. She suggested that groups would not be
functional unless they were able incorporate all students in its activity.
Jaime: Move toward Child Self-realization

Jaime started her internship in Bank’s fifth grade classroom. She claimed that her
mathematics learning experiences in elementary and secondary schools were quite
different from what she wanted to do in her internship. Her prior experience featured
lecturing followed by repetitious drills, from which she never developed any successful
learning experience, only resentment for mathematics.

I taught differently than I learned it (mathematics). I learned drilling skills like,

“this is what we have to do.” It was so tedious. But you can make math a lot of

fun. That was what I am trying to do. I want them to want to like math.

Jaime believed that her early horrible mathematics learning experience and her
teacher education program both contributed to her beliefs of mathematics instruction that
she brought into her internship.

Beliefs with which Jaime started her internship

The first interview with Jaime suggested that she regarded elementary
mathematics as a subject in which the different facts, rules and formulas are related and
build upon each other.

You know that it (mathematics) is the whole building block. Like you can’t and I

would not want to teach about the shapes before I am talking about lines and rays

because you really need to know about segment of line before you can really
discuss the shape.

She also thought that mathematics was closely related to our daily life and other

subjects. She claimed that school mathematics education often failed to help students

realize this aspect of mathematics.
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I think when I was in school, we weren’t taught this way. This is math, this is
reading and this is writing. As we went to college, you realized that it became
important that you learned how to apply it to the real world. As I was advised to
learn math, and the only place we would think to use was in math class, and that
was not true. I see math is being something that you do use everyday.

Jaime believed that many schools often gave students the wrong impression that
mathematics was something fixed and unchangeable, where there was always one right
solution to a problem. In her eyes, that was not true a reflection of mathematics.
Mathematics was not always fixed but, rather, “you can answer it from different ways.”

Jaime had three assumptions about mathematics learning. First, she thought that
mathematics learning should start from the very basic concepts. Mathematics learners
needed to develop a deep understanding about these concepts so that they can further
develop their learning to a higher level.

I don’t think they (her students) can talk about geometry without knowing those

definitions. Usually the most basic things I found out are the most important

because if you are trying to teach these concepts that they do not understand, they
are not going to get the highest potential they could have. I think that is the most
basic and simplest thing they need to know about in my opinion.

Second, Jaime thought in developing an understanding of these basic concepts,
students needed to know why and how these concepts come about through their own
discovery instead of being told about and then memorizing them.

My main question always is how I get them to understand it (a basic concept)

through their own thinking about it. Not just to remember it but to understand

what it is, you know, instead of having them tested and memorize it as a fact. If

they understand it, they can relate to it and they wouldn’t forget it. So it is more I

don’t want them to memorize formulas and I want them to understand how the

formulas came about. I think that is always the most important thing for me.

Third, Jaime further expressed that the process of mathematics learning needed

to be comfortable or enjoyable for students. Whether students liked mathematics or not
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was quite important for the quality of their mathematics learning. She argued that long
lasting learning can not be obtained through repetitious and tedious drills.

I think it is really important for them to see it (mathematics learning) is fun cause

you can just use the textbook and say, “OK, kids, do one through eight.” But I

don’t know how I will enjoy that. And you know, they are going to learn it for fun

so that they can remember it too.

Based upon her conceptions of mathematics and its learning, Jaime developed
several ideas of mathematics instruction for her internship. First, she assumed that she
should spend more time in her instruction on basic concepts and help her students
explain them. This assumption is clear in her comments on the geometry part of the
textbook used by this school.

Well, the theme of the textbook is that they assume the kids will get something in

one day. Like talking about perimeter and area. And you know, how to find out

the perimeter and area. I think they could do it but that is just telling them and
that is not understanding the material. And that is why I think they don’t fit in
because they can’t explain the perimeter and area. That is the whole new concept

to the kids. And you just spend one day on it when they didn’t know how to find
and explain what it was.

Then she suggested that in order to help students understand the basic
mathematics concepts, a teacher should help students see the relationship between
mathematics and other subjects. As she described:

I don’t want them (her students) to feel math is just math and reading is just

reading. They are all worked together and universally. So writing and math can be

combined.

Another idea Jaime had about mathematics instruction was that she should create
enjoyable and comfortable learning experiences for students. To do it, it was important

for her to be flexible and respectful of students’ idea of mathematics and not to let them

feel “dumb” because of wrong answers.
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You should be flexible and have to be respectful, too. My teaching style aims at
respectful for that. I have a lot of them come up so it is just respect their rights
whether they want to share. If they got the wrong answer, I don’t want to make
them feel dumb on themselves. So I think it is a very important thing. It is also
important to be creative to find ways to teach and the ways they wanted to learn
it, through games, activities, manipulative and things like.

Jaime’s beliefs at the end of her internship

By the end of her internship, Jaime still held the idea that mathematics was
related with other subjects and the real world and retained the idea that mathematics
learning should be comfortable for her students. She claimed that her internship further
helped her see that different students had different styles of learning mathematics. She
explained:

Some kids, I think, are funny, like some kids catch up geometry terms very fast.

Other kids don’t. They don’t know why they need to use these letters. The kids

thought geometry is easy but had hard time to write about it. But the kids thought

geometry is hard but had easy time to write it. So it is really interesting to see
that.

Her ideas about mathematics teaching were developed along the line of child-self-
realization. She began to put students’ feelings about and individual ways of learning in
the center of her mathematics teaching. Mathematics knowledge and ways of thinking
were subject to children’s own preference and ways of understanding, instead of
something students had to be led toward.

First, Jaime came to feel even more strongly than before that one of the important
goals for her to reach in teaching mathematics was to help all her students feel confident
about and like mathematics. She argued that

Reading is easier to teach because kids usually like it. But as for matbh, it is tricky.

I try to reach all of them because students think it is hard and they just don’t want
to learn it. So it is what and how to do things to make them realize that, yeah, they
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