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Qing Zhao Jana Visnovska Kay McClain
Vanderbilt University Vanderbilt University Vanderbilt University
qing.zhao@vanderbilt.edu  jana.visnovska@vanderbilt.edu kay.mcclain@vanderbilt.edu

In this paper, we document the iterative cycles of design research conducted to support the
learning of a group of middle school mathematics teachers. The goal of the research team was
to support the teachers’ ability to reason statistically about data. In this process, understanding
the teachers’ instructional reality became crucial for conducting productive ongoing
collaborations.

Introduction

Our purpose in this paper is to document the process of supporting mathematics teacher
learning through iterative cycles of design research (cf. Brown, 1992; Cobb, Confrey, diSessa,
Lehrer, & Schauble, 2003). Data is taken from our ongoing collaboration with a group of middle
school mathematics teachers in a large urban district in the southeast United States. This school
district serves a 60% minority student population and is located in a state with a high-stakes
accountability program. In the third year of our collaboration, the group consisted of 12 teachers
in total, 6 of whom had participated from the beginning of the collaboration and the rest joining
the group at the beginning of year three. Our long-term goal in working with the teachers is to
support their development of instructional practices that place students’ reasoning at the center of
their instructional decision making. To this end, we have engaged the teachers in activities from
a statistical data analysis instructional sequence that was designed, tested, and revised during
prior NSF funded classroom design experiments conducted with middle grades students (Cobb,
1999; McClain & Cobb, 2001). During the three years of our collaboration, we have conducted
monthly work sessions and extended summer sessions focused on instructional practices that
place students’ diverse ways of reasoning in problem situations at the forefront of instructional
planning. Our analysis will document how the iterative process of testing and revising
conjectures about ways to support the teachers’ development informed our interactions with the
teachers and contributed to a better understanding of what we describe as their instructional
reality.

Methodology

The general methodology falls under the heading of a design experiment (Brown, 1992;
Cobb, Confrey et al., 2003). Following from Brown’s characterization of design research, our
collaboration with the teachers involved engineering the process of supporting teacher change.
This involved iterative cycles of design and research where conjectures about the learning route
of the teachers and the means of supporting it were continually tested and revised in the course
of ongoing interactions. In this highly interventionist activity, decisions about how to proceed are
constantly being analyzed against the current activity of the teachers.

Our design was guided by the formulation of an initial conjectured learning trajectory (cf.
Simon, 1995) for supporting the learning of the PTC. This trajectory, based on the research
literature and the results of prior classroom design experiments, encompassed starting points,
envisioned overarching goals, and conjectured ways of proceeding towards these goals via
means of support. The initial learning trajectory was subject to continual revisions made against
the background of the researchers’ conjectures and with the added information from ongoing
analyses.
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Orientation to Professional Development

The overarching goal of our collaboration with the teachers was to orient them towards their
students' reasoning and place this at the center of their pedagogical decision-making. To this end,
we engaged with the teachers in activities such as planning and orchestrating whole class
conversations in the context of statistics. We aimed to support the teachers not only in focusing
on their students’ reasoning but, more importantly, in capitalizing on the diversity of ways of
reasoning by using it as a primary resource in building their instructional agenda.

Aligned with Ball and Cohen’s (1999) image of professional development, part of our
collaboration with the teachers was devoted to producing classroom-related materials and teacher
experiences “immediate enough to be compelling and vivid” (p.12) that would later serve as
resources for discussions within the PTC. To this end, the teachers typically (1) engaged in the
selected task from the statistics sequence as problem-solvers during our work session, (2) taught
this task with their classes, and (3) brought their students’ written work to the following work
session. For each session, a pair of teachers would co-teach and videotape their statistics lesson,
which then became subject to “careful scrutiny, unpacking, reconstruction” (p.12) during the
next session.

Each classroom statistics activity was typically comprised of (1) a whole-class discussion in
which the teacher and students talked through the data creation process (Cobb & Tzou,
submitted), (2) individual or small-group activity in which the students worked to analyze data,
and (3) a whole-class discussion of the students’ data analyses (Cobb, McClain, & Gravemeijer,
2003; McGatha, Cobb, & McClain, 1999, April). In the third year of our collaboration with the
teachers, we focused specifically on the data creation process and subsequent data analysis
discussion.

Data Creation Conversations and Data Analysis Discussions

From the researchers’ perspective, the data creation conversation with students “involved
discussing the particular problem or question to be investigated, clarifying its social or scientific
significance, delineating aspects of the situation that might be relevant to the question at hand,
and developing procedures for measuring them. The data the students are to analyze are then
introduced as having been generated in this way” (Cobb, McClain, & Gravemeijer, 2003, p.8).
From the researchers’ perspective, the purpose for organizing the ensuing data analysis
discussion as a whole-class event was to provide the teachers with means of capitalizing on the
diversity in the students’ reasoning about data by identifying analyses that, when discussed
directly or compared with other analyses, might lead to substantive mathematical conversations
that would advance the teacher’s pedagogical agenda (Cobb, McClain, & Gravemeijer, 2003).

Our initial conjecture was that by examining these two aspects of instruction the teachers
would come to see in their current practice as problematic. In particular, they would focus on
what was entailed in carefully orchestrating a deliberately facilitated whole-class discussion
where students’ diverse ways of reasoning are taken as resources for supporting learning.
Consequently, this would make it possible to create situations where students' reasoning could be
a focus of discussion within the PTC. Based on our understanding of the significance of these
two aspects of instruction we also conjectured that the teachers themselves would see an initial
focus on data creation conversation and data analysis discussion as relevant to their instruction
and therefore worth pursuing.

However, analysis of the work session data indicated that our discussions of these two
aspects of instruction with the teachers yielded different learning experiences for them. The
teachers were engaged during the work sessions activities focused on conducting data creation
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conversations; they also became increasingly sophisticated in conducting these conversations
with their students--both indicated to us that these activities were valued by the teacher and
viewed as relevant to their classroom instruction.

In contrast, our conversations about how to conduct whole-class discussions of data analysis
remained, in our view, unproductive for the teachers. The level of teachers’ engagement during
these discussions suggested that most of them did not consider conversations of this kind
relevant and pragmatically beneficial for their classroom instruction.

Will: Does anybody in here have their kids up, the entire class up at front of
classroom [to present their solutions to their classmates] once a week?

Rita: No. Don’t have time.

Lily: No. My kids can’t handle it.

Rachel: Having them every two weeks or so.

Will: I find it to be very effective discipline tool.

Teachers:  (chuckles)

Will: I really do. Because they’ll respect each other more than they’ll respect
me.

Lily: I guess not.

Cathy: Not with 7™ graders.

Rita: Not with 7™ graders.

The teachers’ image of a whole-class discussion at that time involved a series of student
presentations where little or no attempt was made to capitalize on students’ current
understandings. Instead, the teachers saw value in these presentations in terms of building
students’ social skills and self-esteem.

Our conversation with the teachers about the data analysis discussion also involved analyzing
students' work collected from the teachers' classrooms. Although many teachers became
increasingly proficient in categorizing students' solutions according to their levels of
sophistication, they seemed to view the purpose of this activity to be an assessment of their
students’ reasoning rather than an opportunity to build on it in their instructional planning.

The research team repeatedly struggled to capture the nature of the differences in teachers’
experiences against the operative research conjectures. It became clear to us that beyond
understanding how the teachers valued different activities, it was why they valued these activities
within their perspectives that we needed to understand better.

Reflection

Teachers' lack of interest in conversations about data analysis was unexpected and led us to
question the validity of the initial conjectures that guided our design of the work sessions. We
came to the realization that our relative ineffectiveness in working with the teachers was a result
of our lack of critical understanding of the teachers’ instructional reality. We use the notion of
instructional reality in an attempt to capture the intertwined system involving teachers’
instructional practices and perspectives from an observer’s point of view (Simon & Tzur, 1999)
together with teachers’ experiences of those as they are trying to accomplish certain instructional
goals within institutional setting in which they work. Such experiences highlight the immediate
challenges that teachers encounter, the frustrations they go through and the valuations they hold
towards specific aspects of their instructional reality. This notion helped us to seek
interpretations of teachers’ instructional practices and perspectives by situating them in the
boarder institutional context in which they work.
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In order to generate data to inform our collaboration with the teachers and revisions to our
conjectured learning trajectory for supporting the learning of the PTC, we conducted a series of
modified teaching sets (Simon & Tzur, 1999) with all participating teachers. Our purpose was to
use these teaching sets as contexts for gaining insights into teachers' instructional reality in order
to identify problems and issues that the teachers would find relevant to their classroom
instruction and that, at the same time, could provide potential means of supporting teachers’
learning via which we could advance our research agenda.

A central principle that guided our analysis of the teaching sets was to assume that teachers’
perspectives of teaching and learning and specific instructional practices they developed in their
classrooms are always reasonable and coherent in the context of their instructional reality.
Operating with this assumption enabled us to avoid the deficit view when examining the
collected data and instead brought to the fore the necessity of generating a reasonable
interpretation of the teachers’ instructional reality against which their perspectives and practices
can be understood.

Analysis of the modified teaching sets revealed that most teachers were unable to explicate
the learning process of their students. For these teachers, there was a black box between teaching
and learning. For example, one of the teachers’ talked about the “aha” moments through which
students came to understand mathematics:

Cathy: I don’t know [how “aha” moments happen]. I like it when [students] finally get it. I

like it when they tell me that this is easy and that they wanted do more [similar problems].

... Sometimes it is a struggle. [In] lot of the units ... they struggle in the first three lessons,

maybe four, and by the time they get to the fifth they finally understand all the other ones.

Sometimes it’s hard to convince them that they’re gonna have to struggle through the first

ones... I wish I had that control [over “aha” moments]. I don’t.

From the teachers’ perspective, it was the students who should be responsible for their own
learning and who should be held accountable to make the most out of the teacher’s instruction.
The fact that the same classroom instruction always resulted in different learning outcomes with
different students—a phenomenon that the teachers dealt with on daily basis—served as a
justification for the teachers to contribute learning outcomes to the personal qualities of
individual students, for instance, to their intelligence.

As teachers attributed the primary agency of learning to their students, they also expressed a
sense of limited control in the process of supporting students’ learning of mathematics. The
teachers' only perceived realm of influence over learning was in creating situations and
experiences where it could happen. Mathematics instruction for these teachers seemed to involve
two equally important and complementary aspects. The first aspect centered on making sure that
students were provided with sufficient opportunities to engage in instructional activities as
intended by the teacher. The common strategies employed by the teachers to achieve this goal
usually encompassed utilizing different forms of presentations (e.g. different visuals or
manipulatives), providing students with enough problems to practice or enough time to process
the information, or breaking down the mathematics problems into small steps. Not only did we
observe the teachers using such strategies during their classroom instruction, they were also
explicit about deliberately using these strategies to promote students’ learning:

Rachelle: [When my students are experiencing difficulties, I] descale [the problem],
break it down, and let them know “yes, there are rules and once you do
enough of the problems you can generate your own rules or you will pick
up on [these] rules.” ...
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Interviewer: ~ How could you tell if this kind of approach is helping the students or not?

Rachelle: Usually after they do enough problems, they [see] visually that “I don't
have to go through this process, I know there are only gonna be two left.”
...it comes after they do enough problems with it. They have enough
exposure.

The second important identified aspect of teachers’ instructional practices was that of making
sure the students would attend to such learning opportunities. The teachers’ primary focus was
therefore ensuring that the students engaged in the mathematical activities. This is not surprising
when we consider that student engagement constituted an important criterion by which these
teachers’ instructional practices got assessed in their schools (cf. Cobb, McClain, Lamberg, &
Dean, 2003). Students’ paying attention was highly valued in all of the observed classrooms and
for many teachers it was synonymous with learning. Students’ failure in understanding the
mathematics was typically accounted for in terms of their lack of focused attention or,
sometimes, their unwillingness to concentrate on the mathematics. Not only did the teachers
stress on the importance of paying attention to their students, they also arranged the instruction in
a way to achieve this goal. For example, many teachers explained their preferences of having
either whole-class conversations or small-group discussions in terms for gaining more control
over students’ engagement and therefore creating a better chance to help their students learn.

As teachers struggled regularly to work on these two aspects of their instruction, they valued
students' willingness to cooperate and regarded it as not only a premise but also a precursor for
learning. The normative strategies the teachers used to engage students followed mostly a sugar-
coating approach (Cobb & Hodge, 2003, April) that involved getting students engaged in
something they might enjoy (e.g., video games, internet, or free time) to buy their attention to
mathematics that came later. These strategies were all aimed at evoking students’ interest and
engagement that were external to the mathematical activities. Nevertheless, many teachers
expressed their concern for having limited control over students’ willingness to engage and
sought an explanation grounded in terms of students’ motivation.

Ben: ...1it’s not that the concept is that difficult. It’s that they chose to tune out and then
didn’t hear the end, didn’t care. ...The biggest problem is motivational. And
paying attention in class. ...the differences between [various instructional]
methods in terms of the outcomes of the kids’ understanding are not big compared
to the difference between a kid that’s unmotivated and a kid who is motivated.
The kid who is motivated is gonna get it no matter which way you teach it. And
the kid that’s unmotivated is not gonna get it no matter which way you teach it. ...
One thing, and it’s very frustrating and difficult, it’s incredible how hard it is to
motivate the kids. All the standard motivators for a big chunk of my kids don’t
matter. I mean grades, disciplinary stuff.

The issue of students’ motivation was brought to the foreground in that it constituted an
explanation for students’ engagement or lack there-of for these teachers, and more importantly, it
became a useful index for them to predict whether their instruction could be effective or not with
certain groups of students.

Rethinking Data Creation Conversations and Data Analysis Discussions

Based on this analysis, we formulated revised conjectures about the instructional reality in
which the teachers operated. This allowed us to generate an account of the contrasting
experiences that the teachers had with the data creation conversation and the data analysis
discussion during our work sessions. We conjectured that the teachers valued the data creation
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conversation mainly because the scenarios of the statistics activities were usually appealing to
the students and therefore, from the teachers’ perspective, helped to evoke students’ engagement
in the instructional activities. The data creation conversation seemed to fit with teachers’
expectation of an effective opening of a lesson and therefore, the teachers viewed discussing
them as pragmatically valuable.

We could also better understand teachers’ lack of interest in the work session activities that
focused on conducting the data analysis discussion. The analysis of the teaching sets indicated
that the teachers considered the diversity among students’ reasoning as undesirable in their
classrooms. Their normative ways of dealing with diversity in students’ understanding involved
individualized instruction, which the teachers could rarely afford because of the additional
constraints it placed on their already limited instructional time. Attempting to gain understanding
of student reasoning by analyzing students’ work was therefore not the teachers’ priority. The
image that many teachers had about the whole-class data analysis discussions was that of
students presenting the results of their learning, not an event that constituted valuable learning
opportunities for their students.

Modified Conjectures

Based on our analysis of the teaching sets, we chose to center on the issue of motivation as a
new starting point for our modified conjectures. First, issues of motivation were viewed by the
teachers as highly problematic and intimately related to the students’ engagement, an issue that
many teachers were struggling with in their classroom instruction. Considering institutional
context in which these teachers operated in addition to what we learned from the interviews, it
seemed reasonable to expect that most teachers would find the issue of motivation a sensible and
relevant topic of conversation. We also expected that some teachers would be interested in and
eager to participate in such conversations given the prevalent concern that they had for engaging
students in instructional activities.

Second, it provided leverage for us to challenge the normative notion among the teachers that
motivation is inherent, determined mainly by societal or economical factors beyond the
classroom. We viewed this notion of motivation restricting and problematic in that it deprived
the teachers of opportunities to effectively teach “unmotivated” children and thus depriving these
children of opportunities to learn. We conjectured that challenging this notion would create a
perturbation for the teachers that could not be accounted for by their current understandings of
motivation and its relationship to students’ learning. This perturbation would therefore generate a
need for an alternative perspective — one in which we would help teachers to focus on their
students’ experiences and in which students’ diverse ways of reasoning statistically would come
to the foreground. As a result, addressing the issue of motivation would make our original
overarching agenda, that of developing instructional practices that place students’ diverse ways
of reasoning at the forefront of instructional planning, also meaningful to the teachers.

The modified starting point proved to be viable for our interactions with the teachers. It
supported teachers’ increasing engagement in discussions, during which they recognized
alternative ways to account for students' motivation. The teachers realized that they could
influence students' motivation and that different mathematical instruction would result in
different levels of students' engagement in the mathematical activities. This shift in the teachers’
perspective on students’ motivation allowed us to highlight issues of supporting students’ ability
to reason statistically by placing feaching and learning in the forefront and issues of motivation
in the realm of supports. Our analysis therefore explicates how a design research approach to
professional development caused the research team to question the appropriateness of its
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conjectures and search for new starting points that would be personally relevant to the teachers.

This process then made it possible for the research team to cultivate teachers’ interest in ways

that supported their students’ learning.

This analysis also allows for reflection on the relation between teachers’ beliefs and practice,
bringing into question causality in that relationship. Instead of viewing teachers' beliefs or
practices as inherent, we is to understand teachers’ instructional reality. Not only did this
orientation to analysis help us to discover reasonableness and coherence in the teachers’
perspectives; it also enabled us to see how teachers’ beliefs and practices become an inseparable
system. Reconstructing teachers’ instructional reality enhanced our ability to design for more
accurate trajectory for learning of the PTC.
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This paper describes how teachers, as members of a mathematics education community,
interpret their professional development experiences designed to facilitate teacher sharing.
Project SIPS (Support and Ideas for Planning and Sharing in Mathematics Education) is a
school-based professional development project designed to help teachers improve the quality of
their mathematics instruction by establishing a mathematics education community within their
school. Analysis of data from focus group interviews revealed that SIPS enabled teachers to
learn from and support each other and helped them to collectively think about mathematics
teaching and learning. Through their interpretations we learned that developing a community
creates several possibilities and tensions.

Theoretical Framework

Since the early 1990s, educational researchers have highlighted the importance of working
with schools as organizations (Fullan, 1990), considering schools as a unit of change (Wideen,
1992). Clarke (1994) suggest that professional development opportunities should “involve
groups of teachers rather than individuals from a number of schools, and enlist the support of the
school and district administration, students, parents, and the broader community” (p. 39). In
mathematics education, researchers have reiterated the importance of teachers working with
colleagues within their school in the implementation and development of reform efforts (e.g.,
Campbell & White, 1997; Franke & Kazemi, 2001; Stein & Brown, 1997; Stein, Silver, &
Smith, 1998). As Loucks-Horsley, Hewson, Love and Stiles (1998) explain, “effective
professional development experience builds a learning community” (p.37). But, we know very
little about how these communities operate and the ways in which teachers participate in them
(Gutierrez, 2000).

Research on professional learning communities suggests these communities provide teachers
with opportunities to communicate with colleagues and encourages teachers to continuously
learn together and share. Paramount to these communities is teacher’s engagement in
professional conversations. Professional conversations are “discussions among those who share a
complex task or profession in order to improve their understanding of and efficacy in what they
do” (Britt, Irwin & Ritchie, 2001, p.31). Britt et. al. (2001) found for many teachers
“professional conversations provided an important vehicle for the examination of their beliefs
and practices” (p. 50). Teachers working together and sharing their mathematics teaching
experiences through professional conversations are the bedrock of Project SIPS.

Methods

SIPS is a school-based professional development project designed to help elementary
teachers improve the quality of their mathematics instruction by building a mathematics
education community within their school. Building a community meant that school staff and two
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university-based mathematics educators met regularly during school hours to explore, discuss,
and plan the direction of mathematics education in the school. With teachers’ input, activities
were designed to nurture professional conversations where teachers share and plan mathematics-
teaching strategies for the school’s diverse student body. While building a community, SIPS
aimed to help teachers increase their mathematical content and pedagogical knowledge. SIPS is
currently in its third year. However, this paper focuses on the activities during the first year that
facilitated teacher sharing within professional conversations.

Adams Elementary (pseudonym) is a Prek- 5 urban school where 90% of the children qualify
for free or reduced lunch. During 2001-2002 the school enrolled about 400 children: 57%
African American, 29% Hispanic, and 14% White. During this year, SIPS worked with 27
teachers at the school: all 18 homeroom teachers and 9 Resource teachers.

Three assumptions guided our work: (1) A mathematics education community is anchored on
the exchange of knowledge and ideas; (2) Teachers need opportunities to share their mathematics
teaching experiences with colleagues, and (3) Teachers want to share and learn from their
colleagues. Therefore, SIPS included several activities to facilitate teacher sharing and to help
teachers collectively think about mathematics content and pedagogy. SIPS first began by
establishing a Mathematics Leadership Team (MLT). This team included a teacher from each
grade level, the Special Education Teacher and the Gifted Education Teacher. In the Spring of
2001, the MLT conducted a mathematics needs assessment for every grade level to identify the
topics teachers wanted to learn more about or needed help teaching. For example, fifth-grade
teachers wanted to learn more about teaching fractions and decimals while second grade teachers
needed help teaching place value. Teaching problem solving was mentioned as a need for all
grade levels. Based on the needs assessment, the MLT met with the mathematics educators, the
school administrators and the mathematics consultant to plan the professional development
topics for the year.

In the Fall 2001, SIPS was inaugurated with a four-hour workshop for all the teachers,
paraprofessionals, and school administrators at the school. The focus of this workshop was to
introduce teachers to the ideas espoused in the Principles and Standards for School Mathematics
(NCTM, 2000), to discuss children’s mathematical learning, teaching mathematics via problem
solving and teaching mathematics for understanding. Following this initial workshop, teachers
met throughout the year in grade-specific worksessions and monthly faculty meetings.

Grade-specific worksessions were held during school hours at the school. Teachers worked
in four grade groups: PreK-K, 1 — 2™ 3 — 4™ 5™ _/Gifted ed. Each grade group met for half
a day every other month. Substitute teachers were hired to allow teachers to attend the
worksessions. During the worksessions, mathematics educators presented the research on
children’s learning of specified mathematics topics and introduced activities and ideas for
teaching the topic with a grade-level focus. These worksessions encouraged teachers to explore
their knowledge of the topic, to share their classroom experiences and teaching strategies, and to
collectively plan mathematics lessons. These lessons were to be taught and shared at the faculty
meetings.

Monthly mathematics faculty meetings were held after school and attended by the entire
school staff. These meetings enabled vertical integration across grades where teachers shared
their classroom activities with colleagues and discussed the mathematics expectations for
students across grades. The meetings also provided an opportunity for teachers to engage in
mathematics problem solving. Teachers solved adult mathematics problems, shared their
solutions and discussed how the problems and concepts could be adapted for their classrooms.
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In addition to the aforementioned activities, a SIPS web page was also established to
highlight mathematics topics, to post teachers’ teaching ideas and student work, and to provide
links for related math sites. All these activities were designed to create a mathematics education
community within Adams Elementary. This paper describes how teachers, as members of the
mathematics education community, interpret these professional development experiences.

Data Sources

SIPS’ research is interested in unveiling teachers’ perceptions about the development of the
mathematics education community. Data were collected from videotapes of all monthly faculty
meetings, teachers’ written reflections after worksessions and faculty meetings, and the
mathematics educator’s field notes. Semi-structured interviews, conducted by an external
evaluator at the end of the first year, provided another source of data. Interviews provided an
opportunity for teachers to reflect on their experiences, freely voice their opinions, and make
suggestions for changes in the project. The focus group approach allowed “participants to talk to
one another, asking questions, exchanging anecdotes, and commenting on each others’
experiences and points of view” (Kitzinger & Barbour, 1999, p.4). Interviews were conducted
with groups of three or four teachers, organized by grade level (seven groups), and some
resource teachers. They lasted approximately 45 minutes and were all audio-taped and
transcribed.

The main data source for this report is participants’ language during the interviews. Through
content analysis of the interview transcripts, we searched for patterns in the teachers’ discussion
of SIPS and for recurring words and themes that expressed teachers’ interpretations of and
engagement with the project. We looked within interviews and across the seven interviews to
identify issues that were important to many teachers, trying to represent an overall view of the
teachers instead of particular aspects commented by one or two teachers only. We contrasted and
augmented these findings with those reported by the external evaluator.

Results

Results from interview data revealed that teachers found the mathematics education
community afforded them with opportunities to learn, share, and think about mathematics
learning as a collective community. Through their interpretations we learned that the word
sharing was used in a broad sense to represent a variety of opportunities.

Sharing To Learn

Teachers found sharing with colleagues allowed them to hear what their peers were doing in
their classrooms and to learn new teaching approaches from each other. A kindergarten teacher
spoke of the value of sharing in grade-specific worksessions while a fifth-grade teacher spoke of
the cross-grade sharing during faculty meetings:

There were some things that other teachers were doing that I had never seen before and
I’ve taught for 20 years. You know, it was like- that’s I think the biggest thing in teaching
is that teachers need to share. And that [worksessions] gave us that time to sit down, and
you know, say now “What are you doing in your class?”

We never have a chance to sit down and watch someone else do anything. And you learn
something. It’s not just the University—we need to do it at Adams, not just within but also
across grades. | was amazed to see the advanced geometry they’re doing in kindergarten-
that’s what we’re doing in 5™ grade too!

For experienced teachers, sharing helped them revisit familiar ideas and teaching approaches:

[SJometimes you can come up with something that was just a little bit different from how
you had done it in the past. And it was just to get an idea across to a student that you may
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not have thought about. You know, two brains are better than one, you know, when
bouncing ideas.
Sharing to learn was especially important to teachers that have witnessed a change in the
school’s demographics. As a kindergarten teacher explained:
[H]earing what other people were doing lets you know what was going on and how their
children were reacting and I think that is important because over the years at Adams our
population has changed greatly, our approaches with teaching them have changed, and I
think it is important that we share those experiences with others.

Sharing For Support

Both new and experienced teachers found the opportunity to share gave them support as they
thought about and tried new teaching strategies in their classroom. Two teachers, a kindergarten
and first grade teacher, expressed how the SIPS mathematics community gave them the needed
support to teach:

As a new teacher coming from a different country, it helped a lot to understand how to
teach math here, how to help [the children], you know, and listen to my peers.

As a new teacher in the schools in the United States, you gave me a level of comfort and
awareness that [ was on target, you know, on track, doing what I was supposed to be doing.

By consulting with other teachers and the mathematics educators, most teachers were more
willing to try new approaches. For example, a fourth grade teacher spoke of her confidence
attempting new ideas in her classroom because “everybody was trying”

I just like the fact [that] in talking about it and sharing, I personally felt a lot more
confident to do.. an idea or attempt to, not take it directly, but I’ll get an idea and jump,
you know. All of the work that we did hands-on was so physically engaging. One of the
things that I did that I thought could help.. the kids remember,, the multiples of certain
numbers...[W]e did goofy things like jumping jacks and stuff with counting the multiples
instead of 1,2,3,4, 5. And just silly things like that, I would have possibly thought of before
but wouldn’t have felt daring enough to try it. But because I knew everybody was trying..
Sharing To Think About Mathematics Together

Many teachers spoke of their experiences as “learners of mathematics” and how they valued
hearing about the different approaches their colleagues used to solve problems. As a second
grade teacher stated:

It is amazing how they would say work through this activity, and you would see how she
would work through it opposed to how I would work through it and you come up with the
same answer. It’s just our approaches was so different but yet they were not.

As teachers collaborated on problem solving activities, they saw how their ways of thinking
were similar to, or different from, their students’ mathematical thinking. A second grade and a
first grade teacher suggested:

[Y]ou actually got to feel how the kids felt and even doing the projects on a larger adult
scale we still came up with a lot of the same concepts in the same orders that our students
do.

One of the goals that really helped me this year was to think about math not necessarily as
the teacher teaching the math, but also from the students’ points[s] of view and their
perspective and how they do take in math concepts and process them and the many
different ways there are for students to do that.
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The professional development activities also helped teachers to think about how they
encouraged their students to share and think through mathematics problems. A third-grade
teacher explained:
I think we emphasize, even more, student sharing...Sharing solutions or ways to [problem
solve].. I mean they were allowed to draw the picture on the board and they were allowed
to solve it in any way and then they explained it to the class, how they did it.

Sharing Beyond The Worksessions

Teachers found that they shared their learning experiences with their students especially after

a SIPS worksession.
My students are always asking me what’s your meeting about. So I have to tell them.
I would come back and actually, you know, if there was something I thought was
particularly interesting or cool, I would share it. And they just loved the fact that [ was a
student, something, that really got them.

Some teachers also made more of an effort to talk to colleagues about mathematics at
different times of the day (e.g., at recess on the playground or after school in the hallway). As a
second grade teacher explained:

[SThe’s right next door to me, and it’s amazing, we don’t see each other. I may hear her
going up and down the steps, but you know now I make an effort; I try to go out and talk to
people during different times when I see them on the playground.

Although teachers in this project expressed agreement with the premise that a mathematics
community is anchored on the sharing of ideas, they also expressed concerns about how well the
sharing was being fostered. As a kindergarten teacher suggested:

I don’t think we have done as much sharing on a routine basis as I would have hoped. One
of the things we were supposed to do was to be able to visit in each other’s classrooms.
And we really didn’t find ways to make that work and I think that would have been a
valuable thing to do.

Teachers were often confused about when and what to share and did not feel that enough
teachers shared to truly have everyone as active members in the community. A second grade and
special education teacher explained:

It’s real hard at the end of the day, and it got kind of confusing in there too, as to who was
supposed to be, what grade level was supposed to be sharing for that month and everything
so people weren’t prepared because they weren’t sure if it was supposed to be fourth and
fifth grade that was sharing this month or if it was kindergarten or pre-K. I think that once
we got into the staff meetings a lot of people shared, but I think sometimes you don’t want
to share because of a large group. It’s better to have smaller groups, you know, and then
maybe that person wants to share.
Discussion and Conclusion

The findings presented in this paper highlight the possibilities and tensions that manifest
when establishing a mathematics education community. With respect to possibilities, we believe
teachers saw sharing ideas and strategies a worthwhile activity, where they learned from and
supported each other and collectively thought about mathematics teaching and learning. Teachers
valued both the grade-specific and mixed-grade sharing and the time that they were afforded to
think and plan. By engaging in professional conversations, teachers learned what their colleagues
expect across the grades and worked on ways to attend to these expectations. Teachers also
began to examine the ways their students thought about mathematical concepts. We are also
optimistic that teachers will continue to engage in professional conversations about mathematics
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and to share after the SIPS project. Thus, we concur with Britt et. al. (2001) that professional

conversations provide an important vehicle for teachers to examine their beliefs and practices.

Our work also highlights several tensions when establishing a mathematics education
community. In spite of our efforts to maintain an emphasis on student’s mathematical
knowledge, teachers’ comments focused more on students’ flaws than on their actual teaching.
For example, teachers would share how students could not solve specific problems when we
really wanted them to talk about what the answers said about students thinking and instruction.
Similarly, teachers rarely spoke about teaching mathematics to poor students of color. Some
teachers would imply that their students were different and that they had to teach differently
without any elaboration. In both situations we opted not to probe teachers further because we
placed more emphasis on establishing trusting relationships with the teachers and wanted
teachers to feel comfortable sharing their thoughts.

Another tension that arose was that teacher sharing was usually “by invitation only.” That is,
teachers rarely initiated conversations but would share their ideas and “success stories” after we
started talking about specific instances. Teachers were more comfortable sharing their strategies
for solving problems than they were for talking about their teaching.

In closing, our research on a mathematics education community underscores the importance
of providing opportunities and time for teachers to engage in professional conversations to share
knowledge and ideas and how difficult it is to focus that sharing on mathematics teaching and
learning. As university mathematics educators we valued teachers opinions and wanted them to
have ownership of the community while trying to maintain the goal of improving student
learning. Therefore, teachers usually determined the scope and direction of their sharing which
often focused on other school issues. However, the realities of schools, especially schools that
have specific challenges, have to be an integral part of the community. Therefore, teachers must
have the freedom to express their concerns and suggestions.

As we continue to analyze the data from SIPS we are examining other aspects of teacher
sharing and building trusting relations with teachers when establishing a mathematics education
community. In particular, we are examining what specific mathematical ideas teachers share,
how the sharing evolves over time, and how to facilitate teachers sharing their unique views on
teaching mathematics to poor students of color.
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This study examined teacher learning during two cases of lesson study. In contrast to
conceptions of lesson study as instructional improvement that occurs mainly through refinement
of lesson plans and requires teachers to have content knowledge and collaborative skills as a
prerequisite to participation, the two cases suggest that teacher learning occurs during lesson
study through the interactive development of resources and professional capacity. Specifically,
teachers’ content knowledge and other professional capacities grew over time, supported by and
supporting changes in the resources (e.g., lesson plans) they created. An implication of the study
is that teachers’ content knowledge and curricular materials should be considered both
contributors to lesson study as well as outcomes of it.

Lesson study is a form of teacher professional development that originated in Japan (Lewis,
2002a, b; Lewis and Tsuchida, 1998; Stigler and Hiebert, 1999; Yoshida, 1999) and has recently
emerged in at least 32 states of the US (Lesson Study Listserv, 2004; Fernandez, et. al., 2002;
Lewis, 2002; Stepanek, 2001). Lesson study consists of a cycle of collaborative teacher
activities: 1) considering goals for student learning and development, 2) studying existing
instructional materials, 3) planning a lesson designed to make the goals visible in the classroom,
4) having one team member teach the lesson while others observe, 5) debriefing the lesson, and
optionally, 6) revising the lesson for re-teaching. This cycle provides multiple opportunities for
teachers to collaboratively consider their teaching, student learning, and the connections between
them.

This study analyzes two cases of lesson study in order to identify pathways from lesson study
to instructional improvement. We chose two cases that differ in characteristics of the lesson
study (e.g., with or without guidance from an outside researcher, in one’s own classroom or as a
guest teacher in a collaborating school). The cases were analyzed for evidence of development of
professional capacity (qualities of educators such as knowledge, motivation, and collaborative
skill) and of resources for teaching (physical tools such as lesson plans, assessment tools, and
instructional materials), as shown in Figure 1.

Figure 1, grounded in the literature on program theory in evaluation outlines the lesson study
process in terms of intermediate and long-term outcomes. Program theory is useful because it
enables users to clearly articulate the “theory of action” and may help identify why and how
innovations such as lesson study work or fail to work (Rogers et. al., 2000). Lesson study
activities ultimately improve classroom practice through intermediate outcomes such as
increased professional capacity and development of resources for teaching, and these
intermediate outcomes interact synergistically. The model laid out in Figure 1 contrasts with
some existing ideas about lesson study that instructional improvement in lesson study occurs
mainly through refinement of lesson plans, and that content knowledge and collaborative skill
are prerequisites for lesson study (e.g., Columbia university lesson study listserv).

985



Consider goals for student Professional Capacity Instructional
learning and development. Development Improvement
plan a “research lesson™ Knowledge base
based on these goals BPORT (increased knowledge of Improved
L »! and connection among TO p| classroom practice
Observe the research subject matter, teaching,
lesson and collect data on student learning. and
student learning and goals)
development Motivation, sense of
efficacy
Use these data to reflect on Collegial capacity
the lesson and on
mstruction more broadly $
If desired. revise and re- Resources Development | LEAD
teach the research lessonto | _ Lesson plans 10
a new group of students SUPPORT Representations/models
> Manipulatives/worksheet
Assessment protocol

FEED BACK TO THE FUTURE LESSON STUDY EFFORT

Figure 1: Teacher learning and lesson study activities and intended outcomes

Methods

This paper describes two cases from ongoing data collection in one K-8 school district in the
Western United States. This district is at the forefront of the US lesson study effort, having
engaged in lesson study since 2000. Lesson study participants in the district have different ways
to be involved in lesson study, either by participating in lesson study groups during the school
year or during two-week summer institutes organized to support teachers’ development of
content and lesson study knowledge. Data collected include videotapes of meetings and research
lessons, fieldnotes, audiotapes of meetings and of teacher and student interviews, lesson plans (in
multiple revisions), student work, written teacher reflections, and lesson study forms (e.g., lesson
study agenda sheet). The cases were selected because the lesson study participants themselves,
researchers within and outside our research project team, and outside educators who have viewed
case artifacts (e.g., video, lesson plans, and excerpts from teachers’ discussions) judged that
teacher learning occurred that influenced or could be expected to influence instructional
improvement. These judgments were obtained by presenting video excerpts (case 1) or a tabular
summary of the evidence (case 2) to audiences of educators and educational researchers and
soliciting written responses and ratings from audience members.

For case 1, teachers attended a summer workshop in algebra and lesson study where they
worked together closely for a two-week period. The six teachers in the group under study came
from different schools in the district but many knew each other from prior professional
development occasions. The teachers in this lesson study case taught middle- to upper-
elementary grades (Grades 3 to 6), and planned a Grade 4 algebra lesson together. During the
summer institute, teachers solved and discussed algebra problems, studied mathematics standards
and curricula, and planned, taught, revised, and re-taught a research lesson designed to help
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Grade 4 students find and mathematically represent patterns. One team member taught each
iteration of the research lesson, with the remaining team members closely observing and
recording student activities. Over the two-week summer workshop, group members spent
roughly 20 hours in the study of curriculum, planning, teaching, revising, re-teaching, and
reflection on the research lesson.

For case 2, three Grade K teachers participated in a year-long lesson study with an outside
researcher (the first author of this paper), within a school-wide lesson study effort. These
teachers had worked at the same school for years and knew each other well. They planned and
taught a Kindergarten lesson on number decomposition. They met once a month for the entire
school year (9 months) and spent approximately 25 hours in the process. The research lesson was
taught in Month 6, and all three teachers taught the lesson in their own classrooms while other
members observed. The teachers reflected on and discussed their experience for the remainder of

the year. Data were drawn from the entire year.

Results
Figure 2 presents details regarding the two cases of teacher learning from lesson study.
Case 1: Triangle Table Algebra Lesson Case 2: Alien Decomposition Lesson
Teachers 6 Teachers, Grades 3 to 6, From different 3 teachers, Grade K, Same school
schools in the same district
Lesson Grade 4 Grade K
Content Algebra Number Sense
Standards | Algebra and Functions, Grade 4: Understand | Number Sense, Grade K: Students use
that an equation suchasy =3x+5isa concrete objects to determine the answer to
prescription for determining a second addition and subtraction problems (for two
number when a first number is given. numbers that are each less than 10).
Goals of Students will: Students will increase their understanding of
the lesson | ¢ Discover a pattern * Represent the pattern embedded nature of numbers and problem
with numbers and symbols solving skills by engaging in open-ended
problem situation
* Begin to understand what a mathematics
rule is
* Be introduced to the idea of representing a
rule in an equation
* Be curious about future explorations of
patterns and rules
Lesson 2-week summer lesson study institute, A year-long lesson study effort, met once a
Study worked together most days, for a total of month for 9 months, for a total of 25 hours
Context about 20 hours
Brief When equilateral triangles are arranged in a | Students find different number combinations
description | long row with edges touching, what is the to make 5 (e.g., 1 +4, 2 + 3) by using red
of the number of perimeter units for any given and blue crayons to color the legs of an
student number of triangles? (Context: triangle Alien picture.
task in the | tables with students seated at edges.)
lesson [Answers can be summarized with a y = x+2
equation, where y = perimeter units and x =
number of triangles. ]
Activities | Live observation of student learning during | Students interviews; Discussion of teaching
that lesson; Requirement to re-teach 2 days later; | and learning trajectories (Japanese
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| supported | Observation of student counting methods by | curriculum, conception of quantities

teacher one teacher; Discussion of two data sources | development); Observation of student
learning | that table “spoonfed” answer to students. learning during lesson; Discussion of data
collected during the lessons to compare
with
existing teaching and learning trajectories.
Tool . . .
thoaot s Two data sources (provoked doubt that while | Student interview data, Levels of
supported | data table was filled out correctly, students conceptions of quantities (research-based
teacher could not describe results in words or learning trajectory for young children’s
learning | equation) conception of numbers), Japanese

teaching-
learning trajectory for number sense.

Figure 2. Two cases of teacher learning in lesson study
Case 1: Triangle-table Algebra Lesson

As Figure 2 shows, case 1 teachers taught a research lesson to two different classes, in both
of which students were asked to find the number of perimeter units for any given number of
equilateral triangles arranged in a long row with edges touching. Teachers revised the lesson
after the first teaching when they confronted puzzling student data: Few students could verbally
describe the pattern relating number of triangles to number of perimeter units, despite the fact
that all students filled out the worksheet tables (showing the plus-two finding) correctly.
Specifically, all 22 students filled out the data table on their worksheet correctly, but only five
noted the “plus two” pattern in response to a question asking them to note patterns in the
problem, and few students raised hands when asked to describe the results in words. The
teachers’ observations during the lesson suggested that the table “spoonfed” the pattern to
students. The table was organized with the number of tables in the left-hand column (increasing
by 1 in each row), and students were to fill out the right-hand column with the corresponding
numbers of seats. The organization of the table enabled students to fill in the table looking only
at the vertical pattern in the right-hand column without referring to the left-hand column (5
students noted the “goes up by one” pattern) or to notice the plus-two pattern without
understanding how it related to the problem. As the instructor noted after the lesson, “When I
was trying to get them to say the number of [triangles] plus two equals the number of [perimeter
units], there was a lot of confusion. It’s easy for them to just go plus two, plus two, plus two, as
they complete the worksheet, and they sort of lose the whole picture of what the plus two is
representing.” For the second research lesson, the group eliminated the data table and gave
students strips of paper with various (non-sequential) numbers for tables. Students found the
number of seats individually, shared data in small groups, and discussed and wrote about the
pattern, resulting in a larger number of students who noticed and explained the plus-two pattern.
In lesson two, all six groups’ posters included descriptions of the plus two pattern (“There will
be 2 more seats...than youre (sic) tables,” “However many tables there are, there’s 2 more
seats.”)

Case 2: Alien Decomposition Lesson

In planning their decomposition lesson (described in Fig. 2), the Grade K teachers initially
struggled, as they believed the new state standard was inappropriate for their young students.
Compared to what they had taught previously, the standard appeared to require a huge leap
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forward in student learning. In prior years, the standard required that students learn to manipulate
numbers up to 5 using concrete objects and to count up to 20. For the new state standard,
students were expected to solve addition and subtraction problem up to a total of 18, using
concrete objects. Teachers were disinclined to teach the new standard, which they believed
required them to teach the concept by drill and memorization. One teacher expressed her feeling
by saying, “There’s no way our students can do this!”

One of the authors of this paper joined the lesson study group as a collaborating educator to
support the teacher learning. At the beginning of the school year, in order to investigate the
students’ current level of understanding to better formulate a lesson that would help them meet
the goals outlined in the standard, the group decided to conduct an informal interview
assessment. The collaborating researcher interviewed a representative sample of students from
each classroom for simple decomposition and addition/subtraction problems to stimulate the
teachers’ thinking about student problem-solving methods (Three interview tasks were chosen:
find two numbers that make 5, 2 + 6, and 8 — 2). The sample of students was chosen to reflect
high, middle, and low levels of understanding (as identified by teachers) so that a range of
different methods could be observed. When asked to find two numbers that make 5, 50% of
students could identify at least one pair. For the 2 + 6 (addition problem), 33% of students
needed step-by-step guidance from the researcher to solve it by counting, 25% of students did so
without guidance, and 8% recalled the answer without using an apparent method. Thirty three
percent of students solved the problem incorrectly. For the 8 — 2 (subtraction problem), 42% of
the students needed step-by-step guidance to solve by counting, 25% did so without guidance,
and 8% recalled the answer. Fifteen percent of students solved the problem incorrectly. When the
interview results were shared, the teachers were surprised to see how well their students did with
the seemingly difficult tasks. Teachers examined and analyzed the results in relation to a
research-based developmental trajectory for children’s conception of quantities provided by a
collaborating researcher, and they saw how their students’ thinking fit in the universal trajectory,
thus understanding how the standard aligned with their own teaching strategies. Furthermore,
when a Japanese learning trajectory for number sense was shared, and when teachers saw how
decomposition activities they were familiar with were used as an important foundational step for
young students’ learning in Japan, this also helped them to see the standard differently. These
materials helped the teachers view student learning on decomposition in relation to the long-term
developmental process and thus helped teachers plan a lesson to assist their students in this area.

Teachers’ discussions after planning and teaching the lesson on decomposition revealed that
their thinking about the standard and student learning had changed (Murata, 2003). One teacher
commented, “What changed (in my understanding) is seeing new ways to discuss and teach this
concept ... despite what we thought, watching our children demonstrate their ability to do it is
the key to our understanding. That made me change my mind about the standard.” A second
teacher reported, “If we set this right (with developmentally appropriate activity), all can be
successful.” Experiencing student learning and success in the classroom were critical in changing
their perspectives.

Discussion

Cases 1 and 2 provide examples of how professional capacity and resources for teaching may
increase over the course of lesson study, with each supporting the development of the other. For
example, in Case 1, the improved lesson plan was just one of several intermediate outcomes of
this case (See Figure 1). Others include teachers’ increase in mathematical knowledge (i.e.,
understanding of the plus-two pattern), the recognition that students’ methods of counting can
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reveal their mathematical thinking, a rethinking of what it means to “understand” a mathematical
pattern, and a recognition that students learn something from organizing data themselves.
Teachers’ final reflections included comments such as, “I learned that a worksheet can be a
dangerous thing,” “I learned that students need to do the work, not the teacher,” and the
following comment about mathematical knowledge and motivation: “... (A) personal aha for me.
When you had said, Teacher J...in the first debriefing,
that, we should really spend some time on having the students share [their counting], at
first I thought, “who cares about that?” I did not see that as an important thing because I
personally did not see the pattern that the ends [end triangles] are the plus two. I did not
see that. So it just shows that in all this math, well, in everything we teach, we’re only as
effective as our level of understanding. So we have to keep pushing ourselves to delve
into...the why, the how come.”

Case 1 suggests an interactive relationship between resource and professional capacity
development. After teachers adopted the teaching worksheet (resource development), they
experienced through live observation of students how that structured worksheet seemed to limit
student learning, since students could fill it out easily without being able to explain the meaning
of the results. This conflict led to their further reflection on their lesson and teaching
(development of professional capacity) and to the development of a second teaching resource
that allowed students to represent their thinking and ideas differently (resource development).
Next, seeing student learning with the new teaching resource enabled teachers to think further
about student thinking and about the mathematics of the lesson (development of professional
capacity). Thus, professional capacity and resource development each provided the base for
further development of the other, in an interactive process, while teachers’ goals shifted from
having students notice numerical patterns to having them be able to explain how the numerical
pattern relates to the problem’s geometric characteristics. Research suggests that the expansion
of mathematical proficiency to include conceptual understanding as well as procedural skills is
of key importance (National Research Council, 2001).

For case 2, despite the teachers’ initial disagreement with the standard, their thinking
changed when they saw students’ responses to the interview tasks in relation to the research-
based levels of quantity conception and the Japanese learning trajectory of the mathematics
content. They began to make connections between the standard and their classroom practice
through the interview (development of professional capacity). And this ability to make
instructional connections supported them to develop their lesson plan (resource development).
Teaching and observing the lesson and experiencing student learning in relation to their shared
lesson plan further supported teachers to think more deeply about student learning (development
of professional capacity). For this case, the interactions between professional capacity
development and resources development also clearly illustrate how the interactive cycle
supported the improvement of classroom practice. Teachers changed their thinking that students
could reach the learning goals outlined in the standard when they were able to design age-and
developmentally-appropriate learning activities for their students. The complex mathematical
goals presented in the standard may be achieved through a simple hands-on activity and not
necessary paper-and-pencil practices in the classrooms. They realized that the activities with
which they were already familiar (decomposition using concrete objects) were important and
foundational learning step for future student learning.
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Conclusions and Implications
As the two cases illustrate, the development of professional capacity and instructional
resources interact and support each other through the process of lesson study. New teaching
resources (e.g., the interview protocol, the revised lesson plan, the content trajectory) might have
enabled teachers to increase their professional knowledge. Conversely, increased professional
knowledge enabled them to use old tools (e.g., standards, decomposition activities) in more
effective ways. Opportunities were provided to compare forms of data about student thinking

(e.g., verbal/written responses, interview data), and such comparisons enabled them to

simultaneously grow professionally and develop resources that reflect increased professional

capacity. Although lesson study is sometimes described as a set of procedures for creating better
lessons (resource development), the cases suggest it is better described as an interactive process
of resource development and professional capacity development. Implications include (1) lesson
plans are an inadequate measure of lesson study progress, and (2) content knowledge may be
conceived as an outcome of, as well as a contributor to, lesson study, (3) resources such as
curriculum materials should be considered inputs as well as outputs of lesson study.
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The far-flung community of professionals dedicated to the practice or teaching of mathematics is
cleft by at least three kinds of divisions: (a) the schism between mathematics and math
education, (b) the barrier between school and research mathematics, (c) the rifts between
mathematical subdisciplines. While latter are in some sense inherent and could at most be made
less jagged, we shall argue that the former two could in principle be bridged, albeit slowly and
gradually. The small space allowed will, however, often force us to be sketchy and use
metaphors to compress meaning.

Cultures, Schisms, Breaks
Two Cultures

The "gulf of mutual incomprehension" separating the exact sciences and the humanities has
neither narrowed nor been bridged in the half century since C.P. Snow deplored it in his famous
lecture (Snow, 1959) on the Two Cultures (cf. the assessment by Davis, P., 1990). The same is
true for the present situation in Germany. A recent bestseller (Schwanitz, 1999) dismissed
mathematical culture in a brief sketch on the last pages, and thereby - fortunately - provoked
another bestseller (Fischer, 2001) which deals with the broad cultural influence of mathematics
and the exact sciences. We do not intend to add to the ink already spilled on this topic, except to
recall that the fruitful metaphor of different cultures has been frequently applied to the various
forms of mathematics instruction, starting at the latest with the work of Lerman (1990), and has
demonstrated its explanatory value (cf. Cobb, 1991; or Cobb & Bauersfeld, 1994; Yackel &
Cobb, 1996; and many others). Hence we shall allow ourselves to look through this filter at the
makers, users and communicators of mathematics.

However, we shall also remember that an overly facile handling of this tool can lead to
embarrassing misjudgments, which are particularly visible in the old dichotomy of "pure" versus
"applied". They come from of three sources: distortion by contraction and caricature, ever-
changing subject-boundaries (e.g., knot theory is now "applied"), and the classical dynamics of
human behavior (tribalism and empire building justified by "objective" necessity).

For the sake of completeness one should not forget the distinction between "academic" and
"industrial" mathematics, which shows similar features. With these caveats in mind, we shall
approach mathematic and math education.

Since Snow’s time, the main change in the landscape surrounding his gulf is that more
material has accumulated on both sides: for instance, mathematics education on the side opposite
a greatly enlarged mathematics. Since, in the short run, no bridge is likely to pop out of nowhere
to connect the two, any hope for future communication requires that each of them understand, if
the not the substance, then at least the form of the other. Both also need to know how far they
are apart.

Surely, any understanding of ’math education’ depends on some notion of what is
’mathematics’. This apparent tautology is expressed by the geometer René Thom (1972), as
follows: In fact, whether one wishes it or not, all mathematical pedagogy, even if scarcely
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coherent, rests on a philosophy of mathematics. Constructivists might object to the implicit
hierarchy and asymmetry of A resting on B, but we are more interested in the claim that a
philosophy of mathematics - that is, an idea of its nature - is required.

Where, then, do we find such a philosophy? Courant (1941) tries to answer the question
'What is mathematics?' in a famous book (updated in 1996 by Ian Stewart) with just that title -
and Hersh (1997) has a very different answer in a book with the same title extended by the word
'really'. Tomorrow there might be yet another answer, in stark contrast to the belief, held by not
a few math educators, that mathematics is monolithic and, in its core, eternally unchangeable. In
reality, every generation of mathematicians must be reminded to look after the coherence of their
science, which is in constant danger. In the words of Sir Michael Atiyah (1978): we must
continually strive ... to unify. He and his colleague Isadore Singer, have just (2004) received the
prestigious Abel Prize for "building new bridges ...". A more recent Fields Medalist, Timothy
Gowers, even sees "two cultures" within mathematics itself
(wwww.dpmms.cam.ac.uk/~wtg10/2cultures.pdf): the vast and weighty tradition versus newer
and less prestigious branches such as graph theory. Needless to say, all of this is again divided
into pure and applied areas, which are, however, not as far apart as they may appear.

Though aware of their own diversity, mathematicians by and large tend to regard math
education as a rather dull but straightforward affair (cf. Fischbein (1990)). Hence they see math
educators as most of the latter see them: as a clique of uniformly narrow-minded and feckless
academics. Assigning to mathematicians an appropriate role in the transmission of their science
(cf. Bass (1997)) might, under these circumstances, do more harm than good. It is therefore
more urgent than ever to slow down (perchance to stop) the further drifting apart of these two
communities — for instance in meetings like this one -- by tracing the roots of this double
myopia. Here are some details from Germany.

Schisms

When parts of a professional community find their aims and interests increasingly diverging
from the rest, they naturally tend to form separate entities. Thus, in 1890, under the leadership of
Georg Cantor, the newly created German Mathematical Society (DMV) (cf.
http://www.mathematik.unibielefeld.de/DMVY/) split off from its more generally science oriented
parent, the GDNA (cf. http://www.gdnae.de), which had still included medicine (whence the last
letter of its acronym). The next century brought schisms within mathematics itself: statistics and
computer science, for instance, are no longer seen as belonging to it, and more schisms seem to
be in the offing. Mathematicians with a strong commitment to education had also founded their
own professional organization, the Society for Mathematical Didactics (GDM) and thereby
prepared their gradual drifting away from mathematics. In this manner, simple common interest
groupings can eventually lead to the formation of new disciplines, with separate aspirations,
assessment criteria, administrative structures, and degree granting status.

Until well into the second half of the twentieth century, the main qualification for a
secondary school teacher was to pass the "State Exam", a natural milestone on the way to a
doctorate. It was taken by the majority of future mathematicians, if only as employment
insurance, because academic jobs were rare and often unavailable even to the most talented.
Some of the great mathematicians of the nineteenth century began their careers as school
teachers (e.g. Weierstrass) and sometimes even stayed there (e.g. Grassmann). While this system
provided high school teachers with a strong background in university mathematics, it left them
to work out their own ways around pedagogy and school mathematics. After the Second World
War, as attendance of secondary schools expanded to a much more general public, these
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haphazard methods were seen to be insufficient, and lecture courses in mathematical didactics
became a useful, ultimately mandatory, part of teacher training.

With its necessary presence in academe established, the new science soon discovered fresh
fields of exploration which were not necessarily concerned with helping prospective teachers
find their way into the class room. Though pedagogy could arguably be improved by any serious
reflection on it, mathematical competence requires practice more than theorizing, which is the
central activity of any academic discipline.

Breaks

For individual careers of teachers these organizational and social separations are deepened by
the mind-boggling discontinuities already described by Felix Klein (1908) -- one of the few
major mathematicians of his time to worry about education: 'The young student sees himself at
the beginning of his university course confronted with problems which in no point remind him of
things he was concerned with at school; of course this is why he forgets all these things rapidly
and thoroughly. However, when he enters a teaching position after completion of study, he is
expected to teach traditional elementary mathematics in the traditional school manner; as he
can hardly relate this to his university mathematics, he will in most cases embrace traditional
teaching within a short time, and the university course will remain to him only a more or less
pleasant memory that has no influence on his lessons. This twofold discontinuity ...°, This
description is unfortunately still valid now, a full century later, and - alas - not only in Germany,
but world-wide.

A naive observer, heedless of word order, might expect that mathematical didactics would
step into the breach, not realizing that this would be a more natural task for didactical (or better:
educational) mathematics, which is unfortunately a non-entity in the academic world. It exists
only as a kind of amateur sport or hobby, with its own books, magazines, and competitions, but
without any central organization or recognition as a scholarly pursuit. There is no reason why it
could not find a niche in the increasingly inclusive modern university, except for the fact that it
is looked down upon by most mathematicians and actively ignored by most educators.

In both cases, we believe, the source of this attitude is what is known as math anxiety, which
is at least partly due to a fear of public embarrassment, ’a failure of nerve’ , according to Tobias
(1994). To test this by an easy example, pick any four points on a circle and mark the midpoints
of the four resulting arcs. If you ask a random mathematician to explain why the lines
connecting opposite midpoints cross at right angles, you will usually receive an evasive answer,
because most mathematicians believe that school material is "trivial" and would feel
uncomfortable in not being able to handle it effortlessly. On the other hand, most educators
would profess indifference because this concerns content, whereas their expertise lies in method.
To find someone taking it seriously, your best bet is to ask a high school teacher or student.

Islands, Prejudice, Bridges
Islands

As rifts widen, islands are created. In mathematics, this general pattern is exacerbated by a
coast line of daunting cliffs. Even inside the subject -- which is really an archipelago — intelligent
inhabitants of different parts are very often mutually unintelligible. In lieu of bridges, a system of
tight ropes, used only by a handful of acrobats, holds the subject together. Sir Michael is one of
these, but neither he nor any of his peers would claim a working familiarity with the whole.
Some of the rank and file make an effort to know their own island thoroughly, a few even try to
get acquainted with a neighboring one, but most are busy digging for theorems in their own
back-yards. They could use some of their time to whittle down the cliffs, but such work is
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scorned. Addressing the International Congress of Mathematicians, the poet Enzensberger (1999,
p.18) uses the metaphor of a fortress surrounded by a moat, with all drawbridges up and out of
order. This, it seems, is how mathematics appears to the outsider. However, the image of a
fortress connotes the kind of tangible unity which mathematics has gradually lost over the last
300 years. Sure enough, its islands -- euphemistically called "fields" -- are solidly united under
the surface, and share a subtle yet easily recognizable atmosphere, but crossing the rifts between
them is strenuous even for the experienced practitioner, and not always successful. The
beginner’s the first foothold on a ledge of one of the cliffs is still more elusive -- but probably
more exhilarating when it happens. The teacher’s job is to help find it.

If the reader were to chide us for building an elaborate metaphor to explain why mathematics
is the perennial problem child of education, we would answer that the metaphor replaces an even
more laborious explanation. It has often been said that mathematics is particularly Ahard, but we
are trying to point out that it is particularly hermetic -- not by caprice but by nature. In a recent
paper, Doerfler (2003) suggests that the gap between mathematics and math education might
eventually be filled, at least in part, by a subject he calls mathematicology, to be developed as an
analogue to musicology. The comparison can be drawn in amazingly close detail until it is
stopped by the fact that most musicians can hear, while mathematicians are constrained to
reading scores. In both cases, the main "action" takes place in the brain, but in one of them, the
latter functions with minimal outside guidance. Hersh (1986) described the situation as follows:
"Anyone who has even been in the least interested in mathematics, or has even observed other
people who were interested in it, is aware that mathematical work is work with ideas. Symbols
are used as aids to thinking just as musical scores are used as aids to music. The music comes
first, the score comes later.’ In other words, the symbols which try to convey mathematics are
like notes on a page read by a deaf audience. It is no wonder that they so often fail to elicit
applause.

Mathematicology and educational mathematics, however difficult they may be to structure,
could constitute a pleasant terrain for mathematicians and educators to meet and exchange ideas.
A starting point already exists: school mathematics, which, though not quite at sea level, is a
single island whose base has not much changed in the last three centuries. Unfortunately, it has
been badly neglected, to the point where Thompson (1994) could write: 'Indeed, the converse of
Hersh’s statement can be used to characterize typical school mathematics - first comes the
score, but the music never follows.” To remedy this seems to us an urgent and doable task. It
would be unrealistic to expect the music to waft suddenly through every class room, but there is
no reason not to begin with rehearsals immediately.

Prejudice

What seems to separate the two communities at the deepest level is the mutual
underestimation of each other’s scholarship. Isn’t mathematics the hardest of sciences? Instead
of playing on words such as 'hard' versus ‘soft’ or 'easy' (cf. Berliner (2003)), why don't we just
agree that it is one of the oldest and least popular? Its hermetic nature makes it difficult for
outsiders -- and even "insiders" of another field -- to identify trashy mathematics, while almost
anyone can easily dig up shallow and ill-written papers in the more accessible social sciences, to
which mathematical didactics has come to belong.

When Horup (1994, p. 277) observes: 'mathematicians, however, also tend to have a
handicap. The particularly important position of the logical argument in mathematics easily
leads to the opinion that everything not belonging to mathematics, particularly political and
moral thought and convictions, is illogical and beyond argument' , he certainly and
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unfortunately has a point, but when he continues: 'Furthermore it is not uncommon that
mathematicians mistake this epistemological dichotomy between demonstration and subjectivity
for a social dichotomy and, [...] take their own inveterate persuasions and prejudices for
objective truth', he unduly specializes a common human tendency (mistaking one's opinions for
truth) to mathematicians, thereby supporting the widespread prejudice that they are narrow-
mindedly wedded to logic. Mathematics not only has logical argument, but a directness of insight
which moves it closer to art than to sciences built on external evidence. Barry Mazur, one of
today's master mathematicians, says it this way (cf. LA Times, March 18, 2003): 'In
experiencing the impact of a work of art, or understanding a piece of mathematics, you are -- or
at least you can be -- entirely on your own, with no authority in sight.! He illustrates this with a
purely diagrammatic proof of the first statement in "The Book of Squares" by Leonardo da Pisa
(1225), which conveys an inescapable sense of certainty.

Mathematics education, by contrast, seems to be at a stage comparable to that of biology in
Darwin's time: confronted with a multitude of avenues to explore with an enthusiasm which is
inversely proportional to the scientific rigour it imposes on itself. How do we learn, reflect on
things, grasp concepts, have intuitions, get ideas, and so on? Fine questions to ponder, but not
ripe to answer with any certainty. The Procrustes bed of statistics will only cripple them, since
they are too complex for it, as the mathematician H. Wilf points out in a 1998 lecture (cf.
http://www.cis.upenn.edu/~wilf/ and follow the link "Other"). In one of the cases he considers,
Wilf concludes: '"The authors would have made their points much more effectively by writing a
thoughtful five page essay describing their thesis. The points ... are good ones ... [and] benefit
not at all from being forced into a pseudo-research straightjacket.' Indeed, double-blind studies
are difficult, when there is no analogue of a placebo for a changed curriculum, and ill-applied
statistics smell of pseudoscience. Many other social scientists are in the same quandary: in an
effort to obtain hard evidence, they tend to misuse the only tool available, namely statistics, and
the system of peer-review legitimizes whatever procedure is accepted in their respective
communities. But mathematical didactics has the misfortunate of standing next to mathematics,
which not only has some expertise in statistics but also in systematic doubt. A few run-ins with
questionable methods could easily lead to hardened prejudice.

All this quibbling within the ivory tower takes its greatest toll among those in the outside
world who have no choice but to swallow what is handed down to them: the preservice teachers
and, through them, the students.

Bridges

But there are hopeful signs: this PME-NA conference, for example. As far as we know, every
meeting of the AMS or CMS as well as the DMV now has an education section. In the case of
the DMV, they often give the impression of having largely ceremonial character: mathematicians
cultivating their favourite field in public. However, even that is progress and, above all, shows
good will. Moreover, DMV and GDM are in the process of compiling a cooperative issue of the
Notices of the German Mathematical Society, which will constitute as a mutual display window.

In North America, the Notes of the CMS have a regular education column, and the Notices of
the AMS support a steady trickle of articles dealing with mathematics education as a separate
discipline, not as a branch of mathematics. In one of these, Schoenfeld (2000), after first quoting
Pollak’s dictum that ’there are no proofs in mathematics education’, turns around and describes
the subject in analogy to natural science, as having "applied" branches concerned with improving
what goes on in schools and "pure" ones seeking to ‘understand the nature of mathematical
thinking, teaching and learning’. However, he admits and explains the systemic weaknesses of
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its empirical endeavours, for instance, why classical statistics cannot work, and adds: 'Findings
are rarely definitive. They are usually suggestive. Evidence is cumulative ... moving toward
conclusions that can be considered to be beyond a reasonable doubt.” Such openness goes a long
way toward dispelling the "pseudo-science" prejudice, and might even provoke interest on the
other side of C.P.Snow’s "gulf". In a similar vein, Ralston (2003) writes: 'Work in education or
the social sciences will almost never lead to provable, ironclad results’, and endorses Berliner’s
(2003) distinction of hard versus easy sciences, without going as far as to claim that educational
research is the hardest science of them all.

Despite its impulse toward pure inquiry, however, mathematical didactics is more action
oriented than its parent, and is likely to pull it into a more active engagement in education. Like
Bass (1997), Stiff (2003) calls on the mathematical community to fulfill that part of its mandate:
mathematicians working with educators as educators. Indeed, prejudices on both sides would be
most effectively softened by collaboration on concrete tasks -- of which there is indeed no
shortage. Nobody will expect mathematicians to show consummate pedagogical skill, nor
demand great theorems from educators. But the public has a right to expect each side to show a
little more interest in what the other one is doing, and both communities to put their shoulders to
the wheel.

Wake-up Calls, Official Inertia, New Directions
Wake-up Calls

In the particular case of Germany, the discussion about these problems was given new
impetus by TIMSS. Its sobering results were suitable neither for the usual finger-pointing
between specific groups nor for the classical clichés dear to the media: incompetent teachers,
uninterested students, and other-worldly professors. One of the traditional tacit assumptions of
German society was its good standing in the world of science and technology, and now its
teenagers turned out to be below average, barely ahead of the USA, distinctly behind other
countries of northern, western, and eastern Europe, "not to mention the Asian countries" whose
level was, for German students, "at an unreachable height", according to the official report. For
the first time in a long while, joint declarations (cf. www.mathematik.uni-
bielefeld.de/DMV/archiv/memoranda/timms3.html) were issued by the professional societies
concerned: the DMV and the GMD, as well as the Association of Mathematics and Science
Teachers (MNU). Each of them admitted the urgent need for correction and action in its domain.

They agree in stressing that ’... mathematics itself has changed significantly since the time of
the instructional reforms in the sixties. It seems that the corresponding changes ... in its outlook
... have not yet everywhere reached teaching practice.” One can only hope that this will not be
interpreted as a call to pile additional exotic material onto the curriculum, instead of backing
away from formalism without sacrificing precision. At any rate, such changes must translate into
modifications in teacher training both pre- and in-service. The pressure to act was further
increased by the OECDfindings known as PISA (cf. www.pisa.oecd.org/), thus moving the two
associations closer together and causing them to organize a common annual congress of German
mathematicians and math educators, to be held for the first time in 2007, at the Humboldt-
University in Berlin. It will provide each of them with a professional forum for research results,
but also display the numerous interfaces in terms of both material and personnel. We find this
indeed encouraging.

Official Inertia

Unfortunately, this new coalition was not recognized as a chance for positive change by the

educational administrators on either the state or federal level. A promotional campaign for math
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and science, launched by a commission formed by them, completely ignored the teacher training
role of universities. Honest burden-sharing was thereby aborted, and so was the multilateral
potential in the discussion of standards, which was more recently triggered by PISA. With very
few exceptions, the responsible actors, mostly teachers, teacher educators, textbook authors, and
ministerial curriculum designers remained largely among themselves, with universities and
learned societies serving at best as alibis.

In these circles, an old and nefarious prejudice seems chronic, namely that research
mathematicians have nothing to offer in educational matters; the message of Schoenfeld (and
others), that educators are not necessarily interested or competent in policy, has not yet reached
them. Thus it appears that the ministerial apparatus is a self- stabilizing system with its own
dynamics and rarely open to outside suggestions, except those which happen to be in favour
with politicians second-guessing the public. Experience with it is apt to confirm many a
university mathematician in an attitude of resigned disinterest; the few laudable exceptions to
this statement do not suffice to negate it. In the longer run, math educators are also likely to find
that open-ended inquiry is not of much immediate interest to decision makers.

In fairness to administrators, we should admit that they have good reason to expect our
newly found common voice to be short-lived. But even if it lasted, it would make such
unaccustomed financial, temporal, and organizational demands that immediate action is
impossible for lack of a blue-print. They would affect the following areas.

Curriculum. This is the area most familiar to education administrators: they firmly and
almost exclusively believe in the salutary effects of curricular change - in spite of international
evidence to the contrary as shown by many failed reforms (cf. also Schoenfeld, 1994). Its
attraction consists of its relatively low cost coupled with its unquestionable, albeit limited, short
term effectiveness. In the long term, it can even be counter-productive (witness: the New Math).

In-service Training. Of course, we would also ask for the means to improve professional
development, since the classical forms must be regarded as failures, while successful ones (cf.
Cooney & Krainer, 1996) are relatively rare. One obvious weakness of these schemes is that they
reach only individual teachers, who do return to their schools with renewed enthusiasm, but soon
buckle under the daily pressures, with little support from colleagues or school administrations.
The lack of psychological insight in such designs is enough to make even a mathematician blush.

Pre-service Training. The mathematical education of teachers offers the greatest room for
improvement, but is also the most shackled by tradition. An outside observer might conclude
that, in this domain, mathematicians and educators stand in each other’s way, the former by
remaining stuck their professional perspective even where it does not apply, the latter by refusing
to get involved in "content" even where it is urgently needed. Until this split is repaired,
education administrators can rest assured that there is no need to hurry.

New Directions

A more positive impact on the educational scene, especially as regards mathematics, comes
through outside initiatives by the private sector (cf. http://www.mint-ec.de) and various support
programmes offered by foundations (cf. http://www.nat-working.de). Implicitly, these
programmes contain a belief in progress through paradigmatic change: research scientists
transmitting science in schools, professional teachers on leave to act as serious participants in
university research teams, students in mixed teams sharing learning experiences with teachers
and having direct contact with professional researchers, and so on. Emotional benefits and social
contacts are, of course, part of the plan.
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The goal of the most ambitious private sector initiative, known as MINT (M = mathematics,
I = informatics, i.e., computer science, N = natural science, T = technology), is to identify
schools which are particularly innovative and effective in mathematics and science teaching, and
to give them special support and public status. Today almost 100 schools carry the challenging,
nonpermanent designation as Centers of Excellence for MINT. In these schools, teachers as well
as students are given special opportunities to develop their mathematical interests; in-service
training courses, for instance, can be organized at a high level. Moreover, the sponsors aim at
enhancing the teachers’ all too often low esteem of their own work by providing generous
furnishings and equipment. There are, after all, not only talented and highly motivated students,
but teachers cut of exactly the same cloth, and any encouragement of them has an immediately
multiplied effect on the whole system.

Unless special efforts are made, these currents could easily by-pass both professional
mathematics and mathematics education, the former because of its innate hermeticism, the latter
because of its redundancy in an environment which addresses teachers and students directly,
without mediation. For mathematics, this would mean putting its practical foot forward: much of
what is actually used in industry is within comfortable reach of even the "purest" abstract
mathematician. Care would have to be taken to show this foot as clearly belonging to a larger
body with many more attractions. Similarly, educators would be called upon to turn toward the
"applied" aspect of their discipline, i.e., pedagogy and communication, and also seize the
opportunity to open windows showing aspects of the social sciences. If the two communities rise
to this occasion, it could be the beginning of building a durable bridge -- around which
mathematicology and educational mathematics might grow as well.

At the moment, even the professional societies -- who began the schisms -- seem to come
around to a new way of thinking. They realize that, all across Germany, the problem is too
massive and too serious to allow small groups any chance of effecting socially significant
changes. The separations of the past are now to be at least partially reversed. Nevertheless, a
certain hesitancy and fear of being reabsorbed is palpable among mathematics educators, while
mathematicians seem to welcome all the pedagogical help they can get, as long as -- noli
tangere circulos meos -- they get enough time to indulge their brains.
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The study reported here is part of a larger yearlong study on inservice secondary mathematics
teachers’ knowledge and understanding of problem solving and the teaching of problem solving.
The report here focuses on examining the outcomes on a problem solving assessment that
indicate that the most significant gains in the abilities of the inservice teacher participants to
demonstrate mathematical understanding in problem solving and to use complex strategies in
mathematical problem solving occurred after a mathematical problem-solving (MPS) course
focusing on reading articles from research and practice in problem solving, applying and
discussing Polya’s problem solving strategies in the context of in-depth problems, and examining
rubrics for assessing students’ work in problem solving.

As a Process Standard in the Principles and Standards for School Mathematics (NCTM,
2000), problem solving plays a prominent role in reform efforts in mathematics education.
However, many teachers feel ill-prepared to teach problem solving and have had little experience
solving open-ended or open-middle problems that require more than simple applications of
algorithms and formulas. For this reason, courses for mathematics teachers at the graduate and
undergraduate levels must be refined to address mathematical problem solving in a rich manner.

Teachers need to be the first to become problem solvers in their classroom (Wilson,
Fernandez, & Hadaway, 1993).Wilson et al. (1993) also discuss different aspects of
mathematical problem solving in secondary classrooms and some of the inconsistencies in
instruction. Comparing the emphasis on problem solving in the NCTM Standards and the manner
in which it is taught in the classroom raises questions about how teachers’ beliefs about problem
solving affect their teaching behavior in the classroom. Teachers often cite various reasons for
not incorporating more problem solving in their teaching: time factors, difficulty for students,
curriculum issues, complicated to assess, not easy to find appropriate mathematical tasks.

To be competent problem-solving practitioners, teachers need knowledge that includes both
procedural (Eisenhart, Borko, Underhill, Brown, Jones & Agard, 1993) and conceptual or
content knowledge (Leinhardt, 1988; Eisenhart et al., 1993). Procedural knowledge denotes the
rules, procedures, and skills necessary for completing a task. However, procedural knowledge
may or may not be supported by conceptual knowledge (Hiebert & Lefevre, 1986). Conceptual
or content knowledge denotes the ability to understand the concept and connect or apply several
different ideas. For mathematics teachers, conceptual knowledge also includes ability to
generalize, determine multiple representations, describe relationships, and exhibit higher order
reasoning skills. In addition, developing problem-solving practitioners need to explore the role of
metacognition in mathematical thinking or problem solving (Schoenfeld, 1985).

Information about teachers’ problem solving progress in the classroom can be gathered by
discussions with teachers about the scores they assign to student problem-solving work and their
rationale in assigning the scores (Vasquez-Levy, Garofalo, Timmerman and Drier, 2001).
Though teachers expressed the same rationales they weren’t valued to the same degree. Hiebert
and Leferve (1986) claim that competency in mathematics involves knowing how concepts,
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symbols, and procedures relate. This underscores that both conceptual and procedural knowledge
are needed to be a successful mathematical problem solver.

This report focuses primarily on the results from the problem solving test which was
designed by the researcher and piloted prior to this study. The work of White and Michelmore
(1996) in studying students’ conceptual knowledge in calculus motivated the design of the
problem solving tasks and methodology. Their framework characterizes a goal of having
students move away from applying only procedural knowledge (procedures learned by cues) and
move toward applying conceptual knowledge (grasping the relationships between mathematical
objects in context).

Method

The study was conducted at a midsize (25,000 students) Texas university with one-fourth of
the student body enrolled at the graduate level. A group of sixteen inservice middle school (n=3)
and secondary (n=13) mathematics teachers participated in a yearlong professional development
program focused on mathematical problem solving. All of the participants were certified teachers
and were employed as full-time teachers. Fifteen held secondary (grades 7-12) certification and
one held an elementary grades certification (grades 1-6). Four different school districts were
represented in this group; however, half of the participants came from a single school district.
Half of the participants had more than six years of experience teaching, 5 of the 16 had taught
more than12 years, and five were in their first two years of teaching. The average number of
college hours in mathematics for the group was 36 hours. Nine participants had taken a college
level mathematics course within two years of participation in the study; however, there were five
participants who had not been in a college level class in over 20 years. Twelve of the participants
were female and four were male.

Participants began the program in a course in Discrete Mathematics that focused upon
various modes of group learning and leveling concepts about functions, mathematical reasoning,
and mathematical inquiry. After the initial forty-five hours of instruction in Discrete
Mathematics, the participants enrolled in a course in mathematical problem solving. In the MPS
course, participants read and reported upon articles in research and practice in problem solving,
applied and discussed Polya’s problem solving strategies in the context of their approaches to in-
depth problems from discrete mathematics, geometry, algebra, and calculus. They also examined
rubrics for assessing students’ work in problem solving. Using a guide created by the researcher,
they engaged in creating their own in-depth problems to elicit mathematical problem solving
behaviors in their students on difficult concepts. The MPS course was followed by a course in
probability and statistics with an emphasis on problem-based learning and real-world
applications using technology. Data was collected systematically throughout the program in the
form of student interviews, journal entries, student class work, pre- and post- tests of baseline
skills and pedagogical strategies used in the classroom, and a problem solving assessment that
was administered at four different intervals during the yearlong program. As a group, the courses
consisted of some short lectures, small group and whole class discussions, student and group
presentations and constant feedback and reflection for the participants enrolled in the courses;
this model is characterized by Santos-Trigo (1998) and Schoenfeld (1991) as indicative of a
successful problem solving classroom setting.

To focus on the development of teachers as problem solvers, the researcher designed and
field tested a series of tasks that had been developed into four items each to delineate between
various levels of sophistication in problem solving. Four tasks were the focus of the test items for
this study. The mathematics needed to solve the tasks did not go beyond a typical second-year
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algebra high school course. Each task was structured in four versions so that the manipulation
(procedural knowledge) required to solve each version was essentially the same. However, the
difference in the versions (items) was that at each successive level the depth of conceptual
understanding of the mathematics and the sophistication of the modeling and generalization
decreased. Thus, Item 1 was the most challenging version of the task, while item 4 was the
version that required almost no translation into mathematics but simply a straightforward
manipulation because almost all of the translation to mathematics had already been completed.

In total, there were sixteen different items created from the original four distinct tasks.
Descriptive names were assigned to each task that suggest the focus of the task: Projectile Task,
Graphs Task, Fractals Task, and the Probability Task. The Projectile Task focused on a projectile
motion problem and is given in Figure 1. The Graphs Task focused on a task from Schoenfeld
(1998, p. 98). Its solution is extremely tedious algebraically and is more readily obtained
graphically. The Fractals Task developed the Koch snowflake curve from a given hexagon.
Participants were asked to make predictions and reason through them. Finally, the Probability
Task addresses conditional probabilities.

A projectile is launched and travels according to the
law s(f) = at —bt” . where a and b are constants, t is the time in
seconds after it is launched, and s(f) is the height in feet above the

Item 1 | oround at time t. We know that after 1 second the projectile is 80
feet high and that after 4 seconds it is 128 feet high. There is a
pavilion structure over the launch site that extends 7 feet and is 140
feet high. Does the projectile hit the roof of the pavilion?

A projectile is launched and travels according to the
law s(f) = 96t — 167 . t is the time in seconds after it is launched, and
Item 2  s(f) is the height in feet above the ground at time t. There is a

pavilion structure over the launch site that extends 7 feet and is 140
| feet high. Does the projectile hit the roof of the pavilion?
A projectile is launched and travels according to the

law s(t) = 96t — 167, t is the time in seconds after it is launched, and
s(f) is the height in feet above the ground at time t. Find the
| maximum height reached by the projectile.
Item 4 Given s(f) = 96t —16¢* . Find the vertex.

Figure 1. Four versions of the Projectile Task.

Item 3

Although the mathematical skills required for solving the projectile problem are typically
learned in a second-year high school algebra course, the modeling and conceptual connections
necessary for solving Item 1 of this set of items require more than a procedural application of
finding the vertex of a quadratic function. For each item of the Projectile Task, the final step
requires finding the vertex or the maximum for the same quadratic function. Note that the most
challenging item, Item 1, requires translation of the situation into mathematics to determine the
function and its applicability to the situation. A participant must conclude that the vertex must be
found in order to complete the task in contrast to Item 4 which tests procedural fluency. For Item
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4, no mathematical connections must be made other than recalling how to find a vertex for a
quadratic function. In Item 2, the quadratic function is given, but students must discern how to
use the information given. For Item 3, the problem situation is the same, yet the problem asks for
the maximum height of the projectile—leading student thinking rather than their having to see
the connection to the vertex of the parabola.

Participants were tested on four occasions: before the Discrete Mathematics course, before
the Problem Solving course, before the Probability and Statistics course, and at the end of all
courses. The participants were divided into four parallel groups of 4. They were not aware which
group they were in. Four tests were constructed (test A, test B, test C, and test D) and each test
included four items: one version of each of the four tasks. Each version of each task occurred on
one and only one test and each test had only one question in each version. As in White and
Michelmore (1996), a cyclic scheme was used to administer the tests to each of the four groups
over the four data collections.

Participants were randomly placed into four different groups: A, B, C, and D. Their group
name corresponded to the test they took first. In the successive administrations of the exam, the
following cyclic scheme was used: (A,B,C,D) & (B,C,D, A) & (C,D, A, B) & (D, A, B, C).

Note in Figure 2 that Test A consisted of Item 1 from the Projectile Problem, Item 2 from the
Fractals Problem, Item 3 from the Probability Problem and Item 4 from the Graphs Problem.
Also, note that the items on the Probability Problem labeled Item 3A, Item 4B, Item 1C, and
Item 2D denote that the most difficult (with respect to problem solving sophistication needed for
solution) version of the probability problem is on Test C. Thus, the label Item 1C is given to the
highest level probability problem. A similar scheme is used in enumerating the other items. Each
item has a unique identifier that indicates the test on which is occurs and its problem-solving
level.

Test A | Item 1A: Item 2A: Item 3A: Item 4A:
Projectile Task | Fractals Task Probability Task | Graphs Task
Test B | Item 1B: Item 2B: Item 3B: Item 4B:
Graphs Task Projectile Task | Fractals Task Probability Task
Test C | Item 1C: Item 2C: Item 3C: Item 4C:
Probability Task | Graphs Task Projectile Task | Fractals Task
Test D | Item 1D: Item 2D: Item 3D: Item 4D:
Fractals Task Probability Task | Graphs Task Projectile Task

Figure 2. Problem solving test composition per group.

Purposefully, the tasks were chosen so that the problem solving tests were mathematically
interesting and challenging and required various levels of problem solving ability to solve, but
were not beyond participants’ scope mathematically. The goal was to test problem solving
growth rather than growth in a particular mathematical content topic.

Each item was scored using a rubric adapted by the researcher that focused upon
understanding, strategies, and accuracy on the task. The rubric was adapted from a problem
solving scoring rubric that was used by the Oregon Department of Education (1999) to grade
statewide open-ended problem solving assessments and benchmarks. The rubric provided a guide
toward uniform evaluation of problem solving performance.

The scoring of all items took place after the conclusion of the yearlong program. The items
were independently scored by three experts. After all scoring was completed, the group of
scorers met to discuss any discrepancies in scoring. None of the scorers was aware of the scores
that had been assigned by the others until this meeting. Where scoring differed, the scorers
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discussed the rationale for their scoring and a consensus was reached on the final scoring of the
problem to be used in the data analysis.

The scores associated with each category of the rubric ranged from zero to seven for
understanding, zero to seven for strategy, and zero to five for accuracy. Thus, each item had
three numerical scores. Scores were tabulated on frequency charts. For data analysis, the scores
were grouped into two categories. The scores 0-3 were grouped in each category to indicate
underdeveloped understanding, ineffective strategies, or incomplete/incorrect accuracy,
respectively. Scores higher than 3 were grouped to indicate expanded understanding, useful
strategies, or adequate accuracy, respectively.

Frequency charts were made recorded to tally the number of each score in each category
(understanding, strategy, accuracy) by item number or sophistication level (1,2,3,4) and then
another frequency chart for each category again by item number that tracks the time the test was
given or testing period. The average scores for each particular problem (example: 2B: Item 2 of
the projectile, etc.) were also calculated and charted together for U-understanding, S-strategy and
A-accuracy.

The data was modeled in terms of main effects of the factors involved. A model-smoothed
estimate was obtained based on logistic regression modeling. From this, a probability estimate
was calculated for scores on each problem with regard to the item number and the testing period.
Because of the small sample size, the scores for understanding, strategy and accuracy were
grouped as mentioned earlier to create dichotomous data in each category.

Results/Discussion

Using a model-smoothed estimate, there was a statistically significant increase in
“understanding” scores for all item numbers in that testing period three and four were higher
than the first testing period. Probability estimates on “strategy” scores reveal a statistically
significant increase in all tasks and all item numbers in that testing period three was higher than
the first testing period. Accuracy scores showed that for testing period four there was a
statistically significant increase when compared to testing period one regardless of task or item
number. It is to be noted that testing period three is immediately following the problem solving
course and testing period four is immediately after the probability and statistics course (the last
course in the sequence).

The statistically significant increase in understanding scores on all problems for all item
numbers for testing periods three and four may be attributed to the ongoing nature of the
professional development. A high score in the understanding category denotes competency in
interpreting concepts and processes and translating them into mathematical statements. This
reflects positively upon the professional development program in that participants showed an
improved ability to interpret concepts and processes in problem solving after the MPS course and
after the probability and statistics course compared to their initial understanding scores.

For the strategy category of the rubric, there was a statistically significant increase in strategy
scores on all problems and all item numbers during the third testing period compared to the first
testing period. A high score in the strategy category indicates an enhanced use of pictures,
models, diagrams, and/or symbols used to solve the task. It is important to note that the most
significant change took place after the course in Problem Solving. One of the central themes in
the problem solving course entailed multiple representations in solving problems and the creation
of rich problem solving tasks that required multiple solution strategies and approaches. This
result will help focus further research about the effects of courses on mathematical problem
solving.
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Although the accuracy scores were not of primary interest in the data analysis, the finding
that there is a statistically significant increase in the accuracy scores in testing period four when
compared to period one possibly indicates that persistence and ability to justify and support
mathematical conclusions were developed over the course of the professional development
sequence.

Overall, the results indicate a positive influence of the professional development sequence on
mathematical problem solving among the participants. With largest gains, in understanding and
strategies following the MPS course. The overall vision for all the courses contributed to these
outcomes in that the courses embraced ideas on models of successful problem solving
classrooms (Santos-Trigo, 1998; Schoenfeld, 1991).

Although a statistically significant increase in the scores in all areas was noted, the
complexity of the statistical analysis on the data collected was limited by the small sample size
and the number of variables involved (problem, difficulty, and testing period). The sample size
and number of variables also reduced the number of conclusions that could be reliably claimed
from the data. Other factors that may have influenced outcomes are the possible subjectivity of
the grading rubrics and the possibility of the variation of the grading from problem to problem. It
is also important to note that to achieve a high score on a difficult problem required more
mathematical translation than on less difficult problems because the translation was provided.
This means that a high score on the less difficult problems could be obtained with less translation
and more manipulation or mechanically solving the problem. As with any qualitative approach to
scoring open-ended and open-middle problem solving tasks, Vasquez-Levy et al. (2001) note
that inconsistency in grading problem solving—even when rubrics are provided and used—and
granting partial credit. They also note that many times partial credit that is awarded is awarded
more generously if a solution is approached a manner consistent with the grader’s own approach
to solving the problem.

If we are to have secondary mathematics teachers that are successful in teaching
mathematical problem solving to their students, then they must first become successful problem
solvers in their own right (Wilson, Fernandez, & Hadaway, 1993; Schoenfeld, 1992). To be
successful in problem solving, teachers must be exposed to challenging and interesting
mathematics in an environment that models a successful problem solving classroom. In this
study we provide supporting evidence that professional development for secondary teachers in
the form of graduate mathematics education courses with a dedicated focus on problem solving
can improve teachers attitude toward mathematics as well as their problem solving ability with
respect to understanding of problems that require more translation into mathematics, strategy for
approaching and thinking about those problems which in turn improve the accuracy in which
they solve them. Embedded in this work is the idea that teaching teachers in a manner that
models successful teaching strategies for teaching K-12 students will help improve mathematical
instruction for all students. Further work is needed on how professional development experiences
not only increase a teacher’s own problem solving knowledge but also their effectiveness at
increasing problem solving knowledge for the students they teach. This research provides a
foundation for exploring what specific professional development experiences are necessary to
develop teachers as problem solvers, what duration is most effective, and what long lasting
effects these experiences have on teachers’ attitudes and beliefs about mathematics.
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Endnotes

Participants in this study were supported by the Texas Eisenhower Higher Education

Professional Development Grants Program #2049.
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The teaching preparation of mathematics teacher educators has not been an area of
programmatic or systematic attention in doctoral programs of education, which most
prominently focus on the content, discourse, and practices of educational research. Such
inattention to the teaching development of teacher educators propagates the very same myths
schools of education tend to challenge, such as ‘experience is the best teacher.” This study
investigated the experiences of 8 first and second year doctoral students in a ‘teaching
practicum’ doctoral course designed to support their teaching of future teachers of mathematics
and their development as mathematics teacher educators. The analysis of these experiences shed
light on the study’s questions: what is involved in learning to teach future teachers of
mathematics and what role does (or might) a doctoral course play in such learning?

Introduction

While challenges of learning to teach mathematics have been widely documented over the
past two decades (see Ball, Mewborn, & Lubienski, 2001; Brown & Borko 1992), challenges of
learning to teach future teachers have received much less attention. Challenges of teacher
education have been explored broadly (e.g., Katz & Raths, 1992) and several endemic dilemmas
have been identified, such as interplay between theory and practice, and programmatic
coherence. Challenges of learning to teach future teachers has also been explored by individual
teacher educators as they reflect on and study their own practices (e.g., Feiman-Nemser &
Featherstone, 1992).

In light of such challenges, researchers (e.g., Heaton, 2000; Nicol, 1997) raise questions
about the lack of attention to learning to teach prospective teachers in graduate schools of
education. As a recent study of students’ experiences reports, 83% of doctoral students surveyed
stated that, “enjoyment of teaching made them interested in being a professor” (Golde & Dore,
2001, p. 21). Yet, respondents also indicated that support for such work - organized and
sustained professional development - varies greatly across institutions and within and across
departments. Furthermore, as Golde and Dore note, it is not preparation for teaching that
comprises a significant portion of graduate student work. Rather, preparation to conduct research
tends to receive the greatest attention in courses, guided practica, and faculty-student
interactions. Despite this, it is a widespread practice for graduate students to teach undergraduate
preservice courses as part of their assistantships.

Concern for the teaching preparation in doctoral programs is also represented in a recent
document that compiled mathematics educators’ discussions around preparation of doctoral
students (Reys & Kilpatrick, 2000). In this document, Lambdin and Wilson (2000) stated that:
“doctoral programs in mathematics education must ensure that students are involved in a variety
of teaching experiences, both in schools and at the university level” (p. 82). The form, length,
and number of such experiences, however, were not specified and were reportedly a point of
disagreement among the mathematics educators at this retreat.

In response to concerns similar to those stated above, our Department of Teacher Education
launched a programmatic effort to explicitly mentor graduate students into their roles as future
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teacher educators. Doctoral students, who are or will be teaching preservice teachers for the first
time, are required to take a “practicum in teaching” course. The purpose of this study is to
investigate the role such a course plays (and might play) in helping doctoral students learn to
teach and to inquire into their teaching of future teachers of mathematics.

This study contributes to the scarce literature on preparation and development of beginning
mathematics teacher educators. It also provides another perspective to the largely “self-study”
approach to the process of learning to teach future teachers. It examines this process in the
context of a graduate course aimed at supporting the development of future teacher educators. In
addition, this study serves to open up the conversation on (a) what is involved in learning to
teach prospective teachers of mathematics and (b) the kinds of formal and programmatic
experiences that might help prepare future teacher educators to learn to teach K-12 preservice
mathematics teachers.

Theoretical Perspectives

The design of the course and study draw on the perspective of learning to teach as a complex
life-long process (Feiman-Nemser, 1983). Similarly, processes of learning to teach prospective
teachers are considered life-long endeavors that cannot be addressed solely through course work
or teaching experience. This is also consistent with constructivist views of learning as
prospective teacher educators come to graduate school with past experiences, knowledge, and
beliefs, which influence how each will experience the teacher education program as learner and
as teacher. The study also takes the perspective that teachers’ practices are shaped by their
knowledge and beliefs (Borko & Putnam, 1996; Calderhead, 1996) and therefore these must be
objects of inquiry and sites of learning. With these in mind, the course aimed to provide students
with experiences in support of the following goals (each illustrated with an example of the kinds
of activities that aimed to support them:)

+ Examine perspectives on what teachers need to know and be able to do to teach
mathematics in elementary and secondary schools. Supported by examinations of their
own ideas through mathematics education biography and learning about others’
perspectives as stated in standards, course syllabi, readings;

e Experiment with a variety of pedagogical approaches and resources in mathematics
teacher education. Supported by reviewing and trying resources and developing records
of practice and/or a collection of teaching resources along with a statement of teaching
philosophy;

e Become familiar with the variety of contexts for teaching and learning in the teacher
preparation program. Supported by creating a map of program in relation to their teaching
assignment; observing in other classes; interpreting these in light of National Council of
Teachers of Mathematics (NCTM) research companion and/or other relevant readings;

e Consider questions, approaches, and methods of research in mathematics teacher
education. Supported by reading and discussing research articles that used different
approaches and methods to investigating similar research questions; and

* Design and conduct research in the context of their teaching. Supported by discussions of
various iterations of drafts of ‘researchable questions’; public poster presentation of draft
question and research plans; paper and presentation of research project findings.

Data Sources and Analysis

Data collected focused on class activities and participants in the “practicum in teaching”
course. Instructors for the course are both junior faculty who teach in the teacher preparation
program at this institution. The course meets throughout the Fall and Spring semesters and it is
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scheduled as a 2-hour seminar and a lab activity every other week. The data consist of class
agendas, written assignments, audiotapes of selected class discussions, students’ feedback and
interviews regarding their experiences, and classroom observations of the participants’ teaching.

Participants include first and second year doctoral students with varying degrees of K-12
teaching experience, with different nationalities, and with different teaching assistantships
(secondary or elementary). Data of eight course participants collected over two years are used to
construct individual cases that are later used to uncover patterns and develop themes across cases
(Yin, 1989). Case studies document prior experiences, knowledge, and beliefs these novice
teacher educators brought to the course, as well as how those factors interacted with their
learning from course activities and from their own teaching experiences. We present preliminary
insights and provide an overview of questions we are continuing to explore.

One theme that emerged through this analysis is that of identity, which led us to explore the
role it plays in the ways in which participants engage with course activities. One identity-related
theme is students’ reluctance to call themselves “teacher educators.” One participant, for
instance, wrote “Sometimes when I really think about where I am and why, I am surprised. My
most bizarre vision of what I might become when I finally grew up never included math teacher
educator.” Another stated: “While I have always wanted to be a teacher educator, I was as
surprised as anyone to discover that what I wanted to focus on was math.” And another
confessed: “I found myself interested in teaching teachers because I needed a job in graduate
school.”

Another theme we examine is the value participants attributed to the “practical” and
“research” aspects of the course, and the ways these activities influenced their thinking and
teaching practices. Throughout the course, students had opportunities to analyze syllabi, create
and discuss records of teacher educators’ practices (lesson plans, cases, class videos,
observations of others’ teaching), and analyze preservice teachers’ work. They also had
opportunities to engage in more research-oriented activities, such as reading and analyzing
research papers with a focus on mathematics teacher education, designing and conducting a
research project within their teaching context, and sharing their work with a broader audience
through presentations. Understanding our participants’ perceptions of their experiences with
these two kinds of activities can shed light on their development processes.

Results

We choose to report by theme rather than by individual case to ensure anonymity of our
students. To that end, we are purposefully unspecific about the research project questions any
one student investigated since these projects have been presented at conferences and might
become publications. We use clusters of quotes and summarize similar points of views so that no
one particular case is revealed. Instead we present the results as a composite case of the common
issues experienced by the students. Next we report on preliminary findings from our analysis of
the data. First, we report on students’ experiences related to developing a mathematics teacher
educator identity; and second on interactions with the teaching and research related activities of
the course.

To Be or Not to Be! Challenges of Becoming a Mathematics Teacher Educator

Wenger (1998) argues that learning involves the development of identity, the changing of
who we are, in the context of the communities of practice in which we participate. He states:
“Because learning transforms who we are and what we can do it is an experience of identity. It is
not just an accumulation of skills and information, but a process of becoming—to become a
certain person or, conversely, to avoid becoming a certain person” (p. 215). Our identities, then,
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are shaped by our participation or non-participation in various practices, which in turn shapes our
communities of practice. Developing an identity is a constant process of negotiation. “We are
always simultaneously dealing with specific situations, participating in the histories of certain
practices, and involved in becoming certain persons” (Wenger, 1998, p. 155).

The move from classroom teacher to graduate school is as awkward as any other life event
when the old self moves out of familiar places and practices and into new ones. The graduate
students came with varying degrees of experience teaching in K-12 schools (zero to ten years);
three had teaching experiences beyond K-12; one taught content courses (in a different subject);
another taught teacher education courses outside of the U.S.; and another was a teacher leader
who provided professional development to other teachers.

The students differed in teaching assignment (elementary, secondary, not teaching). The
three who were not teaching ‘shadowed’ another instructor throughout the duration of the course.
They also differed in the extent to which they identified themselves as ‘math smart’ or ‘math
strugglers;” and in their views on their accomplishments as teachers. Most, regardless of
background in mathematics (major, minor, minimal), considered themselves ‘math frauds’—
students who had good or hard-earned grades but had never really understood mathematics until
some life changing experience with it occurred (during undergraduate studies, in teacher
preparation, in professional development) that hooked them into wanting to learn more for
themselves and share it with others. Some said they liked mathematics more when they started to
teach than when they studied it in school. Regardless of their experiences with mathematics or
teaching, each student had come to graduate school because they wanted to learn more about
mathematics, research, and/or teaching.

As mentioned earlier, students hesitated to identify themselves as mathematics teacher
educators. In their mathematics education biographies they wrote little about what they
anticipated learning and doing in their new teaching roles even though this was an explicit
prompt of the assignment. We gleaned more into their ideas through discussions and later
assignments such as when we asked the students on the first day of class to find their place in a
continuous line labeled math/math educator at one end and teacher/teacher educator at the other
end. We also asked students to quick-write and discuss responses to questions such as: “What do
you think is the most challenging thing about learning how to teach mathematics? What do you
think the most important thing is you can do to help your students learn to teach well?

The map of the teacher/teacher educator—math/math educator revealed that our students
located themselves nearer to one of either side rather than close to or at the middle. Students’
responses to questions that elicited their thinking revealed the wealth of knowledge and ideas
they had brought with them that were consistent with many of the views and goals explicitly
stated in teacher preparation standards and our institution’s program standards but that also
lacked clear articulation. Their statements also revealed their troubles identifying the expertise
they brought that could help their students learn to teach well. Their responses to what is
challenging about learning to teach mathematics included: “move from being a student to
becoming a professional,” “teaching people that are different from yourself,” “developing a good
understanding of mathematics,” “managing class discussions,” “develop confidence in own
ability to do math” (elementary majors), “translate content they know to make it understandable
to kids” (secondary). Responses to what they could do to help their students learn to teach well
included statements such as: “model good practice and being a transparent facilitator—Iletting
them see what you’re thinking,” “being flexible, positive, and open-minded,” “help them
understand the whys in mathematics.”
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Students were less clear or forthcoming about the experiences and knowledge they brought to
their new roles. Their statements reflected desires to share and promote in their future students a
passion and enjoyment with mathematics and teaching: “My gift as a teacher educator is that |
know what a mathematical awakening looks like;” “I want to provide preservice teachers with
the kinds of mathematical experiences I had.” Their comments also reflected views of teachers
and teacher educators in their past that they wanted to emulate and others they much rather not
be. They described teachers who did or did not practice what they preached, who knew (or not)
their content and could or could not teach it, and teachers who did and did not seem to care for
their students.

These comments make evident students’ preoccupation with establishing themselves as
knowledgeable teachers who care for their students. The students’ reluctance to claim identities
that included expertise in the subject and or practices of mathematics teaching interacted in
interesting ways with the course activities, teaching assignments, and their developing identities
as mathematics teacher educators. Consider the double bind for them to claim an identity either
as a math struggler or a math smart. Claiming either identity undermines the possibility of
connecting with future teachers of mathematics who look to ‘learn from’ either an expert in the
content they will be teaching or someone who understands what is like to struggle with
mathematics. These identity ‘crises’ created two interrelated challenges that participants
experienced throughout the course—developing credibility and integrity as mathematics teacher
educators.

Issues with developing credibility (being regarded as having expertise in the content and
practices of mathematics teaching) arose during the course activities when these revealed the
participants’ inexperience with either mathematics and/or with teaching practice. These occurred,
for example, when particular content was examined through a reading (e.g., division of fractions
in the case of Ms. Daniels in Borko and colleagues, 1992), when students presented their
‘researchable questions’ to other mathematics education students and faculty across our campus
in a public poster session, or when peers or instructors challenged their ideas about mathematics
or teaching. In the context of their teaching, issues of credibility were more pressing when their
knowledge and practices were challenged by their students, the collaborating teachers who
worked with their students, or by fellow instructors. These issues were amplified by the history
and reputation of the teacher preparation program in which they now worked and studied.

Issues with developing integrity in their practice (modeling the kind of mathematics teaching
they wished to promote) were also constantly brought to the fore during course discussions and
activities. Typical opening discussions during the seminar where students would share ‘how
things were going’ in their classes were filled with stories of struggles to enact what they
believed to be good teaching practices in a context that was not quite like the classrooms they
had left behind. The fact that their students were adult learners who did not appreciate being
treated as children (even if role playing), for example, was one such challenge to modeling the
kinds of practices they wanted their students to experience and adopt. Another was facing the
fact that they were now outsiders to what happens in real mathematics classrooms (they were no
longer practicing teachers, had not taught in this country, or had not taught at all) so using
examples of their own teaching did not always achieve the intended purpose. Another challenge
was to allow their teacher education students to take risks and make mistakes—which they
valued as a process for meaningful learning—when those mistakes involved real children.
Resisting the temptation to give into a pedagogy of ‘showing and telling’ turned out to be much
more challenging than any of them had expected. The following quote written by one of the
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graduate students during the second half of the course reflects issues of credibility and integrity

the students experienced.
How do we create meaningful activities, engage in powerful and reflective dialogue, and
facilitate conversations if our personal contexts and those we teach in are so different and
all disconnected from the reality of specific classrooms and kids? Is there a “better” way to
construct teacher education? If so, how might this look?

Researching and Teaching: Looking for Connections and Balance

The challenge of developing an identity as a mathematics teacher educator is also a challenge
of learning to connect and balance the worlds of research and teaching and learning and to move
from the outside to the inside of (and between) these communities of practice. The students’
positioning as insiders or outsiders to either practice interacted with the course requirement to
conduct research in the context of their teaching. This brought to the fore tensions between
research and teaching in ways that typical work in doctoral courses do not.

Tensions between researching and teaching are widely documented in educational research
literature where disparate views about their relationship abound. Some say that educational
research does not speak to the concerns and interests of teachers (Atkin, 1992). Others observe
that educational research does not often seem to speak to academic researchers either (Eisner,
1984). There are those who see the two practices in competition with one another (Kline, 1977;
Wong, 1994) and those who claim the two are essential to one another (Wilson,1994).

Issues of connectedness and balance when conducting research in the context of their
teaching became explicit foci of conversations and preoccupations for the graduate students and
their instructors. Questions raised throughout the course in relation to these issues included: How
much emphasis and attention should be placed on teaching and how much on research projects?
Where do research questions come from: theory, practice, both? How are these kinds of
questions different or similar? Does research inform teaching? If so, in what ways? How can one
be both a believer and a skeptic of one’s teaching and what students are or are not learning?

Issues of connectedness between researching and teaching were experienced differently by
those who were and were not teaching during the course. These were evident in the kinds of
‘researchable questions’ the two groups of students posed, how much or how little their
questions changed over time, the extent to which their questions focused on exploring, assessing,
or changing their students’ thinking, in terms of the conclusions they reached about what the
students had or not learned in teacher education courses, and the value and usefulness they
attributed to teaching and research related activities of the practicum in teaching doctoral course.

Issues of balance between teaching and researching were also experienced differently,
although both groups (teaching/not teaching) spoke often of not letting their teaching and/or
research activities ‘take over their lives.” Questions of balance were brought up for both groups
when they had to make a final commitment on what to study in this context when they
admittedly had many questions and wanted to learn as much as possible about teaching future
teachers. Questions were also raised by both groups about the expectation that they would devote
ten hours a week to their teaching responsibilities (as stated in their teaching assistantship
contract) and the fact that they were (or could see themselves) working twice that amount of
time.

Another issue of balance had to do with figuring out what could be learned from their
research studies that was specific to their teaching. Those who were teaching seemed to have a
harder time relating their research to a broader audience whereas the other seemed to struggle
with drawing lessons from their studies that would help them in their future teaching. Finally
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another issue of balance related to how much time was spent in the course on either of these
activities and the challenges of designing meaningful discussions and activities around disparate
teaching contexts and research projects. The following quotes reflect issues of connection and
balance in the students’ writings. Both reflect insights they experienced through research
activities that connected with their teaching. The latter raises questions about the feasibility of
doing research while teaching.
Previous [to this research project] my true goal, even when asking questions, had always
been to change my students’ teaching—to get them to expand what they had done well and
reduce what had been done poorly. It was only when I gave up that agenda that I was really
able to hear what my students were saying and to give them the space to reflect on their
own teaching.
This is the first time I have ever transcribed anything. I often found that I would type out
what I heard and then listen to the tape again only to discover that I had unintentionally
edited the transcript. Usually my mental editing maintained the meaning, but occasionally
the meaning was different! I was amazed at how much information I might lose by taking
notes and not audiotaping. But who has time to do all this?
Discussion

We return to the questions raised earlier to discuss the significance of these results. In terms
of what is involved in learning to teach future teachers of mathematics, we find evidence in our
data of Wenger’s proposal that processes of learning, in this case of learning to teach future
teachers of mathematics, involves not just an accumulation of skills and information, but also an
experience of identity—that of becoming or avoiding becoming a certain person. In this process
of becoming, students wrestled with common challenges associated with beginners—credibility
and integrity. This is an interesting parallel to challenges associated with beginning and novice
teachers. This suggests that these issues (and perhaps others) are indeed central to what it means
to learn a new practice such as the practice of teaching. Finding these factors present and central
among this new population (preservice teacher educators) serves to reinforce their generality and
thus importance.

Another important result relates to differences found between the two groups of students who
participated in the course—concurrent and delayed teaching. These students’ experiences in the
course differed in terms of their developing identity as mathematics teacher educators but most
prominently in their perspectives on what was interesting, useful, feasible, and valuable about the
teaching and research aspects of the course. Whether one had an authentic context in which to
explore what was being learned in the course played out in some unexpected ways. It issued
challenges in terms of how either group connected and balanced activities of teaching and
researching. Managing these challenges afforded and constrained what students chose to explore,
what they chose to experiment with, and what they could see from their research studies.

In terms of the kinds of formal and programmatic experiences that might help prepare future
mathematics teacher educators, we propose that it is possible for a course to offer rich learning
opportunities for those who are concurrently teaching and to those who are delaying teaching
(but have a teaching site in which to explore what they are learning in the course). Although it
can be challenging to design experiences that are meaningful to both sets of students, restricting
the course to either group would limit the richness of their respective experiences. We also
propose that such a course needs a dual and equal focus on teaching and research activities.
Attention to either one alone would fail to address the development of the students’ identities as
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mathematics teacher educators as well as their ability to see and seek connections and balance

between the two practices.
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San Jose State University San Jose State University
roddick@math.sjsu.edu bergthold@math.sjsu.edu

This empirical study reports on the evolution of two sixth grade mathematics teachers’ teaching
practices over two years of professional development activities. The final year of professional
development consisted of a project that aimed to (1) develop a cohesive year-long sixth-grade
mathematics curriculum that addresses the California state mathematics standards, and (2)
facilitate and support two sixth-grade teachers in the implementation of, reflection on, and
revisions of the developed curriculum. Analysis of journal entries, classroom observations, and
interviews led to an emerging picture of how these teachers’ knowledge, perspectives, and
classroom practices changed over the course of the project, leading to several implications for
professional development.

Describing the effects of professional development activities is of critical importance in
designing effective means of improving teaching practices. There is precedent for investigating
such activities. See Becker and Pence (2003); Farmer, Gerretson, and Lassak (2003); and Murata
and Takahashi (2002). However, a report by RAND (2003) suggests that professional
development practices have not received sufficient attention from mathematics education
researchers, and that there is a critical need for better descriptions of successful professional
development practices.

In this case study we describe two sixth grade mathematics teachers in transition, relative to
the second of two years of professional development activities. These teachers initially pursued
professional development opportunities out of a desire to improve their teaching in the face of
new demands for accountability and increasingly complex school structures. After a year of
professional development institutes focused on mathematical content, these teachers expressed a
desire for more practice-oriented professional development activities that would help them
actually implement some of their new-found mathematical and pedagogical content knowledge
in the classroom while accounting for some of the real challenges they faced on a daily basis.
This need provided the impetus for us to design and implement an intensive year-long
professional development project with these two teachers.

Objectives

The goals of this professional development project were to (1) develop a cohesive year-long
sixth-grade mathematics curriculum that addresses the California state mathematics standards,
and (2) facilitate and support two sixth-grade teachers in the implementation of, reflection on,
and revisions of the developed curriculum. At the same time, we planned to study the effects of
our professional development project on these teachers’ classroom practices, perspectives, and
knowledge. In particular, we wanted to investigate the following questions.

(1) What changes in these teachers’ classroom practices, perspectives, and knowledge
emerged over the course of our year-long professional development program?

(2) What aspects of our professional development program (if any) contributed significantly
to these changes?
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Perspectives and Framework

Mathematics, Learning, and Teaching

Our perspectives on the nature of mathematics, learning, and teaching guide our design of
professional development activities and influence what we take to be important. We believe that
understanding of mathematics involves (1) the ability to solve problems (non-routine and
routine, open-ended and closed-form), (2) the ability to connect mathematical ideas to one
another and to real-life contexts, and (3) the ability to communicate mathematical knowledge and
processes to peers. We believe that learning of mathematics is best achieved by active
engagement in activities that call on and develop the abilities involved in understanding of
mathematics. Thus, the teaching of mathematics should be designed to provide such
opportunities to students.
A Framework for Professional Development

In our project we adopted a framework for designing professional development from Loucks-
Horsley, Hewson, Love, & Stiles (1998). These authors discuss the elements that go into the
design process: knowledge and beliefs, strategies, context, and critical issues, as well as the
implementation process: set goals, plan, do, and reflect. This framework does not advocate strict
adherence to a model, but rather thoughtful, conscious, evolving decision-making throughout a
professional development program. With this framework in mind, we interviewed each teacher to
acquire a sense of her needs, school context, and critical issues. This led to a collaborative setting
of goals for the project. In broad strokes, our yearlong project consisted of collaborative
development of curriculum materials and plans during an intensive summer workshop, followed
by a year of implementation, reflection, and revision of the developed materials and curriculum.

The Workshop

The project began with an intensive professional development collaboration in summer 2003
with our two mathematics teachers. During this 20-hour, one-week workshop, we collaboratively
developed and adapted mathematics activities for their sixth-grade courses. These activities were
designed to address more than one concept and sought to make connections among concepts. For
each of the activities, the four of us discussed the quality of the activity, the concepts it covered,
its placement in their curriculum, and the types of adaptations required before using it in their
sixth grade classrooms. When adaptations were required, each of the two teachers completed
homework that night to make some changes for discussion the following day. When the activity
was revised to the group’s satisfaction, one of the teachers created the teacher notes to
accompany the activity. These teacher notes included (1) a description of the activity, (2)
concepts addressed, (3) tips on how to implement the activity, (4) connections to the state and
national standards, and (5) solutions.

Ongoing Support

Follow-up support focused on classroom observations and debriefings of three activities
developed in the summer workshop. Debriefings took place with each teacher immediately after
the activity. Joint meetings were also held to facilitate reflections and discuss necessary
revisions. A wide range of teaching practices were discussed in relation to each activity:
preparatory concepts, activity warm-up exercises or problems, activity extensions, access for
students with special needs, homework, follow-up, assessment, and placement in the curriculum.

Mode of Inquiry

This research employed a qualitative, case-study design involving classroom observations
and interactive interviews of two sixth grade teachers. Each classroom observation focused on
one of three learning activities developed during a week-long summer workshop. Each interview
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elicited reflections and perspectives at one of six different points in the year-long study.
Following an “account of practice” strategy developed by Tzur, Simon, Heinz, and Kinzel
(2001), the primary data consist of teachers’ written responses to structured journal prompts,
written learning activities and teacher notes, oral comments made during interviews, and actions
exhibited during classroom observations. These data were analyzed to identify turning points in
these teachers’ knowledge, perspectives, and practices.

Participants

The two sixth-grade mathematics teachers in this case study, Celia and Dee, were
purposefully selected. Both researchers had worked with these teachers during a year of content-
based professional development institutes. Over this period, both of these teachers demonstrated
initiative to improve their teaching, a desire to learn new mathematical and pedagogical content,
a willingness to try new teaching practices, and engagement in ongoing reflections on
mathematics and the teaching of mathematics. On the other hand, Celia and Dee varied
significantly in their mathematical knowledge and teaching experience. Dee, with over 30 years
of teaching experience, had taken calculus in college, whereas Celia, with 7 years of teaching
experience, had taken the required 6 hours of mathematics coursework for future elementary
school teachers while in college. The researchers felt that this combination of qualities would
provide sufficient variability in knowledge and teaching experience to elicit rich comparative
data while minimizing the need to account for motivation.

Selected Learning Activities

Three of the learning activities developed during the summer workshop were selected for
intensive study and follow-up support. It was agreed that these three activities were well-
developed and well-spaced throughout the curriculum. The first two activities involve a birthday
party business, called Perfect Party Place, which provides and sets up card tables for birthday
parties. Each table is square and seats one child on each side. These square tables are arranged
into a single rectangle at each party. Depending on the location, the tables must be set up
differently each time. The first activity involves exploring the possible rectangular table
arrangements for a party with 18 children and identifying patterns in table arrangements,
dimensions, and areas. This scenario stipulates a fixed perimeter and requires an investigation of
different areas that correspond to the perimeter of 18. The second activity involves exploring
possible table arrangements for a party that can accommodate 24 tables and identifying patterns
in table arrangements, dimensions, and perimeters. A connection can be made between the
dimensions of the different tables and the factors of 24. The third activity, Rectangle Ratios,
involves the exploration of similar rectangles. Students are given a collection of 14 rectangles
and asked to sort them into “families”. This is followed by exploration of ratios of length to
width and how this relates to the idea of similarity of rectangles. In the results, we refer to the
first and third activities.
Data Collection and Preparation

Journal Prompts

We asked each teacher to respond in writing to journal prompts at three points in time during
the project: before the summer workshop, after the summer workshop, and at the conclusion of
the project. In the first set of journal prompts, we asked Celia and Dee to write a math
autobiography and describe some of their current teaching practices. In the second set of journal
prompts, we asked Celia and Dee to comment on the effectiveness of the workshop activities.
The final set of journal prompts asked for their reflections on the overall project as well as their
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impressions of how and why their knowledge, perspectives, and teaching practices had changed
over the course of the project.

Classroom Observation Protocols

We both were present as participant-observers at each of several class sessions for each
teacher, while she implemented three selected activities developed in the summer workshop. We
took extensive field notes, structured as chronological records of all class activities during each
observation session. After each observation, we reviewed and revised our notes, adding
parenthetical remarks noting our impressions and questions to ask each teacher during post-
activity reflective interviews.

Interview Protocols

Interviews were conducted with each teacher after each classroom observation to reflect on
how well the activity went. In addition, joint interviews with both teachers were conducted after
we had observed the same activity in both teachers’ classes, to discuss common problems,
activity revisions, and extensions. Interviews were loosely structured to allow free-ranging
exploration of issues related to their practices, including mathematical content knowledge and
pedagogical perspectives. We audio-taped each interview and took notes as well. Interview tapes
were then transcribed.

Data Analysis

Two data matrices were designed to help organize the data, one for each teacher. These
matrices focused on (1) mathematical knowledge and abilities, (2) perspectives, and (3) teaching
practices at each of six different points during the professional development project: (a) pre-
workshop, (b) post-workshop, (c-e) each of three activity observations, and (f) project
conclusion. Each cell of each data matrix contained relevant evidence drawn from written
responses to journal prompts, comments during interviews, and practices exhibited during
classroom observation. These data matrices were analyzed for changes in each teacher’s
knowledge, perspectives, and practices over the course of the project.

Discussion

Over the year-long course of our professional development activities, these teachers
exhibited significant changes in their knowledge, perspectives, and practices. Moreover, these
three aspects of teaching seem to be interconnected in a fairly complicated way.

Knowledge

Pre-Workshop Knowledge

Over the course of getting to know Celia, she revealed some insecurity about her knowledge
of mathematics. In an early journal entry, she commented, “In high school, I was a failure in
math because I knew basic math well, but I could not comprehend the abstract in algebra.”
Celia’s completion of a 40-hour professional development institute in fall 2002 and a special
three-unit university course for in-service mathematics teachers in spring 2003 contributed to a
significant broadening of her mathematical knowledge and abilities. In a later interview, she
mentioned that these experiences resulted in greater confidence in her abilities.

Dee began her college career majoring in math. She took four quarters of calculus as well as
abstract algebra and symbolic logic before switching to another major. Dee completed the same
institute and university course as Celia during the 2002-2003 academic year, but in Dee’s case,
these experiences deepened and strengthened her mathematical knowledge and abilities. She
commented in an early journal entry, “I was far better prepared to teach probability, ratio and
proportion, and percent than before.” In both her written and oral work, she appears to have a
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greater understanding of mathematics than the average middle school mathematics teacher.
Changes in Knowledge

Changes in their knowledge and abilities occurred during the professional development
sessions and throughout the following school year. Their knowledge of mathematics broadened
and deepened as they came to view mathematics, both concepts and processes, as a connected
body of knowledge. For Celia, this growing understanding manifested itself as a desire for her
students to experience mathematics as connected as well. This led her to search for ways to
revise her curriculum and incorporate more algebraic reasoning and problem solving. The
turning point for Dee was that, as her understanding of the connectedness of mathematics
increased, she began to analyze more critically how and whether the textbook was actually
addressing the state standards. She came to realize that she could not just depend on the textbook
and began to rely on her own knowledge of mathematics and the standards to determine the
curriculum that worked best for her.

Perspectives

Pre-Workshop Perspectives

Both Celia and Dee believed that, in order to address the state standards, they needed to teach
from the textbook. They had both tried activities to supplement the book, with mixed opinions
about the effectiveness. Celia did believe, however, that activities were important to include in
her lessons. She commented in a journal entry, “I like to break up the routine and surprise them
with some fun days. I just need more activities that support the text!”’ One of her goals at the time
of the workshop was to develop an activity for each chapter of her text. In a pre-workshop
interview, Dee conveyed great concern about the standards and the need to cover everything, but
felt she didn't have a lot of time to "stray from the book." In addition, she felt that routine
practice was valuable for her students, and was not convinced of the value of the regular use of
activities in mathematics instruction.

Changes in Perspectives

For Celia, the intensive workshop was a catalyst for complete revision of her perspective on
teaching. She began to rethink how, what, and why she was teaching, and decided to make major
changes, starting with the review material in the first chapter. Instead of reviewing, she believed
that a unit on problem solving would point her students in the direction she wanted to go for the
rest of the year. She also came to view patterns as a central theme throughout the sixth grade
mathematics curriculum. Furthermore, Celia, who was also teaching a seventh grade
mathematics class, realized that the same activities she used for sixth graders could be adapted
and extended for her seventh graders.

Dee, who has always been reflective about her teaching, began to reflect more upon effective
ways of teaching. For example, during the Perfect Party Place activity, students created many
table arrangements that were not rectangular. This unexpected outcome of the lesson led into a
very nice discussion about the definition of a rectangle, whether a rectangle can have "holes,"
and how to find the area of the shapes that were made. This activity was an important one for
Dee. She realized that, although her sixth graders were adept at applying the formulas for area
and perimeter, these concepts had not been previously well developed. In a follow-up discussion
of this activity, Dee commented how valuable this lesson was for her students, and although she
had spent more time on the activity than originally planned, she strongly perceived the time to be
well spent.
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Teaching Practices

Pre-Workshop Practices

For Celia, a typical day began with warm-up exercises, followed by “giving notes,
introducing an activity, or reinforcing concepts”, after which homework would be discussed and
students would start their work. Once each week, she gave a basic computation test that all 6™ —
8™ grade students took and once each week, she assigned a single word problem or puzzle
problem for homework. Her recent completion of a special university course for in-service
mathematics teachers led her to try some of the activities from that class with her own students.

For Dee, a typical day began with students checking answers from the previous day’s
homework, followed by students taking notes on a lesson she presented at the board, and finally
working on practice problems and starting their homework. Dee gave three out-of-class projects
over the course of the year. She has tried activities, but has usually reserved those for her
"special projects" class, a supplementary math class for gifted students. Like Celia, Dee also felt
that the university course she had just completed led to some changes in her teaching. In a
journal entry, she commented, “I like giving students manipulatives now and understand what I
expect them to do with them far better than before. I also liked the way we analyzed problems in
Math 105, so I try to incorporate discovery teaching when time allows and it’s a new topic for
most students.”

Changes in Practice

Three major changes in both of these teachers’ practices emerged over the course of the
project. First, both teachers began to focus more on problem solving, exploration, and activity-
based lessons. When Celia started the school year with a unit on problem solving, she essentially
set the tone for the year, and tied much of the subsequent content to problem solving. Algebraic
patterns were a big addition to her teaching practice, due to her newfound confidence in her
understanding of algebra. For both Dee and Celia, the inclusion of exploration and conjecture
became important parts of their classroom cultures. This was evident in all three activities
observed. For example, in the Rectangle Ratios activity, Celia more than once told her students,
“You cannot answer this one wrong. How did you choose which rectangles went into each
family?” while Dee asked, “Do you see patterns happening when you stack them [the rectangles]
in this way? .... You need to make some decisions and write some generalizations down.”

The second major change in practice that emerged was that both teachers began to seek out
ways to implement these teaching practices rather than traditional lecture-and-homework
practices. In more than one joint interview, both Celia and Dee commented on a desire for
activities revolving around specific topics. In particular, the concept of fractions was a big
concern for both teachers. This led to conversations about what other concepts in mathematics
could be tied to fractions and what activities could be created to address this need. We felt this
was a turning point for both teachers, because it indicated they were moving beyond the
expectations of the professional development project and taking initiative to improve other
aspects of their teaching not explicitly addressed in the professional development project.

The third change was that both Celia and Dee began to revise the activities in different ways
to meet the needs of their students. In the Perfect Party Place activity, Celia emphasized the
patterns that arose from the investigation. In fact, when reviewing this activity, she decided that
she would make some of the algebraic patterns more explicit by asking her students to determine
generalizations. Dee chose a different direction for this activity. As a result of the need for
students to investigate areas of irregular shapes, she decided to include an extra day of
exploration in this direction. We felt that this was a turning point for Dee, due to her prior
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convictions about lack of time and straying from the book. She was beginning to see that she
could cover many topics in a single activity.

Interconnections of Knowledge, Perspectives, and Teaching Practices

For these teachers, the actual implementation of multiple learning activities they had helped
to develop appeared to be the most significant factor in their changing knowledge, perspectives,
and practices. Each activity presented unexpected difficulties for their students and elicited
unexpected responses from their students. Coping with these issues in the classroom pushed their
knowledge, perspectives, and practices beyond what they had experienced before and provided a
rich set of experiences on which to reflect. Subsequent revisions to each learning activity
completed the intended cycles of analytical thinking about their teaching practices.

Implications for Professional Development

We found the following professional development activities to be critical in effecting
significant change for these two teachers. A vital role of professional development is to facilitate
and support these activities.

1) Teachers need to engage in the entire process of design, implementation, reflection, and
revision of instructional materials in their own classrooms. It is not sufficient for teachers to see
this process modeled in a professional development workshop/institute. They must be involved
in all phases in this process.

2) Learning activities and curricula must be designed to complement teachers’ current
textbook materials and standards, yet be adaptable in more than one way to meet differing needs.
The key to this adaptability is to design activities that connect multiple concepts. Pedagogically,
this allows for multiple entry points and multiple extensions. Mathematically, this maximizes
the impact of each activity.

3) Reflections must focus on comparisons of actual experiences with different teaching
practices. It is not enough for a teacher to compare a learning experience in a professional
development institute/workshop to his or her current teaching experiences. It is the
implementation of alternative teaching practices that sheds new light on current teaching
practices, hence fueling the reflective process in a powerful way.
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Current trends in higher education suggest a rapidly expanding interest in the development of
computer-based distance education. Lacking is empirical research on Computer-Mediated
Communication to help educators develop appropriate online learning environments. This study
investigated types of participation that transpired during 4 weeks of discussions in an online
mathematics teacher education course, 2 weeks involving discussion boards and 2 involving chat
sessions. Discussions were coded with respect to 4 substantive and 5 non-substantive categories,
and comparisons were made between asynchronous and synchronous environments (i.e.,
discussion boards and chat sessions, respectively). Surveys of students’ perceptions were also
collected. Findings revealed similarities and differences between the environments that suggest
the integration of both for more effective instructional use of computer-based distance education.

Introduction

Interest in distance education, particularly involving web-based learning environments, is
increasing in higher education and includes such well-established institutions as Harvard, Yale,
Stanford and others (Carr, 2000). The Center for Education Statistics recently reported that
“distance education appears to have become a common feature of many postsecondary education
institutions and that, by their own accounts, it will become only more common in the future”
(Lewis, Snow, Farris, Levin, and Green, 1999, p. vi). Additionally, computer-mediated
communication [CMC] is seen as having the potential for meeting the professional needs of
teachers, moving the profession “from one of isolation and individualism to one of professional
community” (Brown and Koc, 2003, p. 2-146). In developing an online learning community, it is
arguably important to engage participants in the interchange of ideas and the development of
their social presence within the environment. The exchange of ideas through CMC may occur in
two formats: (1) synchronous, happening at the same time from different locations, and (2)
asynchronous, occurring at different times from different locations. Developers of online
learning environments often suggest that asynchronous communication is preferred over
synchronous because of advantages such as providing more equal opportunity for participation
among learners and allowing more time for reflection (Driscoll, 1998); however, research-based
articles to support these assumptions are lacking. On the other hand, literature considering the
social presence of individuals that may be promoted through asynchronous written
communication characterizes this form of communication as weakest among CMC formats
(Newberry, 2001). In order to more effectively design online courses for the professional
development of mathematics teachers, it is important to investigate the types of communication
taking place through each CMC format and participants’ perceptions of these formats based on
their experience.

The present study sought to compare the merits of synchronous and asynchronous CMC
within a mathematics teacher multicultural education course. The focus of the investigation was
on the comparison of discussions engaged in by participants in each mode and the perceptions of
participants concerning each format. Both synchronous and asynchronous communications were
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carried out within Blackboard, a web-based instructional delivery tool designed to support the
development and implementation of online distance education. Blackboard facilitates the
development of course websites through which all instruction, communication, and assessment
may occur. The asynchronous communications were in the form of threaded discussions on
discussion boards within Blackboard and the synchronous communications were conducted
through online chats facilitated primarily through Blackboard and, for one group partly through
Yahoo (this group had extreme technical difficulties chatting through Blackboard).
Rationale and Perspectives

Recent literature suggests a fast expansion of interest in online education. Articles discussing
best practices in CMC environments and the potential for deeper understanding of content by
students proliferate the literature in this area. Additionally, studies investigating the technical
features of these media have attempted to connect these features with problems of instructional
design for web-based instruction. Very limited, however, are empirical studies investigating the
quality of online professional communication. In particular, there is a need to understand the
quality of discussions and participation that take place on discussion boards and in chat sessions;
in order, to inform best use of these modes of communication for online instruction.

In traditional, face-to-face teacher education classrooms, discussion is thought to be a
powerful method for learning through interaction with other prospective or inservice teachers.
Instructors use discussion strategies to “draw out our students’ opinions, prior knowledge and
experience upon which they construct new knowledge” (Bowman, 2001, p. 2). Potentially, the
same is possible for online instruction. As with face-to-face discourse, online communications
may be analyzed for types of participation in order to examine patterns of communication that
mediate the learning taking place. This analysis may take place for each synchronous and
asynchronous discussions in order to better understand discussion patterns in each mode and the
potential learning through each.

Types of participation in online discussions can be characterized as substantive and non-
substantive (Davidson-Shivers, Muilenburg & Tanner, 2001). Substantive statements relate
directly to the discussion topic or content and can be divided into 4 subcategories: (1),
structuring, statements that initiate or focus attention on the discussion topic; (2) soliciting,
questions, commands or requests attempting to solicit a response; (3) responding, a statement in
direct response to a solicitation; and (4) reacting, a reaction to a structuring statement or
another’s comment that is not a direct response to a question. Non-substantive statements are
messages that do not relate to the discussion topic or content and can be divided into 5
subcategories: (1) procedural, including scheduling information, announcements, logistics; (2)
technical, including computer-related questions, suggestions; (3) chatting, including personal
statements, greetings, jokes, introductions; (4) uncodable, including statements with too little
information or unreadable; and (5) supportive, including statements similar to chatting but with
an underlying positive reinforcement. The use of these categories to analyze synchronous and
asynchronous discussions taking place within chat sessions and discussion boards, respectively,
for the same group of participants will provide valuable insight on each format. This insight will
help inform further developments of online courses for teachers.

Methods
Participants

Participants for this investigation were 15 students enrolled in a graduate level mathematics
education course. The course focused on issues of multicultural mathematics education and
ethnomathematics. Three fifths of the students were female and three-fifths of the students had
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experience with at least one online course. All had experience with the internet. Additionally,
two-thirds had K-12 mathematics teaching experience. During the first week of the course, this
information along with the participant’s reactions to the statement ‘Mathematics is culture-free’
were used to form heterogeneous groups of three among the students. These groups remained
intact throughout the 12-week course as students were engaged in asynchronous and
synchronous communications. Each week the small group members were expected to engage
with each other in course related discussions, as well as engaging in discussions with the broader
course community.

Course structure, Data Collection and Analysis

The course was structured so that each participant was part of the large community of all
class members and a small community of three expected to communicate with one another on a
weekly basis. The course structure was established to foster relationships and individual’s social
presence within the online community, as well as to provide course and technical support among
the students. On a weekly basis, students discussed course readings, videos, and assignments
within a particular topic related to multicultural mathematics education. Discussions were
initiated through instructor posed items on weekly discussion boards. The small groups were
used to facilitate the development of each individual’s social presence in the course by requiring
every student to complete weekly computer-mediated communications with their group
members, as well as responding to other participants of their choice from among the entire class.
Also used to foster the social presence of each class member were student pictures collected and
posted on the course blackboard site during the first and second weeks of the course.

Throughout the first six weeks, threaded discussions of weekly topics took place only on
whole class discussion boards. Then during the next six weeks, chat sessions of weekly topics
were conducted by students within their small groups, summarized by group members, and
posted to the class discussion board for the week. The data collected for this investigation
included transcripts of discussion board postings, transcripts of chat sessions, and an online
surveys of students’ perceptions of several aspects of the course. The end of the semester survey
was used to provide supplementary information that would put in context each student’s
participation in the discussion boards and chat sessions. For example, a few groups had
technical difficulties with the chat sessions. It was important to understand their perceptions of
those difficulties since these might influence the participants’ contributions and participation in
the discussions.

Transcripts for two weeks of discussion board postings and two weeks of chat sessions were
analyzed for this investigation. The data analysis involved unitizing communications and
characterizing them with respect to types of participation. Complete thoughts including partial
sentences, single complete sentences or several sentences corresponding to distinct types of
communication were unitized and coded as one. The CMC discussions were first categorized for
members of each small group. Patterns were sought across group member communications
within each mode of communication (synchronous and asynchronous) and compared to
individual members’ and class perceptions about each mode of communication gleaned from the
surveys. Second, the findings were compared across groups and between groups to arrive at
patterns of participation that mediated the communication in each mode and, in turn, the
potential learning. As we analyzed the data for each mode of communication, we found that
many of the chatting communications during the chat sessions had to do with remarks, jokes or
individual comments expressing frustrations or difficulties with the technology (e.g., “got
knocked off” or “this comp is a piece of junk. I can’t even scroll up and down the chat page”).
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We created a category, technical chat, separate from both the chatting and technical categories
that would capture this type of chatting. This type of chatting arose out of technological
difficulties with the chat sessions on Blackboard and would not typically be found in other
course discussions using other modes of communication. By coding this communications
separately, we were able to consider the extent of chatting devoid the technical difficulties
specific to Blackboard chat sessions, as well as consider the extent of chatting produced by these
difficulties within the Blackboard environment.
Results

Based on analysis of the transcripts, both modes of communication produced statements in
all substantive and all but two non-substantive categories (see Figure 1). Procedure and
uncodable communications were found in the transcripts of the chat sessions but not the
discussion boards. Both modes of communication resulted in more substantive statements than
non-substantive as was found by Davidson-Shivers, Muilenburg, and Tanner (2001). The
highest frequency of communications for both modes were found within the reacting category
and the least frequency was found in the structuring category. Within the reacting category,
participants discussed points they agreed with as well as points with which they disagreed.
Although there appears to be more reacting communications in the chat sessions than in the
discussion boards, in the discussion board mode these communications tended to be longer and
contain more complex and complete thoughts explaining why they agreed or disagreed with
another’s statement and how it related to their own experiences. In the chat sessions, the
communications tended to be shorter with more interactions between discussants. More
communications seemed to be needed during a chat session to convey a similar point to that on

the discussion board.
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Fig. 1: Types of Communication on Discussion Boards and Chat Sessions

With respect to communicating their ideas in both asynchronous and synchronous modes,
80% of the students agreed that they felt equally comfortable expressing their thoughts, including
disagreements with other’s comments, in both the discussion boards and the chat sessions, with
another 20% feeling neutral. This was important given that 20% of the participants felt more
comfortable expressing their thoughts in the online modes of communication than in similar
face-to-face classes and 40% felt they were able to share more of their thoughts in the online
discussions than in similar face-to-face discussions. Both discussion boards and chat sessions
provided students with environments to share their views, comments, and questions more freely
than in face-to-face discussions.

The asynchronous nature of the discussion boards provided more time for students to think
about and record their responses. The participants, at times, supported their statements by
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referencing particular passages in the readings, referencing other literature and attaching
documents to their statements that others could read, or providing complete references for
articles or websites others could explore through the internet related to the point being made.
These features of the communications have the potential for generating alternative points of view
and deepening students’ understanding as they progress in developing their knowledge of a topic.
With respect to the soliciting and responding categories, the data reveal that in the discussion
board mode some solicitations went unanswered. Figure 1 reveals more soliciting statements
than responding statements for the asynchronous mode of discussion. On the surveys, 100% of
the participants indicated that they typically checked back to see if someone had responded to
their postings. Additionally, 60% were disappointed if they did not receive a response or some
acknowledgement on their postings and 80% felt it was important to read and respond regularly
to others’ postings. Unanswered questions or statements that were unacknowledged or reacted to
may influence individuals’ perceptions of their social presence in the community and influence
their learning from the discussions. The discussion board communications regularly included
supportive statements. These tended to be of the form “Once again, great comments!” or “Thank
you for your insight! ©” and seemed to be a method the participants used to acknowledge the
value of others’ comments and their presence in the community. The transcripts of the
discussion boards revealed more supportive statements than during the chat sessions.
Additionally, as would be expected, the participants appreciated the flexibility in joining the
discussions provided by the asynchronous mode of communication.

In contrast to the asynchronous mode, the synchronous communications provided a format
for participants to receive immediate feedback to their questions or statements. During chat
sessions, all communications tended to be shorter in length and not as well developed as those in
the discussion boards. However, in chat sessions the students’ statements were typically
responded or reacted to (or at least students thought they were heard or read) as opposed to
during the discussion board communications where a comment might remain without a response
and thus a student might not know if it was read and considered by others. For the chat sessions,
unlike the discussion boards, the frequency of postings in the soliciting category was much less
than the responding category and no questions raised during the synchronous discussions were
unacknowledged. Questions raised tended to be followed by several responses and allowed for
students’ immediate clarification of their understanding through an on the spot give and take.
The surveys revealed that 67.6% of the participants felt the discussions during the chat sessions
were more valuable than on the discussion board. Lara, Howell, Dominguez, and Navarro
(2001) similarly found that their participants tended to prefer the synchronous interactions to the
asynchronous interactions; however, they had 100% agreement. In addition to facilitating
participants’ understanding of the content, the immediate responses and feedback to their
questions or statements provided greater opportunity for individuals to connect with others and
develop a social presence within the online community. The chat sessions, more so than the
discussion boards, seemed to provide individuals with a greater sense of social presence in the
course through the immediate connections to other class members. In this environment, there
were more interchanges between participants; thus providing more opportunities to connect
intellectually or socially with other individuals in the course. A difficulty arising from the rapid
interchange of ideas was the development of multiple discussions at one time, making it difficult
for participants to follow the development of each individual discussion. When this occurred for
extended exchanges, members of the small group would call attention to the multiple discussions
in order to redirect the group to a single discussion.
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Figure 1 shows that more soliciting remarks were expressed during the chat sessions in
comparison to the discussion boards. From the transcripts soliciting remarks appeared to be
similar in complexity and length across both modes. Despite the technical and scheduling
difficulties experienced by each of the small groups as part of the synchronous discussions, 60%
of the participants felt the discussions during the chat sessions were worth overcoming any
difficulties with only 13.4% disagreeing. These participants experienced extreme difficulties
joining the chat sessions. Students felt that the chat sessions were most valuable in connecting
with their colleagues and receiving instant feedback. During chat session communications, the
participants asked each other many questions related to one another’s perceptions and
experiences. These sessions seemed to promote a more social presence for the students than the
discussion board communications.

The chat sessions included more non-substantive statements than the discussion boards (see
Figure 1). In particular, the chatting was more extensive in the chat sessions and revealed
different aspects of the participants’ personalities, including their sense of humor, outside
interests, and aspects of their personal lives. The technical chat communications arose mainly in
the chat sessions due to difficulties students were experiencing with the technology and their use
of comments including humor to easy the frustration or apologies for their technology mishaps
(e.g., ‘Sorry, I was cut off, but I'm back,” “Come back Rita...Come back,” or “So we’re all slow
pokes together. ;-)”). Additionally, procedure and technical communications were observed
primarily during the chat sessions and almost non-existent during the discussion boards. The
chat sessions required the students to arrange the logistics of the discussions, including the
discussion times and roles of the participants. The technical communications were concerned
primarily with questions and responses related to maneuvering within the chat session
environment, including recording and accessing archives of the discussions.

Concluding Remarks

The results reveal the importance of integrating both types of communications in online
learning environments. The discussion boards added depth to students’ understanding by
providing more time for thought on others’ comments before responding or reacting and
allowing students to investigate and reference other resources that support their views or add
ideas to the discussion. The chat sessions, on the other hand, provided students with
opportunities for immediate clarification in areas they had questions or on the spot reactions to
their statements that helped them develop alternate views through on the spot exchange of ideas.
The chat sessions also seemed to add a more social dimension to students’ participation by
inclusion of less formal communications and more personal connections through the chatting that
took place. Although developers of online learning environments taut the merits of asynchronous
communication over synchronous (Driscoll, 1998), this study demonstrated that both
environments add to student learning in a somewhat complementary fashion. Developers of
online environments for the professional development of mathematics teachers should consider
the use of both synchronous and asynchronous modes of communication for enhancing the
richness of the learning experience for their participants.
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INCREASING THE LEADERSHIP CAPACITY OF ELEMENTARY SCHOOL
TEACHERS IN MATHEMATICS

Jo Clay Olson
University of Colorado at Denver & Health Sciences Center
jo.olson@cudenver.edu

To implement educational reforms, teacher leaders are needed to redirect conversations around
student thinking, create environments of sustained professional inquiry, and offer professional
development for colleagues. This study describes the development of seven teacher leaders. Data
were collected over an 18-month period of time and included: monthly reflections, interviews,
observations, documents, and my field notes. Using a modified ethnographic methodology, data
were analyzed using constant comparative methods and matrices to discern patterns of
leadership. Four patterns of teacher leadership emerged from the data analysis and suggested a
model of teacher leadership capacity that describes how teachers influence their colleagues.
This model can help professional developers design experiences that increase the leadership
capacity of teachers.

Reports from NCTM (1980, 1989, 2000) and other influential organizations (National
Commission on Excellence in Education, 1983; National Research Council, 1989; United States
Department of Education, 1999) recommend that classroom teachers rethink their goals and
practices of teaching mathematics. To change teaching practice requires supportive school
structures, collaborative relationships between teachers, and high quality professional
development programs that guide and support teachers’ growth (Barth, 2001; Louckes- Horsley,
Hewson, Love, N., & Stiles, 1998). High quality professional development that is designed to
meet the unique goals, needs and constraints of schools requires increased leadership capacity
(Frechtling, 2001; Fullan, 1994; Nesbit et al., 2001). To meet the growing need for this new kind
of professional development, teacher leaders must be developed to support the growth of
teachers and the implementation of mathematics reforms.

Ferrini-Mundy and Graham (1997) and Friel and Bright (1997) suggested that research is
needed to understand the transition teachers make when they move from living their professional
lives within the walls of their classroom to enlarging it as they assume leadership
responsibilities. Research studies (Miller & O'Shea, 1992; Smylie & Denny, 1990; Wasley,
1991) on teacher leadership describe the leadership roles and characteristics of teacher leaders.
Snell and Swanson (2000) and Wilson (1997) illustrated the complexities of teacher leadership
as teachers increase their sphere of influence. However, researchers have not reported on the
evolution of teacher leaders as they participate in professional development designed to increase
their leadership capacity. This study was designed to fill that void in the research literature. It
sought to describe the leadership roles that teachers assumed in their educational communities by
describing the ways that teachers exhibited leadership and how they identified the influence they
had upon colleagues while participating in a leadership institute.

Theoretical Framework

Bruner (1960) described learning as a process of interpreting, negotiating, and recreating
ideas derived from our cultural past. As individuals work together, they share previous
experiences, collaborate with each other, and learn. Learning can be thought of as a process by
which individuals procure knowledge with tutelage through participation in social activities, and
an individual’s development of knowledge is demonstrated through his or her competence in
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cultural activities (Cobb, 1995). Meaningful learning intertwines culturally defined knowledge
with the personal sense. As individuals with limited knowledge assimilate culturally accepted
meanings and practices, they gain respect and acceptance by their community (Lave & Wenger,
1991).

Lave and Wenger (1991) depicted evidence of learning as the increase in an individual’s
participation in the actions of the group as they move from peripheral involvement to the center
of the action; the term associated with this is legitimate peripheral participation (LPP). LPP
provides a framework for examining learning as a situated activity within a community and an
enactment of socially valued actions. The LPP framework implies a complex social world in
which the individual’s role within the community depends on his or her level of participation
(Lave & Wenger). All of the members in a community are considered legitimate, but novices act
as peripheral members while they learn the skills necessary for full participation. From this
perspective, those who participate, learn.

This research study examined how participation in a leadership institute as a community of
practice influenced the leadership roles that teachers assumed in their educational community.
Teachers’ learning was situated in social activities as they collaborated with each other to
examine teaching practices and to create professional development presentations. LPP provided
the framework for interpreting the ways teachers used recommendations from professional
developers and enacted new leadership roles in their school communities. These new leadership
roles were interpreted as evidence of learning and indicated an increase of teachers’ influence in
their educational community.

Methods

New forms of ethnography emerged as different disciplines adopt it as a research
methodology (Tedlock, 2000). A modified ethnographic methodology permits a researcher to
select data sources, create collection methods, and report findings to answer focused research
questions without requiring full immersion in a culture for an extended period of time (Kincheloe
& McLaren, 2000). Researchers using ethnographic methods respect the participants’
perspectives by honoring their voice through shared responsibility for data collection and
interpretation. To understand the enactment of leadership by teachers, a modified ethnographic
methodology was constructed to give voice to the participants’ interpretations of their influence.
Teachers wrote reflections and used charts to record and interpret their leadership activities. Data
were analyzed using qualitative data reduction methods (Maykut & Morehouse, 1994; Miles &
Huberman, 1994), such as constant comparative methods, matrix analysis, and comparative
methods. The analysis of the data was interpreted using the perspective of LPP (Lave & Wenger,
1991) to describe the changes of teachers’ influence in their educational community.

Data sources

Ten elementary school teachers from different schools and grade levels joined a teacher
leadership institute to develop their leadership capacity while participating in a mathematics
systemic change institute. Seven teachers from this institute agreed to participate in this study.
These teachers had different prior leadership experiences that ranged from no reported leadership
activity to regularly providing professional development sessions for colleagues. To investigate
the leadership roles assumed by each teacher participant, four major data sources were used as
available. They included: (a) teachers reported their leadership roles on questionnaires, (b)
interviews conducted with each teachers’ principal, (c) documentation of teacher-led
professional development sessions, and (d) observation of two professional development
sessions. These multiple data sources were used to provide triangulation (Miles & Huberman,
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1994) for developing a holistic understanding of how teachers develop their leadership capacity
and were collected during an 18-month period of time.
Results and Conclusions

The perspective of LPP presumes that individuals demonstrate their learning by new actions
and the new leadership roles that teachers accepted were interpreted as evidence of their
learning. Two of the teachers had no prior leadership experience, three of the teachers assumed a
small leadership role within their school as grade level representative or content coach, and two
teachers held school leadership role and presented workshops at the district or state level. During
the 18-month leadership institute, the teachers had opportunities to deepen their pedagogical
content knowledge by participating in a lesson study and to explore school change through
teacher leadership. They planned professional development workshops for colleagues and for
state and regional conferences. I first discuss the leadership patterns that emerged from this study
and then propose a model to describe the actions of teachers that indicated an increase of
influence in their educational community.

Two data sources were utilized to describe teacher leadership patterns. The teachers
identified their leadership roles and described how they influenced others in their educational
community. The principal of each teacher described the leadership roles that the teacher assumed
and her influence on other staff members. These formal and informal roles were further analyzed
using a time-ordered matrix. Cross-case analysis of these roles over the 18-month period of the
institute revealed four patterns of teacher leadership. These leadership patterns are described as
humble, reluctant, overwhelmed, and former leaders. Based on the patterns exhibited by teachers
in this study, each pattern of teacher leadership is described.

Humble leaders listen quietly to their colleagues and build professional relationships through
respect. They are committed to implementing and supporting mathematics reform
recommendations, take advantage of opportunities to develop professionally, and perceive
leadership opportunities within their schools. Reluctant leaders establish themselves in hidden
leadership roles with low visibility. These roles enable the reluctant leader to function
independently in positions that are valued by principals but are not sought after by peers.
Reluctant leaders are sensitive to the opinions of their peers and a few negative comments can
cause them to reconsider their leadership roles. When reluctant leaders receive positive feedback,
their confidence grows and they continue to develop their leadership capacity. Based on the
pattern exhibited by one teacher in this study and phenomena reported by other researchers
(Zinn, 1997) overwhelmed leaders assume responsibilities from a number of sources only to
discover that they compete for attention and time. These sources include: (a) classroom
responsibilities, (b) school committee work or extra duties, (¢) family responsibilities, (d) school
district responsibilities, (¢) community volunteer work, and (f) graduate work. With
responsibilities that extend from the classroom to school and family, overwhelmed leaders
eventually withdraw from leadership responsibilities and may resume their leadership activity
when demands on time are reduced. Complacent leaders are confident teachers with
considerable knowledge, skills, and experience creating presentations to parents and teachers.
They are described as accomplished teachers who can be relied upon for support, advice, and
help. However, two of the teachers who were identified as leaders in their school challenged
outside experts and did not take advantage of opportunities to develop their own personal
growth. Both of these teachers were resistant to critical reflection and did not develop beyond
their previous leadership roles.
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The four leadership patterns identified in this study indicate that as teachers gain leadership
capacity, they broaden their sphere of influence within their educational communities. I have
concluded from these data that the characteristics of teachers’ influence comprise the foundation
of a model that describes teacher leadership capacity. The proposed model, presented in Figure
1, indicates the level of influence that teachers portray as evidenced by their actions.

Leadership

Capacity Characteristics of Teachers’ Influence

0 » No demonstrated leadership in an educational community

1

* Informally shared ideas with colleagues ¢ Coordinated special school activities
* Joined school or district committees
* Disliked making presentations and avoided opportunities

2 » Engaged colleagues in conversations about mathematical ideas * Made mini
presentations at faculty meetings ¢ Planned and presented professional
development sessions with a partner * Developed a professional relationship will
a colleague Informally discussed reform mathematics ideas Informally mentored
a peer new to the teaching team

* Planned and presented professional development sessions independently ¢
Recognized leadership opportunities and assumed responsibility for a new role
School study group Scheduled on-going team meetings to discuss mathematics
reform Mentor for novice teachers

* Increased self-confidence

Figure 1. Model of Teacher Leadership Capacity.

Analysis of the four patterns of teacher leadership indicated that, as teachers gain leadership
capacity, their influence in their educational community changes. In this study, five of the seven
teachers assumed new informal or formal leadership roles and these actions indicated the
learning of new skills and knowledge to support mathematics reform. These skills and
knowledge included understanding the change process, developing a reflective teaching practice,
and deepening pedagogical and content knowledge by participating in a lesson study. The two
other teachers, described as complacent leaders, continued to provide school leadership in
previously held roles but they did not assume any additional leadership roles. The absence of
new leadership action was interpreted to indicate that these two teachers had not learned new
skills or knowledge. The model of teacher leadership capacity depicts characteristics of teachers’
influence in their educational community and suggests that many teachers who may not be
initially recognized as leaders have the potential to develop their leadership capacity and
influence their colleagues to implement reform mathematics recommendations.
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Implications
This study has the potential to contribute to the field of professional development in several
ways. The first is by informing professional developers as they work toward increasing the
leadership capacity of teachers within school districts to support mathematics reform. It suggests
that professional developers select teachers who engage in self-reflection about their teaching
practices for leadership development. In this study, those teachers who were described as humble
and reluctant leaders were not the individuals who immediately came to mind as strong leaders
in the educational community but they increased their leadership capacity. Teachers who may
not be initially recognized as leaders have the potential to develop their leadership capacity and
influence their colleagues in implementing reform mathematics recommendations. Second, the
model of leadership capacity describes patterns of leadership roles that teachers assumed as they
developed their leadership capacity. It suggests leadership experiences that professional
developers can provide to scaffold the development of teachers’ leadership capacity.
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This theoretical examination of teacher learning within a professional development experience
for elementary mathematics teachers in urban charter schools aims to continue the conversation
about supporting teachers in their efforts to teach mathematics in conceptually based ways.
Although research has identified components necessary to include within professional
development opportunities, how these experiences should be envisioned and their impact on
teacher change, and eventually student learning, have not been fully explored (Fishman, Marx,
Best, & Tal, 2003). This work extends this underdeveloped area of research in two substantial
ways: (1) in our effort we have implemented recommended facets of professional development
through the lens of content and pedagogy, and (2) we have situated this work in an
underrepresented context (urban, charter school).

This paper theoretically examines teacher learning based on our efforts to create and study a
professional development experience for elementary mathematics teachers in urban charter
schools. Although research has identified components necessary to include within professional
development opportunities, how these experiences should be envisioned and their impact on
teacher change, and eventually student learning, have not been fully explored (Fishman, Marx,
Best, & Tal, 2003). Within urban charter schools empirical research related to effectiveness of
professional development is glaringly missing, suggesting a rich investigation context. Charter
schools are often plagued with uncertified staff, high teacher turnover, and no clear vision of
how to achieve high student outcomes (Carver & Neuman, 1999). Our goal is not to enter the
debate surrounding the importance of charter schools, but to explore ways to support teachers in
efforts to align practice in ways that improve students’ mathematical understandings.

This paper explores the conference theme, building community connections, in two ways: (1)
we examine the interplay between research and practice by connecting our research-based
professional development to teachers’ efforts to implement learned practices, and (2) we have
designed an interdisciplinary, professional development experience that is based on research
related to mathematics, teacher learning, and general pedagogy. In examining these two areas,
we aim to create a map that will aid others in developing on-site, long-term teacher education
programs.

Theoretical Perspective

Relevant research in the areas of mathematics teaching and learning, and teacher
development and change, provide a framework for our discussion of how to structure
professional development experiences for elementary mathematics teachers, particularly those in
inner-city settings. It is our belief, and the finding of many studies, that effective professional
development can be an invaluable foundation for high-quality, reform oriented teaching that
leads to improved student learning and achievement (e.g., US Dept. of Education, 2000).
Furthermore, teachers serve as the primary catalyst for change in students’ learning (Borko &
Putnam, 1995).
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National (e.g., NCTM, 2000) recommendations call for an approach to mathematics teaching
that allows students to communicate, problem solve, and engage in conceptual mathematics. This
shift toward inquiry-based instruction assumes teachers view mathematics as a tool for thought,
rather than a set of rules and procedures to be memorized. However, teachers are unlikely to
make adjustments in their thinking without intervention and deliberate support (Richardson &
Anders, 1994). Given this understanding, professional development experiences must
intentionally provide experiences that will assist teachers in learning new ways of thinking about
mathematics and its teaching (Farmer, Gerretson, & Lassak, 2003).

It is well substantiated that teachers’ knowledge and beliefs have a strong influence on
classroom practices and ultimately student learning (Thompson, 1992). To help teachers develop
new practices the connection between content knowledge, beliefs, and pedagogical knowledge
must be considered (Stipek, Given, Salman, & MacGyvers, 2001). Knowledge of subject matter
and general pedagogy, filtered by teachers’ conceptions, help form pedagogical content
knowledge (Marks, 1990); therefore, all types of knowledge must be included within
professional development programs.

Isolated, short-term staff development has proven inadequate for effective school reform and
improved student achievement (e.g., Darling-Hammond, 1997, 1999). This approach does not
allow teachers to address misconceptions, construct new orientations, and learn to teach for
understanding. Teachers often report these one-shot workshops to be irrelevant. They forget 90%
of what they perceive they have learned (Miller, 1998). Hence, to facilitate growth in teachers’
knowledge and beliefs professional development interventions must be long-term and
incorporate teachers’ understandings.

Research suggests the following be included in successful professional development efforts:
(1) university and school collaborative partnerships, in which teacher educators play an
important role in the development of teachers’ thinking and independence (Little, 2002; Putman
& Borko, 2000), (2) opportunity for teachers to reflect in a collaborative format (Farmer,
Gerretson, & Lassak, 2003), (3) guided help with the study of curriculum, assessment, and
instruction (Newmann, Secada, & Wehlage, 1995), (4) modeling of practices that promote
effective student learning, and (5) opportunities to negotiate learning within the context of the
teachers' own practice and classroom (Wilson & Berne, 1999). Within professional development
for elementary mathematics teachers, we must therefore include challenging mathematics
learning experiences complete with opportunities for teachers to reflect on practice within the
context of their teaching (e.g., Farmer et. al, 2003).

Designing professional development becomes increasingly complex when layered with
issues specific to inner-city settings. In urban schools, teachers often avoid teaching that requires
students to use higher-order, critical thinking (Walker & Chappell, 1997). Given the focus on
problem solving in reform oriented approaches to learning mathematics, this propensity towards
procedural mathematics does not provide students with learning experiences that can allow them
success on required, high-stakes tests. As Walker and Chappell (1997) state, "The question is not
whether urban school students can or cannot achieve mathematical skills; rather, it is which
means will elicit maximum success in mathematics" (p. 202). Our effort thus examines the
interplay between the mathematical concepts taught and the views of mathematics embedded
within each individual teacher’s practices.

In the following section we use one urban, charter school as an exemplar case, and discuss
professional development efforts that are being implemented and studied to change teaching
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practice and students’ ability to demonstrate understandings both within the classroom and on
standardized assessments.
An Exemplar Case

This charter school (School C) is located downtown in a large city. The majority of the
student body is minority (99.8% African American) and considered underprivileged (according
to state records). School C (grades K-5) articulates a focus on increasing student achievement,
preparing students for post-secondary educational and/or workforce experiences. Our initial
conversations with faculty indicated they are dedicated and concerned about their students’
learning, and interested in on-going professional development with our university, particularly in
the area of mathematics. Many full-time teachers have not yet completed state-level certification,
including passing the required state basic mathematics examination.

Although our observations suggest a positive learning environment and student/teacher ratio
(approximately 22-1), this school has been unable to make any gains in standardized
mathematics assessments, with all of last year’s scores being below state average and lower than
in previous years. Aware of the acute high-stakes testing situation, this school has made a
proactive attempt to improve scores through isolated, short-term in-service presentations, with no
documented or visible results. For example, one observed presentation involved an educational
consultant demonstrating for fourth and fifth grade students, songs that were to help them
memorize multiplication facts. Based on research in mathematics education, this activity will not
lead to changes in achievement. Although charter schools are being held accountable at the same
level as their district counterparts, most professional development done in these schools is
initiated by for-profit groups with little or no research supporting their effectiveness (Ascher,
Jacobowitz, & McBride, 1999; DiLorenzo, 1996). What is clear in the research on mathematics
teacher education is that without on-going professional development that addresses teachers’
understandings of mathematics and supports their efforts to improve practice within their own
classrooms, no gains can be made in students’ mathematics achievement (Ball, 2000).

Our effort at School C is based on current research, as well as what we have learned about
the needs of teachers and students at this particular school. Two existing mediating factors are
salient: (1) High teacher turnover (61% per year) and a large percentage of the teachers are either
uncertified (64%) or hold emergency credentials (40%); additionally, only 10% have graduate
degrees. Thus, we designed this professional development effort to allow teachers to work
toward advanced degrees and certification. (2) The majority of students are unable to pass the
mathematics portion of the State’s high-stakes standardized assessment (over 75% in 2003), and
in the past two years the failure rate has continued to increase. Given this urgent situation all
professional development now targets weak concept areas as noted on assessment results and
helps teachers to modify instruction that facilitates student conceptual understanding of this
mathematical content.

To assist this school with improving student understanding and achievement, we have
developed an alternative, long-term approach to professional development appropriate to the
needs of these teachers and students. Key components of this experience include: (1) An
intensive, week-long summer institute that immediately emerges teachers into a content-focused
program, engages teachers in school-based dialogue that will help build community, and allows
teachers to earn continuing education credit, (2) Courses that work with teachers on their content,
pedagogical content knowledge, and how to implement mathematics curricula in their own
classrooms, (3) Collaboration with teachers surrounding a focus on students’ improved
conceptually based mathematical understandings and achievement, (4) Bi-monthly workshops
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that provide teachers a community that generates on-going intellectual and emotional support

through conversations surrounding practice, and (5) Modeled on-site practice within teachers’

classrooms. With this experience we are facilitating teacher learning in collaboration with
teachers supported by current research in the areas of teacher learning and mathematics
education.

Implications for Theory and Practice

In light of this school’s articulated goals and what research recommends for long-term
growth in mathematics teaching and learning, we have initiated experiences that work with
teachers on their content, pedagogical content knowledge, and how to implement mathematics
curricula in their own classrooms. As university faculty in mathematics and education, we have
collaborated to create and research professional development that is long-term, done with
teachers directly and students indirectly through practice-based discussions and research,
targeted to specific areas of mathematics in conceptually based ways, and tailored to the needs of
the articulated specific needs of teachers and students. As noted previously, university/school
partnerships provide a ripe context for implementing these types of efforts.

With this work we aim to contribute to what is understood about teacher learning by using
the lens of development of teachers’ conceptions about mathematics and its teaching to foster
change in practice. Although much has been learned over the past two decades related to teachers
and teaching, there is a lack of research that explicitly constructs empirically-based theories of
teacher learning. This work extends this underdeveloped area of research in two substantial
ways: (1) in our effort we have implemented recommended facets of professional development
through the lens of content and pedagogy, and (2) we have situated this work in an
underrepresented context (urban, charter school). This work is part of our endeavor to connect
theoretical knowledge with practice. By situating this discussion at the intersection of
mathematics education, teacher learning, and professional development literature, we have
generated a working model for facilitating inner-city student achievement in mathematics, thus
advancing what is understood the conversation about elementary mathematics professional
development.
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This study takes a reflective look on a professional development program in which grades 4-8
mathematics teachers from nine rural schools were introduced to the PSSM. The ways in which
the teachers received and reacted to the PSSM and changed their beliefs and classroom
practices are addressed by measuring teachers’ progress along three Indicators of Influence,
namely Calculator Technology Indicator, Mathematics Learning Indicator, and Problem Solving
Indicator. Results indicate some statistically significant changes in the beliefs of the teachers
along each indicator and changes in classroom practice with regard to the calculator technology
indicator.

A reason often postulated for the lack of success in some efforts to implement standards-
based mathematics curriculum programs is that teachers generally have not been adequately
prepared for this endeavor (Hiebert, 2003). Especially for inservice teachers, such preparation
requires that one is aware of many critical variables including teachers’ beliefs and conceptions
(Thompson, 1992) and teachers’ overall thinking about mathematics as a discipline, mathematics
teaching and learning, and their individual mathematical growth. In fact, Mewborn (2003)
asserts that “teachers’ thinking needs to be at the center of professional development sessions
just as children’s thinking needs to be at the center of mathematics instruction” (p. 49). Thus, the
more providers of professional development know about the beliefs and conceptions of teachers,
the better they can craft a program that places teachers in a position to effectively carry out
standards-based practices in their mathematics classrooms.

Purpose and Framework

This report takes a reflective look on a professional development project designed to help
lead grades 4-8 teachers to more standards-based mathematics teaching. A framework
developed by the National Research Council [NRC] (2002) provides a structure for this
reflection in that it offers critical questions that lead to understanding the influence of
mathematics education standards on school mathematics programs and teachers’ classroom
practices. The overriding question of interest for the reflective examination is: How should
professional development be crafted in order to position mathematics teachers to begin the
ongoing process of standards-based instruction? The teachers who participated in this study were
introduced and, beyond a year, immersed in the Principles and Standards [PSSM] (NCTM,
2000). Inthe NRC’s Framework context, the more specific questions guiding our reflection are:
(1) How did the teachers receive and interpret the PSSM? (2) What changes in the teachers’
classroom practices were brought about as a result of their exposure to the PSSM? Project and
Participants

The project under discussion was an Eisenhower-funded teacher enhancement project that
established a partnership between three Tennessee county school systems and an institution of
higher education. Incorporating best practices of professional development, the 18-month
project served approximately 50 of the grades 4-8 mathematics teachers in nine schools in three
rural counties of the state. These best practices included long-term professional development
with follow-up support; active participation of school principals (Loucks-Horsley et al., 2003);
integration of content and pedagogy, and a collaborative environment in which the teachers
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could address issues they deemed important (Cooney and Krainer, 1996). The professional
development activities conducted fall into four major categories—namely, analyzing teaching
practice; improving content knowledge; modeling classroom investigations; and exploring
resources. Development leaders were careful that each activity entailed many of the pedagogical
characteristics for standards-based teaching asserted by Cramer (2004).

Two facts are worth mentioning regarding the participants. First, the teachers did not self-
select into the project. Having the goal of effecting change at the school-wide level, all teachers
who taught mathematics at the participating schools were involved as a collaborative team along
with their principal. Second, prior to the project, the majority of the teachers was unfamiliar
with the PSSM or had only a cursory knowledge of it. In combination, these factors provided the
researchers an ideal group of teachers with whom to investigate the research questions.

Method and Data Sources

This study examines the professional development project as a case of teachers advancing
through a process of understanding the PSSM with the intent of implementing standards-based
instruction in their schools. In the project, our approach emphasized that this process of
understanding is—as Mewborn (2003) recognizes—the beginning of a “continual journey” (p.
48). Hence, our overall goal was to identify where different teachers entered the journey, how
far they could progress, and how much they could take from the journey to their classroom in
order to enhance their students’ learning.

A variety of data sources was used as a basis for this reflective study. These include: (1)
teacher journals collected for a year throughout the 18-month project; (2) participant/instructor
dialogue forms collected after each professional development session; (3) pre-, mid-, and post-
project self-reports by teachers; (4) pre-and post-project responses to the Standards Beliefs
Instrument (SBI) (Zollman and Mason, 1992); (5) pre-and post-project attitude surveys with
regard to the nature of mathematics; (6) pre-and post-project school practice surveys; (7) pre-and
post-project mathematics content knowledge exams; and (8) teacher observations and interviews
with a subset of the teachers. Some teachers participated in only certain phases of the project
resulting in pre- and post-project data from 26 teachers. Results on data sources 1, 3, and 4 from
these 26 teachers make up the remaining discussion.

In order to gauge the teachers’ reactions to the PSSM and shed light on our guiding
questions, we identified three indicators of influence: the Calculator Technology Indicator, the
Mathematics Learning Indicator, and the Problem Solving Indicator. These indicators were
chosen post-project because they not only reflected major themes of the PSSM, but covered the
scope of the professional development activities and the data generated from the teachers. Both
quantitative and qualitative analyses were applied to the aforementioned data sources to measure
progress of the teacher participants with regard to each indicator.

Results and Discussion

Upon examining the pre-project data on the teachers’ self-reported beliefs and practices, it
became apparent that teachers entered the journey towards standards-based mathematics
instruction at different points. To illustrate, teachers were asked to respond to a series of
questions about their perceived success in (i) using calculators and manipulatives in the
classroom and (ii) engaging students in mathematical thinking. Two contrasting sets of
responses are representative of the pre-project extremes. In response to (i) Teacher A wrote, “1
choose not to allow the use of calculators in class. I prefer they [the students] get the basic
concept first.” ... “Our curriculum currently doesn’t support the use of manipulatives.” Teacher
B stated, “At the 7" and 8™ grade level, I believe that calculators should be used to keep small
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computational accidents and long calculations from getting in the way of success for students. I
especially like the graphing calculator to bring abstract concepts to the concrete.” ...“Number
lines are about all that we have been able to do! I want to do more!” Commenting on item (ii),
Teacher A seemed not to understand replying, “Vague question. What are you asking?”
However Teacher B wrote, “I try to model mathematical practice and advise against common
pitfalls and misconceptions while fostering creativity and process in math.”

As one way to determine teachers’ entry points, appropriate correlations (Spearman’s Rho)
between variables of interest were investigated. One finding was that correlations between the
teachers’ pre-project rating of their familiarity with the PSSM and the various items on the SBI
were negligible to small with results ranging from -.11 to .21. These results are consistent with
the finding of Zollman and Mason (1992) that teachers’ familiarity with the Standards does not
necessarily mean that they incorporate them into their belief structures. Items from the SBI
constitute the belief aspects of the three indicators of influence.

Calculator Technology Indicator

With regard to this indicator, the professional development engaged teachers in activities in
which they used calculators for problem solving and mathematical discovery. The teachers were
separated into grade level groups (4-6 and 7-8); the grades 4-6 teachers used scientific
calculators and the grades 7-8 teachers used middle school graphing calculators.

Items were administered pre- and post-project at the end of successive school years:
Appropriate calculators should be available to all students at all times (Belief Item, CBI); To
what extent do you feel you are successful in engaging your students in the use of calculators?
Explain/provide an example. (Answer about your classroom practices this school year.)
(Practice Item, CP1). Table 1 indicates movement from non-belief toward belief. Table 2 shows
that actual teacher practice moved in the direction of more calculator use, though still not
frequent use. Changes on both items were statistically significant (CB1: p =.001; CP1 p =.003)
using one-tailed Wilcoxon signed rank tests with level of significance of .05.

Table 1: Pre- and Post-Project Responses to Calculator Belief Item (n=26)

1-SA 2-A 2.5-N* 3-D 4-SD Mean
Pre 2(17%) | 2 (1.7%) 12 (46.2%) | 10 (38.5%) | 3.15
Post 6(23.1%) | 7(26.9%) |2 (7.7%) | 10(38.5%) | 1(3.8%) |2.27

*Two individuals created the category 2.5.

Table 2: Pre- and Post-Project Responses to Calculator Practice Item (n=26 unless noted)

I-not at all 2 3 4 5-to a great extent | Mean
Pre (n=24) | 12 (50%) 5(20.8%) |3 (12.5%) | 3(12.5%) | 1(4.2%) 2
Post 3(11.5%) | 9 (34.6%) | 7(26.9%) | 4(15.4%) | 3 (11.5%) 2.81

The relationship between teachers’ beliefs and their classroom practice was examined.
Initially 16 of 24 teachers (66.7%) reported disbelief in and little use of calculators. However,
this decreased to 19% post-project representing movement in the desired direction. Similarly,
three of 24 teachers (12.5%) reported belief in and frequent use of calculators. This increased to
19.2% post-project, also representing movement in the desired direction.

As cited in Franke et al. (1997), Fennema and her colleagues observed the occurrence of all
possible sequences of the evolution of teachers’ beliefs and their practice. For example, they
report two behavior patterns: (1) teachers may change their beliefs prior to making a change in
their practice; and (2) teachers may change their practice and then subsequently change their
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beliefs. Unlike the work of Fennema et al. which captured periodic snapshots of the teachers’
beliefs and practices as they evolved, this data presents pre-and post - project findings only.
However, the fact that three teachers held the same beliefs from pre- to post-project but increased
in practice, while four teachers increased belief but stayed the same with regard to practice
confirms the existence of the two patterns of behavior. This non-concurrent advancement of the
teachers regarding their beliefs and practice is a plausible explanation for the finding that the
correlation between belief and practice decreased from .33 to .17, pre- to post-project.

Teachers’ explanations were requested for item CP1, revealing their views of the roles that
calculators can play in teaching and learning mathematics; those which actually were revealing
fell into these categories. Pre-project: using calculators to prevent computation errors from
getting in the way of students’ success; using calculators to check and show students’ work.
Pre-and post-project: using calculators only with students who have mastered certain basic skills;
using calculators only after administrating achievement tests. All except the first category reveal
a very limited view of the usefulness of calculators.

However, evidence of a shift in thinking about appropriate calculator use can be found in a
subset of the teachers’ journals. The following is an example of such a shift evidenced by seven
teachers in their journal writings. Mid-project, one teacher wrote: “I have been guilty of the 'old
school of thinking' that students need to be able to do mental math and paper and pencil math
before they are allowed to use a calculator. I see that if the right tasks are set up, a calculator will
free the students to do some higher level thinking without getting weighted down in
mathematical operations.”

Mathematics Learning Indicator

The second indicator of influence relates to teachers’ perceptions of what it means to learn
mathematics and how students learn mathematics. Four of the 16 items on the SBI pertained to
this indicator: Learning mathematics is a process in which students ABSORB INFORMATION,
storing it in easily retrievable fragments as a result of repeated practice and reinforcement
(MLB2); Learning mathematics must be an ACTIVE PROCESS (MLB3); Children ENTER
KINDERGARTEN with considerable mathematical experience, a partial understanding of many
mathematics concepts, and some more important mathematical skills (MLB4); Mathematics can
be thought of as a language that must be MEANINGFUL if students are to communicate and
apply mathematics productively (MLBI).

Table 3 shows statistically significant movement toward standards-based beliefs from pre- to
post-project with regard to MLB1 (p = .015) and MLB3 (p = .015) and small non-statistically
significant movement on MLB4. One-tailed Wilcoxon signed rank tests with level of
significance of .05 were used. An interesting observation is that on average teachers originally
held standards-based beliefs with regard to MLLB3, while originally not holding standards-based
beliefs toward MLB4. The slight movement in the desired direction on MLB4 left the teachers
lacking still a standards-based perspective on this item. Also, the teachers originally did not hold
standards-based beliefs with regard to MLB2, and there was a slight statistically insignificant
move toward less standards-based beliefs in this area.

Table 3: Pre- and Post-Project Responses to Math Learning Belief Items (n=26 unless noted)

1-SA 2-A 2.5-N* 3-D 4-SD Mean
MLB2 Pre 6 (23.1%) | 13 (50%) 6(23.1%) | 1 (3.8%) | 2.08
MLB2 Post 4(15.4%) | 19 (73.1%) 3(11.5%) | 0 1.96
MLB3 Pre 14 (53.8%) | 12 (46.2%) 0 0 1.46
MLBS3 Post 23 (88.5%) | 3 (11.5%) 0 0 1.12
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MLB4 Pre (n=25) | 2 (8%) 4(16%) |0 15 (60%) | 4(16%) | 2.84
MLB4 Post 5(19.2%) | 3(11.5%) | 1 (3.9%) | 11 (42.3%) | 6 (23.1%) | 2.71
MLBI Pre 10 (38.5%) | 14 (53.9%) 2(71.7%) |0 1.69
MLBI Post 19 (73.1%) | 6(23.1%) 1 (3.9%) 1.31

*One individual created the category 2.5.

Comments from four different teachers at mid-project may reveal why these changes in the
respective directions occurred for the MLB items. “For all of these years I thought I had been
teaching mathematics, but in reality I was mostly teaching memorization and procedures without
connections.” “In the past I would never have given a student a task for which I did not know
the answer. Now I realize that the thinking process is more important than the answer” (grade
4). “When we described patterns in blocks (referring to a specific activity), this showed me how
we need to give children more activities where they have to do some thinking for themselves”
(grade 4). “As long as students do well in math, I am open to their thinking for themselves”
(grade 5). “...they (students with whom the teacher was working) did understand some of the
more difficult patterns better than I anticipated. It is really important to let the students discover
and investigate on their own. When I did this, I was really impressed by their comments and
observations” (grade 5).

Problem Solving Indicator

The three problem solving SBI items were: Problem solving should be a SEPARATE,
DISTINCT part of the mathematics curriculum (PSB1); In grades 4-8 mathematics, skill in
computation should PRECEDE word problems (PSB2); A demonstration of good reasoning
should be regarded EVEN MORE THAN students’ ability to find correct answers (PSB3).

Table 4 shows that on average beliefs on each item changed in the desired direction. On two
items, PSB1 and PSB3, on average the teachers originally held standards-based views although
much more so on PSB1 than on PSB3. On PSB2 the teachers originally lacked standards-based
views and the movement in the desired direction was so slight that the post-project disposition
remained non-standards based. The changes on PSB1 and PSB3 were statistically significant
(PSB1: p = .006; PSB3: p = .001) using one-tailed Wilcoxon signed rank tests with level of
significance of .05. The increase on PSB2 was not statistically significant.

Table 4: Pre- and Post-Project Responses to Problem Solving Belief Items (n=26 unless noted)

1-SA 2-A 2.5-N* 3-D 4-SD Mean
PSBI Pre 1(3.9%) | 5(19.2%) (226.2%) 8 (30.8%) | 3.04
PSBI Post 13.9%) | 1(3.9%) 3(11.5%) | 21 (80.8%) | 3.69
PSB2 Pre 8 (30.8%) | 13 (50%) 5(19.2%) | 0 1.89
PSB2 Post 8 (30.8%) | 12 (46.2%) 5(192%) | 1(3.9%) |1.96
PSB3 Pre (n=25) | 1 (4%) | 12(48%) | 3(12%) | 8(32%) |1 (4%) 2.42
PSB3 Post (n=23) | 5 (21.7%) | 15 (65.2%) | 0 3 (13.0%) | 0 1.91

*Three individuals created the category 2.5.

Noticing the slight amount of change that was evident in PSB2 in Table 4, the participants’
responses were examined. Seven teachers indicated a change toward a more standards-based
view of PSB2, while seven others indicated a change away from such.

Relationships Between Indicators

Findings that teachers holding a rule-based view of mathematics tend to believe that

calculators do not enhance instruction (Tharp et al., 1997) warrant an examination of the
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correlations between the calculator belief item and the mathematics learning and problem solving
belief items. In Table 5 before correlations were computed, the responses for the negative
valence items were re-aligned so that a positive correlation between two items tends to mean

simultaneous agreement or disagreement with the Standards on those items.
Table 5: Pre- and Post-Project Correlations Between Belief Items (Post-Project in Bold)

CB1 MLBl | MLB2 | MLB3 | MLB4 |PSBl |PSB2 |PSB3
CB1 00 | -.28 -21 25 16 | -35 -37 21°
MLB1 | .17 00 |16 .04 -27 | -.05 * 39 10°
MLB2 | -.03 -.01 00 | -.26 10 | -.04 .06 -40°
MLB3 | .26 * 60 07 00 -02 | -18 -.05 *49°
MLB4 | *.46° 04 | .25° 15° 00 | -.07 -.07 -.02°
PSB1 | *.40 23 32 29 26° 00 |.35 05°
PSB2 | .27 -.04 19 -.07 *46° | .18 00 21°
PSB3 29° 177 |-22° 01° 18> [ *.48* | *46° 00

Note. n =26 unless noted. ~ *n=25 'n=24 ‘n=23
*Statistically significant difference from 0 (two-tailed test, level of significance .05)

Two of these results merit further investigation. Not surprisingly prior to the project,
teachers’ belief in using calculators correlated moderately (.40) with their belief that problem
solving should not be a separate part of the curriculum and, to a lesser extent (.27), with their
belief that skill in computation should not precede word problems. However post-project, these
correlations changed directions, resulting in -.35 and -.37 respectively.

Interesting correlations are evident in Table 5 concerning pre-project relationships within and
between the problem solving and mathematics learning items. The correlations between the
problem solving belief items were .18, .46, and .48 with the correlation between PSB1 and PSB2
being the less strong (.18). While MLB1 and MLB3 had a strong correlation of .60, other
correlations between mathematics learning belief items were less strong varying between -.01
and .25. The 12 pre-project correlations between mathematics learning and problem solving
items varied between -.22 and .46. It is interesting to note the pairs of items with the strongest
correlations, the change in direction of several of the correlations from pre to post, and the
change in strength of 8 of the 21 correlations within and between problem solving and
mathematics learning items by at least .30 from pre to post.

Conclusion and Implications

This study’s overriding question concerns how professional development is crafted so that
teachers are in position to begin the process of standards-based instruction in mathematics
classrooms. The data confirm that a tailored professional development program including
various types of activities (e.g., analyzing practice; improving content; modeling investigations;
and exploring resources) can indeed better position teachers to enact standards-based instruction.
Specifically, evidence supporting the three indicators of influence reveals some significant
changes in teachers’ beliefs with respect to calculator use, mathematics learning, and problem
solving. That is, the manner in which many teachers received and interpreted the PSSM
throughout the duration of the 18-month project resulted in a fundamental change in their belief
structure. As the professional development unfolded, changes in practice were initiated—in
particular with regard to calculator use. Given the rise in popularity of standards-based curricula,
these results provide promise to leaders that teachers can become prepared to implement them.
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We offer however the following caveats. Long-term, sustained professional development
provides more opportunities for teachers to make fundamental changes in their beliefs and
practices. It also allows for classroom implementation to occur simultaneously resulting in more
meaningful professional development. As evidenced in some of the reversed patterns in our
correlations from pre- to post-project, it is observed that teachers do not always make these
changes in a linear fashion. Collectively different teachers may progress at varying rates and,
individually, one might advance along one dimension and simultaneously digress along another.
Another important component is getting the teachers to reflect often through writing which can
serve two functions: facilitating their metacognitive growth and providing leaders with evidence
for formative and summative evaluation. Lastly as Thompson (1992) asserts, leaders must
recognize limitations on potential inferences made from data on beliefs due to teachers’
broadening interpretations of language in related instruments as they progress through
professional development. Hence, as with growth in any aspect of life and in any occupation, the
more teachers learn the more they realize they need to learn.
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INVESTIGATING THE DEVELOPMENT OF A PROFESSIONAL MATHEMATICS
TEACHING COMMUNITY

Chrystal Dean
Vanderbilt University
chrystal.dean@vanderbilt.edu

This paper documents the development of group of middle school mathematics teachers into
a professional mathematics teaching community. This study is significant because it not only
provides an analysis of the evolution of the teachers into a community of practice, but also the
means by which that evolution was supported.

The purpose of this paper is to provide an analysis that documents the development of a
professional teaching community from its initial formation and the means of supporting its
emergence. Gamoran, et al. (2003) call for such an analysis when they note that there are
currently no longitudinal analyses that report on the development of professional teaching
communities from inception. The importance of professional teaching communities is explicated
by Secada and Adajian (1997) who assert that mathematics teachers’ professional communities
provide an important context for understanding the nature of teachers’ practices, change, and
learning. Mathematics educators therefore need to better understand the nature of professional
teaching communities in order to better understand the process of mathematics teachers’ learning
and how best to support it.

Professional Teaching Community Characteristics

What differentiates a professional teaching community from a group of teachers? Grossman,
Wineburg, and Woolworth (2001) argue for the importance of distinguishing between a
professional teaching community and a group of teachers:

Even a cursory review of the literature reveals the tendency to bring community into being
by linguistic fiat. Groups of people become communities, or so it would seem, by the flourish of
a researcher’s pen. Researchers have yet to formulate criteria that would allow them to
distinguish between a community of teachers and a group of teachers sitting in a room for a
meeting. (p. 943)

Researchers who have collaborated with groups of teachers to establish professional teaching
communities (cf. Franke & Kazemi, 2001; Grossman et al., 2001; Lehrer & Schauble, 1998;
Rosebery & Warren, 1998; Stein, Silver, & Smith, 1998; Warren & Rosebery, 1995) make clear
that a group of teachers who collaborate with each other in some way does not necessarily
constitute a community. An important first step is therefore to clarify what distinguishes a group
from a community. Wenger (1998) discusses three interrelated dimensions that clarify what
distinguishes a community of practice from a group: joint enterprise, mutual engagement, and a
shared repertoire. 1 will expand on these three dimensions and discuss how they relate to a
professional teaching community.

A joint enterprise is a negotiated venture “produced by participants within the resources and
constraints of their situations” (Wenger, 1998, p. 79). More than merely a stated goal, the joint
enterprise creates a sense of mutual accountability that becomes an integral aspect of the practice
of the community. Secada and Adajian (1997) introduce a similar notion when they describe
community as a group of people who have organized themselves for a shared purpose. “They
adopt or are assigned formal and informal roles, they organize additional structures (such as
times for meeting and planning) as needed, and they take actions—all in order to achieve their
purposes” (p. 194). For a professional teaching community this shared enterprise might be
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teaching mathematics for understanding where there is a focus on students’ learning of
significant mathematical ideas.

Mutual engagement includes the social complexities and relationships that are developed in
pursuit of a shared enterprise, as well as the norms of participation that are specific to the
community. Bellah, Madsen, Sullivan, Swidler, and Tipton (1985) speak in similar terms when
they define community as “a group of people who are socially interdependent, who participate
together in discussion and decision making, and who share certain practices that both define the
community and are nurtured by it” (p. 333). For a professional teaching community this would
include both social norms of participation as well as norms that are specific to mathematics
teaching such as the standards to which the members of the professional teaching community
hold each other accountable when they justify pedagogical decisions and judgments (Cobb,
McClain, Lamberg, & Dean, 2003).

A shared repertoire includes historical events, tools, styles, discourses, actions, stories,
artifacts, and concepts. These have been produced or appropriated by the community in the
course of its existence and have become a part of its practice. The elements of a repertoire “gain
their coherence not in and of themselves as specific activities, symbols, or artifacts, but from the
fact that they belong to the practice of a community pursuing an enterprise” (Wenger, 1998, p.
82). Since this communal repertoire is developed during the process of the collaborative,
coordinated effort to pursue a shared purpose, it is specific to the community and this shared
purpose. For a professional teaching community, this shared repertoire includes normative ways
of reasoning with resources when planning for instruction and making students reasoning visible.

Although the notion of a community of practice as developed by Lave and Wenger (1991),
Rogoff (1995), and Wenger (1998), has been used relatively widely to characterize professional
teaching communities (Franke & Kazemi, 2001; Lehrer & Schauble, 1998; Stein, et al., 1998;
Warren & Rosebery, 1995), other researchers have contributed to additional criteria for what
constitutes a professional teaching community. Following Newmann and Associates (1996),
Gamoran, Anderson, Quiroz, Secada, Williams, and Ashmann (2003) identify the elements of a
professional teaching community as follows: (1) exhibiting a shared sense of purpose in their
attention to student thinking, (2) focusing collectively on student learning, as opposed to
teachers’ more common conversations about administrative details and managing student
behavior, (3) collaborating on ways to improve their students’ understanding of mathematics, in
contrast to teachers’ usual practice of working in isolation, (4) engaging in reflective dialog, a
conversation about the nature and practice of teaching, and (5) making their own teaching
practices public, instead of keeping their practice private and confined within the classroom.
The first, second, and fourth characteristics are variations on Wenger’s notions of joint enterprise
and shared repertoire previously discussed. However, the third and fifth characteristics bring in
an important aspect of Wenger’s dimension of mutual engagement that has not been explicitly
addressed—the de-privatization of teachers’ instructional practices. Teachers working in
isolation keep aspects of their instruction such as decisions made and tools used during planning,
facilitation, assessment, and reflection private. Conversely, as teachers are mutually engaged in
the pursuit of a shared purpose, they develop norms of participation, which bring about the
necessary consequence of teachers’ instructional practices becoming public. This in turn
cultivates a mutual accountability of justifying and critiquing pedagogical justifications within a
professional teaching community. Secada and Adajian (1997) operationalize a professional
teaching community specific to mathematics teaching along four dimensions: (1) a shared sense
of purpose, which they describe as the nature and extent of the school staff’s shared values and
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goals; (2) a coordinated effort to improve students’ mathematics learning including teachers
working together and setting aside personal prerogatives in favor of shared goals; (3)
collaborative professional learning, meaning how well and closely the teachers work together to
learn about and to improve their practice as related to mathematics; and (4) collective control
over important decisions affecting the school’s mathematics program or in other words, whether
teachers have the power as a group, to focus the direction of their program. Although similar to
Wenger’s (1998) and Gamoran, et al.’s (2003) descriptions, Secada and Adajian’s dimensions
raise two important issues when clarifying what constitutes a professional teaching community.
First, like much of the discussion about professional teaching communities in the research
literature (Franke & Kazemi, 2001; Grodsky & Gamoran, 1998; Grossman, et al., 2001;
Newmann & Associates, 1996; Stein, et al., 1998), Secada and Adajian focus on the school as
the location of the community. This obviously hints at the fact that the professional teaching
community is institutionally situated. However, it is also important to note that a professional
teaching community would not have to be confined to the boundaries of a school nor involve all
the teachers in a school, but could include a group of teachers who come from different schools
within the same school district. Secondly, I believe Secada and Adajian’s fourth dimension may
need to be modified when taking the teachers’ institutional context into consideration.
Obviously, members of a professional teaching community should come to see themselves as the
professionals most capable of making decisions that affect the mathematics teaching within their
schools. However, whether or not they have the power as a group to do so does not make them
any less a professional teaching community. This autonomy merely reflects the location of the
community within the institutional context in which they work.

Synthesizing the literature presented on communities of practice, professional communities,
and professional teaching communities, I will use the following criteria to determine when the
group of teachers that are the subject of this study evolved into a professional teaching
community:

* A shared purpose or enterprise such as ensuring that students come to understand central
mathematical ideas while simultaneously performing more than adequately on high
stakes assessments of mathematics achievement

* A shared repertoire of ways of reasoning with tools and artifacts that is specific to the
community and the shared purpose including normative ways of reasoning with
instructional materials and other resources when planning for instruction or using tasks
and other resources to make students’ mathematical reasoning visible

*  Norms of mutual engagement encompassing both general norms of participation as well
as norms that are specific to mathematics teaching such as the standards to which the
members of the community hold each other accountable when they justify pedagogical
decisions and judgments

Data collection involved a focus on the work sessions and summer seminars conducted in
collaboration with the professional teaching community during the first two years of the project.
Data sources include videotape of each work session, field notes, and copies of the teachers’
work during the session.

The approach that I took when analyzing the emergence of the professional teaching
community involved a method described by Cobb and Whitenack (1996) that was developed for
analyzing longitudinal data sets of the type generated during design experiments. This method is
a variant of Glaser and Strauss’ (1967) constant comparative method and is specifically tailored
to the systematic analysis of longitudinal data sets in mathematics education. The first phase of
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the analysis involved working through the entire data corpus in chronological order. In this
phase, conjectures made while analyzing particular episodes about norms that had been
established by the teaching community were tested and, as necessary, revised while analyzing
subsequent episodes. In the second phase of the analysis, the resulting chain of conjectures and
refutations were analyzed to produce empirically-grounded accounts of the learning of the
teaching community that consisted of a network of mutually reinforcing assertions that span the
entire data set.

In order to analyze the emergence of the group into a professional teaching community, I
identify the successive norms that became established in the community. It is important to clarify
that norms are identified by discerning patterns or regularities in the ongoing interactions of the
members of the professional teaching community. A norm is therefore not an individualistic
notion but is instead a joint or collective accomplishment of the members of a community
(Voigt, 1995). A primary consideration when conducting analyses of this type is therefore to be
explicit about the types of evidence used when determining that a norm has been established so
that other researchers can monitor the analysis. A first, relatively robust type of evidence occurs
when a particular way of reasoning or acting that initially has to be justified is itself later used to
justify other ways of reasoning or acting. In such cases, the shift in the role of the way of
reasoning or acting within an argument structure from a claim that requires a warrant, to a
warrant for a subsequent claim provides direct evidence that it has become normative and
beyond justification. A second, more robust type of evidence is indicated by Sfard’s (2000)
observation that normative ways of acting are not mere arbitrary conventions for members of a
community that can be modified at will. Instead, these ways of acting are value-laden in that they
are constituted within the community as legitimate or acceptable ways of acting.  This
observation indicates the importance of searching for instances where a teacher appears to
violate a proposed communal norm in order to check whether his or her activity is constituted as
legitimate or illegitimate. In the former case, it would be necessary to revise the conjecture
whereas, in the latter case, the observation that the teachers’ activity was constituted as a breach
of a norm provides evidence in support of the conjecture (cf. Cobb et al., 2001). Finally, a third
and even more direct type of evidence occurs when the members of a professional teaching
community talk explicitly about their respective obligations and expectations. Such exchanges
typically occur when one or more of the members perceive that a norm has been violated.

The successive norms that became established in the professional teaching community
included norms for: 1) general participation, 2) pedagogical reasoning, 3) mathematical
reasoning, and 4) strategic reasoning. The analysis of norms for general participation documents
the evolving participation structure of the community (Lampert, 1990; Shulman, 1986). As an
illustration, this analysis documents whether it became an established norm in the community for
the teachers to question and critique each others’ reasoning or whether norms involved what
Grossman, et al. (2001) term pseudo-agreement in which the teachers refrained from confronting
issues that relate to their instructional practices. The analysis of norms for pedagogical
reasoning documents the norms that became established as the teachers both reflected on their
instruction and planned for instruction. In focusing on the key norm of what counts as an
acceptable pedagogical argument, for example, I documented the extent to which the teachers in
the community became obliged to justify their pedagogical judgments in terms of analyses of
students’ mathematical reasoning. The analysis of norms for mathematical reasoning document
both the norms for mathematical argumentation and the norms for reasoning that became
established as the teachers explored particular mathematical domains. When the teachers
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engaged in activities that involve analyzing data, for example, I documented whether the norms
that became established for statistical reasoning involved additive or multiplicative reasoning.
The analysis of strategic norms documents the evolution of the teachers’ understanding of the
institutional setting and its influence on their teaching of mathematics. I choose these four norms
a priori based on specific conjectures. Grossman, et al.’s (2000) claim that there must be an
essential tension and change of norms of interaction in order to break down a pseudocommunity
and allow a group to evolve into a professional teaching community is one of the foundations for
my conjecture that norms of general participation must be documented. Another rationale for
documenting norms of general participation also gives background for documenting norms of
pedagogical reasoning. This being the third characteristic of what constitutes a professional
teaching community: mutual engagement. As stated previously, this includes both general norms
of participation as well as norms that are specific to mathematics teaching such as the standards
to which the members of the community hold each other accountable when they justify
pedagogical decisions and judgments. Pedagogical reasoning is also important to analyze given
our overarching goal of supporting the eventual development of teachers developing
instructional practices in which teaching is a generative, knowledge-building activity with
students’ reasoning at the center of instructional decision making. The decision to document the
norms for mathematical reasoning comes from the literature that claims that in order for teachers
to understand student thinking and the best way to support student learning of significant
mathematical ideas they must have a deep understanding of the mathematics they teach
(Bransford, Brown, & Cocking, 2000; Ma, 1999; Shulman, 1986). Although Talbert and
McLaughlin (1994) and Gamoran, et al. (2003) point to the importance of understanding the
institutional context, it is not obvious from the literature that documenting strategic reasoning
norms is important. However, based on our log of on-going conjectures, it became evident that
the teachers’ view of the institutional context and how it supported or constrained their
instructional practices changed. Thus, I believe it is important to document these changes and
how they were supported.

Limited space presents the necessity to limit the results of my analysis to only one of the four
norms presented above. As norms of general participation are part of the third criteria for what
constitutes a professional teaching community, I will choose this type of norm to document in
this paper.

At the beginning of our collaboration, not unexpectedly, teachers were anticipating our
collaboration to be like other professional development sessions they had experienced, in that
they were treating the researchers as experts there to disperse information for the teachers to take
back to their classrooms and use with their students. Thus the general norms of participation
included the researchers presenting information and teachers’ discussion occurring only after
researchers’ questions. The teachers’ answers were always aimed directly back to the researcher
and not towards each other.

The first noticeable shift in the general participation norms occurred during our fifth session
with the teachers. Although the nature of discussion was still in the spirit of turn sharing among
the teachers, there were a few notable instances when the teachers questioned each other for
clarification of statements and conjectures. This shift was supported through a discussion of
student work generated by an assessment task teachers had done with their students prior to
attending the session. However, the group would still be termed what Grossman, et al. (2003)
call a pseudocommunity. Meaning, teachers would suppress conflict and not challenge each
other on conjectures made during discussions and thus, present a false sense of unity.
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The second shift in general participation occurred after one year of working with the group of
teachers during our seventh session when a video was interrupted by one of the researchers. The
purpose for the interruption was to redirect the teachers’ focus to the students’ reasoning as they
were attending solely to student behavior. One of the teachers explained that the teachers
naturally focus on student behavior because that is how they are evaluated by administrators.
She explained that they do not have the opportunity to observe other teachers’ classrooms. This
event led to the teachers being more open with their responses and no longer presenting
information as if they were being evaluated. Researchers were still viewed as specialist experts,
but the teachers started viewing themselves as authorities on what teaching entailed in their
specific district and started requesting certain activities and topics to cover during sessions.

Another major shift occurred during our 11" session with the teachers. The catalyst for this
shift was having the teachers plan and teach a lesson together during the session using students
from one of the participants’ classes. As teachers prepared for the class activity, they debated
with each other the goals of the lesson and how best to achieve them. Teachers’ questions were
directed to the group instead of to the researchers. The teacher whose students were used led the
activity. Afterwards, the teachers constructively critiqued the lesson. The pseudocommunity
was starting to break down at this point.

During the next two sessions, teachers challenged each others conjectures and pushed for
justifications in both mathematical and pedagogical reasoning. Disagreements were no longer
seen as uncomfortable, but expected. The relationship between researchers and teachers became
more collegial, with the teachers even challenging statements made by the researchers. At this
point we would claim the group of teachers had emerged into a professional teaching
community.

Although the reported analysis is limited in scope by focusing on the changes only in general
norms of participation, the group’s evolution is still evident. What is of most importance is to
note the specific means that supported these shifts. This is by no means a prescription for how
every group will evolved. However, the results of this analysis can generalize to other cases in
that it can enable researchers and teacher educators to adapt the means by which the learning of
the professional teaching community was supported in a conjecture-driven manner.
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What can children’s responses to spatial tasks teach us? This paper explores children’s spatial
thinking on one particular task, teacher’s responses to the children’s thinking, and proposes
three possible aspects of performance that can inform the teaching of early numeracy. These
aspects are the use of imagery, dispositions or habits of mind, and strategic thinking.

Over the past decade there has been increased interest in the role of imagery in developing
mathematical understanding (Brown & Wheatley, 1997; Owens & Clements, 1998; Battista,
1999). Though imagery is recognized as important to spatial thinking, the connection between
imagery and numerical thinking has not been clearly established. Battista (1999) for example
has explored how elementary students structure spatial environments and the connection of this
structuring to the development of multiplicative thinking. Wheatley and Cobb (1990) found a
strong relationship between young children’s responses on imagery tasks with their number
development classification, and proposed that spatial patterns and imagery may play an equally
important role in number development as well as geometry. Brown and Wheatley (1997) report a
case analysis of one student who had difficulty forming a useful image and therefore had
difficulty representing or transforming that image in order to help her solve mathematical non-
routine problems. Cruz, Febles, and Diaz (2000) explore the role of visual imagery through the
case of a “visualiser” student who correctly solved problems in a creative, connected, visual way
yet failed the mathematics test because he did not use more algebraic methods. These studies
explore the use of visual imagery in solving mathematical problems, both geometric and
numeric, and challenge learning models that do not adequately account for mathematical
conceptions that are more spatially based. This research further highlights how, as Cruz, Febles,
and Diaz (2000) state, “visual education is often a forgotten area in educational practice, in
relation to the importance that the numerical and algebraic content have” (p. 35).

Teaching number, geometry, or algebra so that students learn it meaningfully requires an
understanding of how students construct their knowledge in various contexts, including more
visual spatial situations. For teachers it requires drawing upon this understanding to chose and
adapt tasks, assess students’ work, and respond to student thinking. Previous studies have
focused on teachers learning more about their students’ thinking and how this learning can
generate and sustain changes in practice (e.g. Fennema, et al., 1996; Clarke, 2001). Much of the
work in this area is based on teachers’ interpretation of students’ strategies for solving number
operation problems. Our study contributes to this work by focusing on how young children solve
spatial tasks, and the impact this has on teacher learning. In particular we pose two questions: 1)
What can we learn from using spatial tasks for assessment purposes? 2) What aspects of spatial
task performance do teachers find most useful for better understanding children’s mathematical
thinking?

Theoretical Considerations

Presmeg (1986) refers to individuals who prefer to use visual methods for solving problems

as visualisers. In her study with students in their final year of high school she categorized various
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kinds of images used by visualisers into five types: concrete pictorial imagery; pattern imagery;
memory images of formulae; kineasthetic imagery; and dynamic imagery. Wheatley and Cobb
(1990) present another framework for considering young children’s responses to a visual spatial
puzzle task. Wheatley and Cobb presented young children with 5 geometric shapes and asked
them to construct a square with the pieces. A pattern for completing the square using three of the
pieces was quickly shown to the children and then removed. Children’s capacity to capture and
use this visual pattern in completing the puzzle was described in five levels: 1) image of linear
objects (shapes construed as “lines”); 2) global covering (shapes used to “fill up space”); 3)
structuring an unfilled space (sees unfilled space as a region); 4) partial image construction (uses
the offered pattern to begin placing pieces); and 5) relational image construction (uses the
offered image to quickly place all 3 pieces). In levels one through three, children did not access
the visual information presented to them, while in levels four and five, children used this image
to guide their solution of the puzzle task.

These frameworks for observing students as they access and apply imagery present
interesting questions for educational researchers. What impact does awareness of children’s use
of imagery have for teachers and their practice? How do teachers make sense of what they
observe while children work? What other aspects of spatial/mathematical thinking can teachers
observe in their students’ responses?

Study Context and Methods

For the past several years, we have worked with teachers to learn more about how to best
assess and support the development of early numeracy in young children (Kindergarten and
Grade 1). Our main project, the Early Numeracy Project [ENP], involved sixteen teachers and
their students from five school districts across the province, and included both rural and urban
schools. Project goals included working with teachers to: 1) create and use performance-based
tasks most appropriate for assessing numeracy in young learners; 2) create and refine
instructional strategies to support numeracy development at school and home; and 3) develop
reference standards on key assessment items that provide a portrait of young students’
mathematical thinking. The assessment developed by the ENP team focused on four aspects of
early numeracy: mathematical disposition, number skills, number concepts, and spatial thinking.
Project teachers received some release time to extensively field-test the assessment items with
their students. Project teachers also received release time to meet as a group three to four times a
year over a three-year period.

Data collected include results for approximately 200 kindergarten students on 17 tasks from
an individually administered performance assessment. Twenty-one of these students provided
permission to have their performance assessment video-taped. Researcher field notes collected
during project meetings provide data on teachers’ questions and concerns as the project
progressed. Audio taped interviews with project teachers conducted throughout the project, and
written and oral feedback from practicing teachers using the assessment items were also used.
For this paper we focus our attention on students’ and teachers’ response to one of these ENP
tasks that highlights children’s visual spatial thinking. This task, the Squares Task (adapted from
Clarke (2001) and Wheatley and Cobb (1990)) asks students to select three shapes from a set of
six geometric pieces (a rectangle, 2 isosceles right angle triangles, 1 large and 2 smaller right
angle triangles) and to use these to form a square. If students were unable to make the square, a
hint was given for how to create the larger right angle triangle from the two smaller ones.
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Results and Conclusions

Both Wheatley and Cobb’s (1990) levels for image re-presentation and construction, and
Presmeg’s (1986) delineation of 5 types of images used by visualisers in solving mathematical
problems were helpful in shaping a framework for examining student responses to the Squares
Task. However, it was not imagery levels alone that provided information for teachers. What
emerged from the task was a vivid picture of the child’s strategic thinking (using a logical
strategy, learning from mistakes, evaluating possible moves before placing pieces) and habits of
mind (such as perseverance, flexibility, curiosity, etc.) As a result, the continuum of responses
used to analyze the task features 4 levels that describe the use of imagery, the strategic approach,
and the habits of mind typical of any one level for solving the Squares Task. First we share
typical student responses for each of the levels then we share teacher responses to their students’
work on this task.
Analyzing Children’s Spatial Responses

The continuum of responses to the Squares Task features 4 stages, which describe the
behaviours demonstrated by the children while working to solve the puzzle. There are some
important components to consider in these stages. First, in Stage One — Pictorial, and Stage Two
- Random, children did not appear to understand the task as one of “selecting and fitting pieces
into the frame to form a square with no overlap”, while children operating at Stages Three and
Four were very clear on the task and approached it with purpose. As children progressed from
Stage Three — Static, through Stage Four — Dynamic, they appeared to connect their prior
learning to new situations, learning from their mistakes and sometimes commenting on their “ah-
ha” moments. Each stage is described below, and includes student performance examples.

Pictorial

Children at this stage were preoccupied by the construction of shapes and objects in the
environment, like houses and flowers. They made connections to real objects, but not to the task.
Clues given by adults were not always helpful in supporting students. For example, Christie (6
years, 1 month) began building her square off the template page. She did not understand that the
task involved positioning her shapes inside the square template. When prompted to do so, she
used her shapes to outline the template — seeing the forms as lines rather than intact shapes — and
commented on their appearance: “That’s a funny square. It’s like a dragon’s tail. Weird”
(Figure 1. Stages 13). Although the teacher offered support in a variety of ways, Christie
struggled to position the shapes within the template. Nonetheless, Christie remained engaged
and appeared confident with the task, talking and smiling throughout.

RN
‘ | . ’ |
Figure 1. Pictorial response to the squares task
Random
Children at this stage were random in their selection of pieces to fill the square form. They
saw the task as one of “covering” or “smothering” the square form — and would overlap pieces
and extend beyond the edges of the square without being bothered by it. Pieces that fit within

the form were seen as “lucky”; children did not seem to connect to or learn from their
experiences of success at this stage. Clues given by adults were sometimes helpful in supporting
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students. Ray (5 years, 11 months) began to solve the puzzle by building off the page as well,
and when directed to do so, began to place the pieces on the template. He paid more attention to
how the pieces fit within the frame than Christie, but insisted on stacking and layering shapes to
cover unfilled space (Figure 2. stages 2, 3, 4). Ray used self-talk while he worked, commenting
on the task “I need more small ones,” and persisted to complete it.

LK<

Figure 2. Random response to the squares task

Static Imagery

Children at this stage understood the task as “making a square” or “filling in the form”. They
selected shapes from the available pieces and rotated them to make a fit, but were not able to
predict which pieces would match without testing them first. Children at this stage tended not to
flip pieces, but rather to turn or slide them. Clues given by adults were often helpful in
supporting students. Maria’s (6 years 5 months) flexibility in approaching this task was evident
in the different pieces she selected and in the ways she tried to orient them to make them fit. She
did not get stuck in one position, but substituted pieces and shifted them readily. Maria paid
attention to the angles and the ways the pieces fit together. Notably, in her transforming of the
pieces she did not flip shapes, but only rotated and slid them (Figure 3. stages 2, 3, 4, 5). When
given the clue (stage 6), Maria grinned and said, “Thank you for giving me an idea!”, then
quickly added the missing piece to the page. She could visualize the placement of the pieces
from the brief teacher demonstration, and was able to re-create that image to solve the problem.

AW -] <

Figure 3. Static imagery response to the squares task

Dynamic Imagery

Children at this stage were able to predict which pieces would fit from among a jumble of
available shapes. These children could mentally turn, flip and move pieces in making their
predictions. Often, these children would perform the transformation of the required piece in the
air before laying their shape on the form, all done in a fluid motion. Children operating at this
stage tended not to need clues to support their solution finding. Rather, they evaluated each
piece and its placement before placing it within the form. Charlotte (6 years, 6 months) used
dynamic imagery to select, rotate, flip, match angles and place the pieces in order to form the
square (Figure 4).

VK K<

Figure 4. Dynamic imagery response to the squares task
Impressed with Charlotte’s ease in completing this task, the project teacher encouraged her to

share her thinking
T: How did you know what pieces to choose?
C: Because I did it in my brain that these points (pointing to the right angles of the

large right angle triangle) go over here (referring to the right angle of the square).
I don’t think the small-these points (pointing to the acute angles of the triangle)
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go there. Because, it’s like when you put it together in your imagining then it
makes a square.

From Charlotte’s explanation and actions we can see that she was able to mentally move the
shapes in her head before she placed them on the square. She has an understanding of the
connections between the various shapes and the properties they share. Few students solved or
articulated their thinking as quickly and clearly as Charlotte. In fact, few project teachers solved
the problem with such ease.

The continuum of responses to the Squares Task features 4 stages, which describe the
behaviours demonstrated by the children while working to solve the puzzle. There are some
important components to consider in these stages. First, in Stage One — Pictorial, and Stage Two
- Random, children did not appear to understand the task as one of “selecting and fitting pieces
into the frame to form a square with no overlap”, while children operating at Stages Three and
Four were very clear on the task and approached it with purpose. As children progressed from
Stage Three — Static, through Stage Four — Dynamic, they appeared to connect their prior
learning to new situations, learning from their mistakes and sometimes commenting on their “ah-
ha” moments. Each stage is described below, and includes student performance examples.

What Teachers Learned From Children’s Spatial Responses

In sharing and discussing interpretations of responses, such as Charlotte’s, teachers began to
appreciate how students were using visual images, representations, and mental transformations to
solve problems. This teacher’s comments are representative of others when she stated:

Well, I didn’t give much attention to the significance of spatial awareness before. ... I'm
certainly more aware of it now.... And I’m in the search for students who have strong
spatial skills. (T1, interview)

This task is excellent for highlighting students’ habits of mind and general spatial
awareness... how students can do mental transformations and how they stick with the task
or give up. (T4, interview)

Teachers spoke about how the spatial task provided them with not only insight into the
mathematical strengths and thinking of their students but also new ways for them to think about
their teaching.

I believe spatial visual tasks like the spatial task are essential to math understanding but I
had never taught it so specifically as I do now. My increased awareness about this area has
directly affected my teaching practice. (T8, interview)

Although now more aware, teachers also questioned how to bring or highlight visual spatial
aspects of number and geometry into their practice. Having limited experience themselves with
visual spatial tasks, teachers lacked resources and possibilities for how they might emphasize and
help students develop visual imagery for solving mathematics problems. Analysis of our data
indicate that although all project teachers expressed interest in developing students’ visual
representations and valued learning more about their students’ visual representations, only a third
of the teachers actively pursued this in their teaching. These teachers spoke about how the task
provided new ways to support their students.

Whenever I notice a child who has a strength on this task I often see this strong ability
present in other visual spatial tasks. The task highlights the strength for me and I try to
build on that child’s strength throughout the year. I use this strength to build the child’s
confidence. It also helps me to support that child by trying to present more visual strategies
to understand a concept but I’'m still struggling with ways to do this well. (T2, writing)
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Other teachers, however, were more cautious about how visual spatial tasks such as the
square task could be used to inform instruction. As one teacher stated when asked if and how
she is using the task in her practice:

I have been puzzled by the results of this task since we started using it. Some people
(adults and children) are much better at it than others, but I have not been able to see any
correlation between that ability and any other abilities. As it stands the squares task is
fairly low on my ranking of the ENP tasks. I would love to see how a consistent practice
of such tasks would influence the performance of a group on other activities. (T14,
writing)

These results contribute to what we know in terms of using the analysis of student thinking as
a focus for teacher learning/inquiry and the challenges some teachers face in sustaining that
inquiry in their practice. Teachers as part of the Early Numeracy Project had opportunities to try
the squares task with various students in their own classrooms and in colleagues’ classrooms.
Teachers came together in regular ENP meetings to discuss what they noticed in students’
strategies with this spatial task, how to interpret students’ responses, and the extent to which the
task was useful in terms of informing their understanding of students and their practice. The
opportunities to discuss and share student thinking related to this and other ENP tasks were noted
as key for all teachers in the project. This collaborative inquiry was quite different from the
typical workshop type professional development most teachers had experienced. Ball and Cohen
(1999) argue for moving beyond traditional workshop-type professional development programs
by considering how the practice of teaching can be a powerful context for teacher learning.

Some professional development literature indicates that teachers’ individual and collective
analysis of children’s thinking is a promising context for learning in and from teaching practice
(Fennema et al, 1996; Schorr & Alston, 1999; Clarke, 2001). Our study contributes to and
extends this research by focusing on teachers’ opportunities to analyze and discuss the actions
and imagery created by students in representing spatial problems. Although some teachers
questioned what the task offered, most teachers found the task highlighted students’ use of
imagery, habits of mind, and strategic thinking. In addition, the task often challenged teacher’s
assumptions about the mathematical strengths and weaknesses students bring with them to class.
It served to heighten teacher’s curiosity about connections between spatial and numerical
thinking.

Our work with ENP teachers and children on this spatial task has lead us to experiment with
how the video clips of students working on this task might be used to engage other teachers,
those who did not have the opportunity to participate in the ENP over the past few years, in an
investigation of students’ spatial thinking. What do teachers notice as they play and re-play
students’ spatial responses? What do they notice about the kinds of teacher hints and
interventions provided students as they work on the task? How does analyzing students’
responses to spatial tasks inform teachers in their design of problems and activities to develop
students’ numerical thinking? These questions are interesting and important as they extend our
thinking, not only about characteristics of professional development that involve teachers in
inquiry, but also in the connection between spatial and numerical thinking. This connection is a
challenge for educators and an area that warrants continued research.
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Literature on teacher conceptual change focuses on the mathematics classroom teacher and
aspects of their conceptual change in the teaching and learning of mathematics (see Shaw &
Jakubowski, 1991). Additionally, Garet et. al. (2001) identifies both structural and core features
of effective professional development for teachers. This study examines the conceptual change of
one practicing mathematics teacher, Andrew, who has been part of an online learning
community. It observes the relationship between the core features of effective professional
development (Garet, et al., 2001) and the changes that manifested themselves in Andrew’s
knowledge, skills, and classroom teaching practices. The results show that effective professional
development can be obtained via meaningful and carefully selected online course activities.

Introduction

Research in the area of teacher change has identified several characteristics of the nature of
conceptual change (see Shaw, & Jakubowski, 1991; Shaw, Davis, Sidani-Tabbaa, & McCarty
1990; Pajares, 1992; Posner, Strike, Hewson, Gertzog, 1982). Some of the research in this area
has focused on the mathematics classroom teacher and aspects of their conceptual change in
teaching and learning of mathematics (see Shaw, & Jakubowski, 1991). Studies have found that
what may influence one teacher’s desire and motivation to change may have no effect or the
opposite effect on another. Furthermore, some teachers may posses this desire for conceptual
change but are not able to make the next step in actually changing the way they learn and teach
mathematics. Others still are able to make the transition to significant change (Shaw &
Jakubowski, 1991). What fosters meaningful change in some mathematics teachers with respect
to both their classroom practice and acquisition of new knowledge in mathematics? This study
focuses on the conceptual changes of a single online student who is currently enrolled in a
graduate program in mathematic education and a practicing classroom mathematics teacher. This
study represents one case of a larger project involving several other members of the same online
learning community.

Statement of the Problem

The purpose of this study was to identify what conceptual changes, if any, in learning and
teaching mathematics have occurred for one practicing mathematics teacher who is a member of
a graduate level online learning community (part of an online degree). Online activities were
created for the purpose of causing a perturbation with practicing teachers’ beliefs about the way
they learn and teach mathematics. For the purpose of this study four activities were analyzed.
Using a case study design the following research questions were examined. First, how do online
courses that use core features of effective professional development cause perturbations in a
teacher’s thinking? Second, what conceptual change is evidenced in the knowledge and skills of
the teacher?

Theoretical Framework

Many teachers are not prepared to implement instructional strategies that are grounded in
high curriculum standards (Cohen, 1990; Elmore & Burney, 1996; Grant, Peterson, & Shojgreen-
Downer, 1996). The shift in emphasis on mathematical understanding (as compared to
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memorization facts) means that teachers must learn more about mathematics as well as how
students learn this mathematics. Within any profession (and teaching is not an exception) an
integral part is the continual deepening of knowledge and skills (National Board for Professional
Teaching Standards, 1989).

Garet, Porter, Desimone, Birman, & Yoon (2001) describe structural and core features of
effective professional development. Structural features focus on the types of activities (e.g.,
workshops, institutions, courses); duration; and collective participation. Core features are
focusing on content, promoting active learning, and fostering coherence. These two types of
features are based on evidence from research studies that examined professional development.

The inclusion of a focus on content in professional development activities is seen to vary
across four dimensions. These are the degree of emphasis on subject matter and teaching
methods, the specificity of change in teaching practice encouraged, the degree of emphasis on
goals for student learning, and the degree of emphasis on the ways students learn. Garet, et.al,
(2001) describes the second core feature of promoting active learning as one that “concerns the
opportunities provided by the professional development activity for teachers to become actively
engaged in meaningful discussion, planning, and practice” (p. 925). The third core feature of
fostering coherence is concerned with “the extent to which professional development activities
are perceived by teachers to be a part of a coherent program of teacher learning (p. 927).

Using these dimensions, 1027 mathematics and science teachers (representing a national
probability sample) were surveyed to determine the degree of influence each feature had on
teachers’ self-reported increases in knowledge and skills and the resulting changes in classroom
practice. Garet, et.al. (2001) found that all three of the core features identified had a positive
influence on teacher knowledge and skills.

Research Design

This case study is on one student, Andrew. The focus on one student, who has been part of
this online learning community for four semesters and is in his last semester, has allowed the
researchers to make assertions that are being used in the evaluation of the online program.
Course activities used as data sources represent the first three semesters of courses taken by
Andrew. The study was designed to enable the researchers to analyze the relationship between
core features of effective professional development (Garet, et al., 2001) and the changes evident
in Andrew’s knowledge, skills, and classroom teaching practices.

Data from course assignments, interviews, and discussion groups were used. The researchers
(who had been the instructors for the courses) initially identified three activities that would be
used as primary data sources. From interviews with Andrew, additional activities were identified
that the student felt had caused him a perturbation leading to significant change in his teaching
practices. Using the core features stated by Garet, et al. (2001), the activities and Andrew’s work
were analyzed to identify the extent to which they first corresponded to the core features and
second to how Andrew’s thinking and descriptions of teaching practices reflected a change.

Results

Andrew teaches ninth and tenth graders on the east coast of Florida. Beginning spring 2003
in the program, he graduates in summer 2004. Each semester Andrew enrolled in the courses
offered (usually six semester hours). He has indicated a high degree of satisfaction with the
online program thus far as evidenced by his comment in an interview in January 2004 (start of
his fourth semester in the program). “I am very pleased with the quality of the selection of the
courses. I have learned a tremendous amount about math education so far” and in a discussion
board forum setup to introduce yourself to the rest of the class he wrote “This is my 3rd semester
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in the online program and I absolutely love it! I am convinced that online learning is the best way
to go.” Course alignment by the program faculty has been purposeful. For example, Using
History in the Teaching of Mathematics and Number Systems are offered concurrently as are
Research Methods and Analysis of Student Learning. Similarly, the choice of assignments for
each course has been carefully considered usually by not only the instructor, but in collaboration
with other faculty and the course mentor. Andrew, in an introduction of himself to others in a
course, told his classmates that “The majority of my coursework has been professored by Dr.
Corey and I attribute a great deal of my learning to his careful selection of learning activities.
Every time I finished one of his courses I felt that my knowledge base had increased greatly.”
Thus, Andrew’s responses would indicate that the design and implementation of course offerings
respond to the goal of fostering coherence (Garet, et al, 2001) whereby a level of positive
effectiveness has been established.

A primary goal of the online program has been the fostering of teacher professional growth
for the practicing professional. This is grounded in the premise that “if we want schools to
produce more powerful learning on the part of students, we have to offer more powerful learning
opportunities to teachers” (Feiman-Nemser, 2001). Thus, the selections for course assignments,
discussion topics, and readings have been carefully done in order to support a coherent program
of teacher learning.

Recent research (e.g. Cohen & Hill, 1998) suggests that effective professional development
incorporates both a focus on content knowledge and an understanding of how students learn the
content (core feature of focusing on content). Through two complementary assignments in
courses teachers reflect on their own process of learning mathematics content (e.g., algebra,
geometry, number theory) and reading research articles on student learning in these areas. After
completing the Problem Solving course, Andrew indicated a change in his own practice by
incorporating more in his own class. Andrew wrote, “the Problem Solving course really changed
the course of direction I take in math instruction. I have used several problems in my classes.
Primarily, I learned that the student’s interest is most peaked when a concept is discovered and
taught THROUGH problem solving. Now, when planning, I always look for a problem to match
my topic of instruction.” This course also caused him to reconsider how mathematics is taught in
the classroom. In a final paper for the Problem Solving course he stated, “My view of problem
solving and its role in the mathematics classroom has certainly changed since beginning this
course. Learning to do math using the traditional drill/practice method is not learning to
understand. Instead, it is learning to repeat (such as on tests). Exercising problem solving
strategies teaches students how to think independently and at a higher level.”

The final core feature of effective professional development concerns the opportunities
provided for teachers to become actively involved. The online courses provided multiple venues
for engagement in meaningful discussions (e.g., group discussions on readings, debates),
reviewing student work, reading and writing, and planning classroom implementation. There is
evidence that course design was such that active engagement caused perturbations in the
teacher’s thinking whereby changes were made in teaching practices. For example, one
assignment in the School Mathematics Curriculum course was to debate an educational issue.
Students were assigned either pro or con, had to research their position, develop a 350 word
position statement, post it to the discussion board, and respond to other group members. Andrew
commented that:

The issue I was assigned to take was: High stakes testing is necessary for determining
yearly mathematical growth for students. Before the debate, I was opposed to high stakes
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testing. However, because of researching the issue and debating others, I actually
convinced myself that standardized testing, when used appropriately, are among the most
sound and objective knowledge and performance measures available. My point is that
debating educational issues can enlighten and open a participant’s mind to another
perspective (interview January 2004).
He still maintained that “traditional paper and pencil assessments do not necessarily prove a
student’s understanding of a math concept. Students typically learn and repeat an algorithm
without grasping the conceptual underpinnings and without making necessary connections...
Alternative assessment measures that can be used by teachers include nontraditional paper-and-
pencil tasks, use of open-ended questions, journals, portfolios, focused observation, diagnostic
interviews, and performance-based assessments. Most teachers typically use closed-ended
questions as means of assessing student performance on quizzes and tests. However, student
answers to open-ended alternative assessment questions are usually a better indicator of student
understanding about a math concept or skill.” However, the effect of considering alternative
views provoked Andrew to become more cognizant of testing results and the information that
could be obtained from student scores. He is now using analysis of student work to inform his
planning of instruction.

Changes in Andrew’s knowledge and skills are subtle but nonetheless evident. These are
more evident when he completed assignments that engaged him in doing mathematics and those
that required an examination of student learning. During the Problem Solving course he wrote
“Consequently, after carefully analyzing problems and the mathematics involved, the teacher
should enter each problem-solving lesson with a clear agenda for the student’s learning. The
teacher should create a detailed plan for guiding both the student’s thinking about the problems
and their reflections on the mathematical ideas that arise. The teacher should strive to balance
his role as someone who facilitates instead of dictates. He wants his students to discover
important concepts while guiding them to learn what he intends.” The learning experience he
had not only perturbed him but also provided examples of how mathematics might be taught that
he in turn used in his own teaching.

Conclusions

In conclusion, effective professional development can be obtained through meaningful
activities that are part of online courses. Through meaningful activities teachers were provided a
perturbation that, in this case, lead to change in views on teaching. While this may seem to be a
simplistic conclusion, the findings in this case study have lead one of the researchers to
reexamine the types of activities provided in face-to-face courses so that more students are
presented with perturbations that lead to change in teaching practices. Careful alignment of
courses and activities is a powerful way of offering a coherent program of professional
development that may lead to fostering teacher growth whereby instructional practices are
changed. Further, an inclusion of content knowledge that perturbs teacher learning coupled with
an examination of student learning of the content promotes teacher reflection with changes in
teaching practice. Finally, active learning among practicing teachers can be an integral
component of online courses in order to engage teachers in reading, discussing and writing on
important educational issues.

Core features of effective professional development are useful in analyzing how an online
degree could cause perturbations within teachers whereby meaningful changes in practices may
occur. A limitation of this study is the use of self-reported information as a data point in
triangulation. However, Andrew’s interactions with other classmates, primarily through
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discussion board assignments lead the researchers to accept his descriptions of how he has
changed as being reflective of his teaching practices.
References

Cohen, D.K. (1990). A revolution in one classroom: The case of Mrs. Oublier. Educational
Evaluation and Policy Analysis, 12(3), 311-329.

Cohen, D.K. & Hill, H.C. (1998). Instructional policy and classroom performance: The
mathematics reform in California (RR-39). Philadelphia: Consortium for Policy Research in
Education.

Elmore, E.F. & Burney, D. (1996, March). Staff development and instructional improvement:
Community district 2, New York City. Philadelphia: Consortium for Policy Research in
Education.

Feiman-Nemser, S. (2001). From preparation to practice: Designing a continuum to strengthen
and sustain teaching. Teachers College Record, 103 (6), 1013- 1055.

Garet, M.S., Porter, A.S., Desimone, L., Birman, B.F., & Yoon, K.S. (2001). What makes
professional development effective? Results from a national sample of teachers. American
Educational Research Journal,38 (4), 915-945.

Grant, S.G., Peterson, P.L., & Shojgreen-Downer, A. (1996). Learning to teach mathematics in
the context of systemic reform. American Educational Research Journal, 33(2), 502-541.
National Board for Professional Teaching Standards (1989). Toward high and rigorous

standards for the teaching profession. Washington, DC: Author.

Pajares, M. (1992). Teachers' beliefs and educational research: Cleaning up a messy construct.
Review of Educational Research, 62 (3), 307-332.

Posner, G. J., Strike, K. A., Hewson, P. W., & Gertzog, W. A. (1982) Accommodation of a
scientific conception: Toward a theory of conceptual change. Science Education, 66, 211-227

Shaw, K. L., Davis, N.T., Sidani-Tabbaa, A., & McCarty, B. J. (1990). 4 model of teacher
change. Paper presented at the annual meeting of the International Psychology of
Mathematics Education Conference, Oaxtepec, Mexico.

Shaw, K. L., and Jakubowski, E. H. (1991) "Teachers Changing for Changing Times." Focus on
Learning Problems in Mathematics 13, 13-20.

1077



1078
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Some of the findings of a qualitative study that took place in a new graduate course especially
designed for elementary teachers with math anxiety are presented. The course focused on
developing the teachers’ conceptual knowledge, mathematical thinking and problem solving
skills, while at the same time helping them reflect on their math experiences and deal with their
anxiety. Based on teachers’ written reflections and researcher notes as main data sources, the
paper describes the teachers’ experiences during the course, including their learning processes,
affective responses and changes in attitudes, self- perceptions and confidence.

Introduction and Related Research Literature

Nearly all adults and many children in our society have been taught math in a traditional
manner utilizing rote learning and memorization, which focused mainly on developing their
procedural knowledge but left many of them deficient in conceptual knowledge (Battista, 1994).
A low level of conceptual knowledge reduces mathematical power and increases anxiety. It is no
wonder then that math anxiety is so widespread in our society (Hembrees, 1990; Evans, 2000).

Math anxiety is commonly defined as a feeling of tension, fear and helplessness that
interferes with math performance. There is a rather extensive literature on math anxiety and its
educational and personal consequences (e.g. Hembree 1990; Ashcraft 2002; Tobias, 1993). Math
anxiety includes both emotional and cognitive components (Ho, 2000) where the cognitive
component consists of worry and other cognitive manifestations of anxiety. Highly math-anxious
individuals hold negative self perceptions about their math ability, espouse negative attitudes
toward math and tend to avoid math. They usually take fewer elective math courses in their
secondary and higher education which ultimately undercuts their math competence. As can be
expected, math anxiety has been shown to be inversely correlated with math achievement
(Hembree, 1990). Furthermore, psychological studies have shown that math anxiety can
seriously interfere with cognitive functioning during math activity by compromising ongoing
activity in working memory, the system for conscious, effortful mental processing which is
required for most math tasks. (Ashcraft, 2002).

Researchers have extended early work on math-related anxiety and attitudes to include the
broader perspective of the ’affective domain’ (or ’affect’) in math. The latter was initially
defined as consisting of three facets of affective states: emotional states, beliefs and attitudes
(McLeod, 1992; 1993). Later on values and morals were added as a fourth facet of affect
(deBellis & Goldin, 1997). Much of this research dealt with student affect during non-routine
mathematical problem solving (McLeod, 1992; 1993).

Math anxiety and negative attitudes toward math are also commonly found among pre-
service and in-service elementary teachers (Hembree, 1990; Bush, 1989; McCulloch Vinson,
2001)). Teachers with higher levels of math anxiety often lack mastery of fundamental math
concepts or problems solving skills (Cohen & Green, 2002). There have been some claims as
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well as limited evidence that math anxious teachers may unintentionally pass on their negative
feelings and attitudes to their students (Jackson & Leffingwell, 1999; Karp, 1991, Martinez,
1987). However, this claim has been debated by other researchers (e.g. Bush, 1989, Swetman,
1994).

Recent math reforms have added new dimensions to teachers’ math-related anxiety (Battista,
1994). A reform-based curriculum includes not only unfamiliar content, but also educational
philosophies and instructional approaches that teachers may have never been exposed to. It is
therefore of utmost importance that we learn more about math-anxious elementary teachers and
develop ways of helping them build a solid foundation in math and reduce their anxiety.

This paper reports findings from the second phase (Phase II) of an ongoing study of math-
anxious, elementary teachers. The study examines the effects of math anxiety on teachers and
their math teaching, and focuses on the development of a holistic approach to empowering math-
anxious teachers in rebuilding their math knowledge and reducing their anxieties. Phase I of the
study involved a group of twelve elementary teachers who participated in a series of eight Math
Empowerment Workshops (Cohen & Green, 2002).

Data collection for the current study (Phase II) took place in a new graduate course for math-
anxious teachers. The course provided a learning environment where teachers with math anxiety
could build conceptual knowledge, develop their mathematical thinking, gain confidence and
deal with their anxiety. The one term course utilized a holistic approach combining group
problem solving and hands-on math explorations with group reflections, journal writing and
guided visualization activities. This paper provides an overview of the course and then describes
participant experiences, focusing on their learning processes, affective responses and change
processes that course members went through as they advanced through the course.

Methodology

The study was a qualitative, action research-like study (McKiernan, 1991) in which the first
author acted as a course instructor/researcher, with the second author as her teaching/research
assistant in this new graduate course. The course, titled: Gaining Confidence In Mathematics: A
Holistic Approach to Overcoming Mathematics Anxiety, included eleven classes during a six-
week summer (July-August) term. Each class was three to three-and-a-half hours long. The class
included eighteen members in total, thirteen of whom were in-service teachers. Four were pre-
service teachers in a two-year master’s program and one was a college math instructor. All but
three of the course members had varying degrees of math anxiety. The three who were not math
anxious and had enrolled in the course out of research interest, acted as "coaches" (or mentors)
for their math anxious classmates during math work, as did the course facilitators.

Participants

The study focused on nine female course members who identified themselves as highly math
anxious at the beginning of the course. However, the citations in this paper are only based on
data from five of these teachers. One of them was a pre-service teacher and the other four were
practicing teachers with a range of prior teaching experience.

Course Structure and Activities

The course was taught using reform-based principles. A highly supportive and ’safe’ learning
environment was created where the math-anxious teachers were more likely to take risks. The
math component of the course consisted of hands-on explorations, mental math and problem
solving, oral and written communication activities, math games and class discussions. Math
work was done in groups of 2-4, where group members were instructed to first attempt the
activity on their own, and only then share with their group members. The content covered
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included whole numbers and rational numbers in their various forms and representations. The
confidence building component included journal writing, group reflection, two guided
visualizations, strategies for dealing with anxiety and inner criticism, and discussions on various
affective issues.

One of the course assignments consisted of keeping a learning journal documenting personal
learning experiences, insights and reactions to readings assigned. Most journal entries were
initiated by the participants and written at home, while others were based on probes offered in
class, or consisted of responses to assigned readings. The instructor responded to each individual
journal entry, offering feedback, praise and encouragement as appropriate. There were also four
weekly math homework assignments including a few non-standard math problems each. Course
members were also required to write a final reflection paper. Course members’ in-class math
work and weekly math assignments were never evaluated in this course. Participants got credit
for their math work based only on their efforts, willingness to ask for help and perseverance.

Findings reported here are based on only on participants’ journal entries written in class or at
home, participants’ final reflection papers and final questionnaires, and researcher field notes.

Findings

This section describes participants’ experiences, learning processes, affective responses and
change processes as they moved through the course. The main focus is on how teachers’ math
knowledge, emotions, behaviour, self perceptions and beliefs in relation to math evolved during
the course. We will make use of some of the terms defined in Hannula’s theoretical framework
as described in the section on theoretical frameworks above.

Teachers’ Initial Anxiety and Expectations

When course participants gathered for the first class, a number of them seemed nervous as
they hesitantly sat down in their chairs, as if ready to get up and leave at any moment. At the end
of the class, the teachers were asked to write their first journal entry describing how they felt
about taking this course. Many of them wrote about their initial expectations, worries and doubts;
for example: “Since I can remember, I have been extremely anxious about Math. I can recall
night after night of crying over math homework, upcoming math exams and math teachers.
When I saw the course in the course calendar, I breathed a sigh of relief to know that some help
was available...”. But once she signed up, “I had my doubts, worrying that this course would
turn out to be like every other math experience I have had in the past”.

Another teacher explained: "I was interested in taking a course that would help me overcome
my own intense math anxiety, but I was afraid that I would be expected to actually 'do' math."
Like many of her classmates, she was afraid of doing math in class so everybody would see how
‘stupid’ she was. After learning that math work would indeed be required, she "..felt like a deer
who had wandered unknowingly into a trap. I was here to work on my math anxiety not to learn
math, I had already enough difficulty with that the first time around". Yet she decided to stay in
the course for at least the first two weeks and give it a try, and proceeded to become one of the
most successful math learners in the course.

Another participant wrote: "I came to class today highly anxious about the difficulty level of
this course and also about the competence of other students in the class”. However, once she
learned more about the course and her classmates, her anxiety subsided:

“T feel relieved that most people in this class are as anxious as me... I was so happy to see
that my mathematical abilities will not be assessed in this class. I think that this aspect will
greatly increase my willingness to try, at least. I also feel proud of myself that I came to
class despite my instincts telling me to run. It sounds silly but I perceive this as any other
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self-help class — that the first step to getting help is showing up”.

The above citations exemplify the various affective responses that arose during the first class.
Some of the teachers’ negative emotional reactions, as well as their worries and negative
expectations, were a direct result of their prior conditioning during their school years which
caused their math anxiety in the first place. However, they were much relieved to find
themselves among like-minded classmates. When discussing their goals in taking the course, all
math-anxious teachers stated that they wanted to overcome their anxiety and improve their math
knowledge and attitudes in order to become better math teachers.

Teachers’ Learning, Affective Responses and Change Processes During the Course

In this section we discuss and demonstrate through examples some of the teachers’ learning
processes, insights, affective responses and changes in self perceptions, beliefs and expectations
that occurred as the course progressed.

Conceptual Knowledge Building and Mental Math

As mentioned above, in this course emphasis was placed on the building of conceptual
knowledge, while procedural knowledge was deliberately played down. Group mental math,
problem solving and work with manipulatives were the main tools used to facilitate teachers’
construction of conceptual knowledge. Mental math sessions accompanied the study of most
course topics. During these sessions, teachers were asked to first try to solve each problem on
their own, without utilizing any standard algorithms or memorized procedures. They were to
come up with their own ways of solving each problem, relying only on their conceptual
knowledge, common sense, or on strategies they or their classmates had previously invented.
Group sharing of strategies then followed.

The first few mental math sessions were quite stressful for many who were unable to solve
the problems without the standard algorithms. One teacher wrote: “The mental math that we did
during this course was probably the part that gave me the most anxiety.” She linked her anxiety
to “very bad memories” from her childhood when she was forced to play competitive games
based on the speed of her recall of math facts. This time around, though, she found a lot of
support doing the mental math. She writes: “The best thing about the mental math that we did
was hearing the holistic strategies that other people used — I was very surprised to learn how
many different ways there are to tackle a question (not even including the algorithmic way!). She
then referred to one of the course readings (Mcleod, 1993) which discussed group problem
solving strategies for increasing confidence, and added: “There were many times when I was
presented with a question that I knew I could never solve in my head! But I used strategies as
suggested by McLeod, and I was able to solve things without paper and pencil, something I
never thought I would be able to do!” The use of group mental math in this way unlocked the
door to the teachers’ own mathematical thinking and creativity as they finally started inventing
their own strategies.

Reconnecting the “Fractured Schemas”

One of the most influential readings in the course was Richard Skemp’s Schematic Learning,
one of the earliest articles on constructivism in math (Skemp, 1972). Skemp defines schematic
learning as learning which uses existing knowledge schemas as tools for the acquisition of new
knowledge. Utilizing Piaget’s terminology, he explains how newly constructed schemas are
connected to existing schemas through the processes of assimilation or accommodation. Upon
reflecting on this article, one of the teachers noted in her reflections that “If students have gaps in
their knowledge or are unable to connect their schemas, then learning difficulties arise.” She then
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went on to discuss possible reasons for such knowledge gaps and what teachers can do to help
students fill in the gaps. She then proceeded to discuss her own learning:
“I am pleased that the holistic techniques used in this course helped me unlearn concepts
that I found confusing, and reconnected my fractured schemas [emphasis added]. I was
supported by working in groups, and because I had manipulatives which helped me see the
relationships between concepts.”

Skemp’s article has provided this teacher and her classmates with a deeper understanding of

the process of knowledge construction they were going through in this course.
Affective Responses During Problem Solving

The teachers experienced various affective responses during problem solving, similar to
those reported in the literature (McLeod, 1992; 1993). They often experienced changes in mood
based on their experiences, as seen in the following example from one teacher’s journal after the
third class:

“Today was a very interesting class for us because I had a breakthrough concerning my
math anxiety, as [ worked through the fractions problems that were provided. ... I found
myself becoming more confident as I realized that I could do a lot of the problems listed!
In some ways I became almost cocky because I was so surprised that I could do the
work...

This was indeed a great breakthrough for her. However, a little later when she encountered a
more difficult problem, she could not understand what the problem was asking her to do. So
“Immediately my confidence became anxiety, I became confused and all of a sudden I felt too
tired to do any more work, or try to figure out this question.” She then sat back and waited until
her group members solved the question and explained it to her. However, she could not
understand their explanation. When the course instructor came over to offer help, she was unable
to understand her explanation either.

The above example is interesting because of the sudden change from feeling confident and
becoming “almost cocky” to a state of anxiety and helplessness. Indeed anybody encountering
difficulty in understanding a math problem may experience some frustration and a drop in
confidence. However, this teacher’s inability to benefit from other people’s help indicates that
she probably over-reacted to the situation and got into a state of debilitating anxiety. About three
weeks later she described a similar situation in her journal: “...The anxiety I feel clouds my
mind and I am usually unable to figure out what I have to do to solve the problem”. The ‘cloudy
mind’ she described here and in the above example was probably caused by a serious
interference with her mental functioning caused by her anxiety, as described by Ashcraft (2002).
Learning to Ask for Help

As the teachers reflected on their experiences during math work they often discovered their
own limiting beliefs and behaviours which originated from their prior conditioning. We now
present a follow up to the example of the last section. The same teacher who was unable to
understand the explanations given by her peers and the instructor, later in the same class had an
important realization. It all started when the instructor “said something that made me think. She
stated I shouldn’t be afraid to keep asking for explanation until I understood it.” She then started
reflecting on this statement. Her first thought was: “there is no way I am going to keep asking
until I understand people will think I am stupid! I was usually willing to ask once and even if I
didn’t understand I would simply nod and act as if I did... “. She then realized that her fear of
feeling stupid was linked back to her own schooling “where asking even one question, or
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admitting confusion could lead to ridicule from the teacher.” She also realized how quickly “any
confusion or inability to answer a math question can send me from confident to anxious. ....”.

Following these realizations, this teacher subsequently started “allowing myself to rely on
others, without feeling stupid or ashamed, for assistance when I was unable to understand, or
complete, math related work...”. She no longer was afraid to ask for help.

Changes in Teachers’ Attitudes, Self Perceptions and Confidence Level

As the course progressed, the teachers started feeling more empowered and resourceful when
solving math problems. The teacher described in the last two sub-sections finally learned how to
stay “clear headed” during problem solving. In the fourth week she wrote: “When I received this
assignment [ was able to calmly read it over and try to figure out exactly what I had to do to
solve the problem. I think I am able to look at math problems more calmly and not immediately
assume that I will not be able to solve them.” Apparently she has been successful in overcoming
the negative effects of her prior conditioning which used to “cloud her mind” by staying “clear
headed”. Her beliefs about her ability to solve math problems have also changed.

Another highly math anxious teacher became empowered in a different way. On the fourth
week she wrote: “I was also afraid to take risks, something I am working on in this class, by
answering questions and trying new methods.” Indeed she started volunteering to explain her
mental math strategies to the class, something she would have never considered previously.

Four weeks into the course another teacher wrote: “When I began this course, my math
anxiety was so high that I literally felt sick when thinking about math related things...” She then
proceeded to describe the amazing changes she was going through: “I can’t believe the
transformation that has already occurred in my mind throughout the last few weeks. I’'m so
excited about math these days that I keep asking Tom (my fiancé) to ask me math questions! I
just can’t believe that I can figure out how to do percentages and decimals! Even writing this,
I’m emotional (a bit teary) because I can’t believe that at 28 years old, I finally get it!”” In her
final reflection, she writes: “I think the most revealing part of this experience has been the
realization that I have always had mathematical abilities but I just didn’t recognize them as such.
I always thought that my mathematical reasoning was a way of avoiding the “right way” to do it.
I think that the biggest part of this experience has been figuring out different ways of calculating
mathematical answers that are more conducive to my way of thinking”. She then proceeded to
discuss her plans for taking more math courses in the near future.

Another teacher wrote: “I started to find the problem solving fun; that’s how I know that I am
ready to get back onto the journey of learning to enjoy math again. Armed with holistic strategies
to approach problems logically, I feel ready to put away my calculator, and start challenging
myself in ways that I wouldn’t have dreamed of a few months ago.” However, like many of her
classmates, she admitted that she still had a long way to go on her math learning journey.

Conclusion

As shown in the examples above, the teachers went through significant positive changes in
their math related affect during the course. Referring to the three components of affect as defined
by McLeod (1992, 1993), we now briefly examine the changes in the teachers’ emotions,
attitudes and beliefs in relation to math. The teachers started to feel more confident in math
situations. By being exposed to assigned readings such as Ashcraft’s (2002) article, they gained a
better understanding of how their anxiety interfered with their mental functioning during math
activities, which in turn helped them learn how to stay focussed and relaxed while solving
problems. While their math anxiety was significantly reduced, they had still not fully overcome
it, as one teacher wrote in her final questionnaire: “I am still anxious with certain types of
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problems or math concepts, however, it doesn’t prevent me from attempting math questions.”

The teachers’ attitudes toward math have also greatly improved, as can be seen from the citations

above. Having been exposed to reform-based teaching that emphasized conceptual understanding

and mathematical thinking, the teachers’ beliefs about and conceptions of math have also
significantly changed. But probably the deepest change was witnessed in the teachers’ self
perceptions. As one of them wrote: “In just six weeks, my perception of my math skills has
changed from me as a dud to me as a mathematician.” While not all of them perceived
themselves as mathematicians, they did perceive themselves as capable math learners and
problem solvers.
Endnote

This research was supported by a grant from the Imperial Oil Centre for Studies in Science,
Mathematics and Technology Education, The Ontario Institute for Studies in Education of the
University of Toronto (OISE/UT).
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IMPACT OF ALTERNATIVELY PREPARED TEACHERS IN URBAN
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This study utilizes storytelling to analyze the impact of alternatively prepared secondary
mathematics teachers in urban classrooms. The critical shortages of mathematics teachers in
our nation’s classrooms have prompted a move toward non-traditional pathways to teacher
certification whereby fully certified teachers can enter the classroom with less time in teacher
education programs. As such, a debate has emerged over what determines quality teachers for
our nation’s students. For many colleges of education, an ongoing challenge is: can we prepare
high quality teachers through non-traditional pathways—especially for urban classrooms? This
study investigates the connections and disconnects between the realities of urban mathematics
classrooms and an alternative preparation program for secondary mathematics teachers.

Introduction

Coupled with the influx of alternatively prepared teachers into our nation’s classrooms for
grades kindergarten through twelve is the issue of teacher quality. As we explore and define
teacher quality with respect to urban school environments, we are faced with the fact that a high
percentage of alternatively certified teachers are teaching in urban settings (Wilson, Floden &
Ferrini-Mundy, 2001). The impact of these teachers on the education of students in urban
schools is of concern at both the local and national levels (Ingersoll, 2001). Therefore, there is a
need to understand how these teachers’ experiences in the alternative teacher preparation
program prepare them for urban classrooms and to understand the impact of these teachers on
student achievement. This study examines alternatively prepared teachers’ perceptions of their
impact on urban student achievement in secondary mathematics.

With respect to the alternative certification program, we were aware of the reputation of our
program and were knowledgeable of our graduates who had become leaders in their schools and
school districts. However, we had not, at that point, conducted the research to determine the
program’s strengths and weaknesses in producing high quality mathematics teachers who
remained in teaching and continued to grow professionally. In particular, we did not have the
research-based data to determine how well prepared the graduates were for urban schools, and
the impact they have on students and student achievement. For that reason, we have taken the
challenge to investigate the perceptions of teachers who graduated from an alternative teacher
preparation program and are serving urban mathematics classrooms. Specifically, the purpose of
the study was to understand teachers’ perceptions of their experiences that depicts the
connections and disconnects of an alternative teacher preparation program and the realities of
their urban mathematics classrooms, and the characteristics of a highly qualified mathematics
teacher. The study seeks to reveal the meaning and essence of the human experience through the
lens of two high school mathematics teachers. The following research questions served the
purpose of this study:

What are alternatively prepared high school mathematics teachers’ perceptions of the
connections and disconnects of their program experiences and the reality of the urban
classrooms?

In the alternatively prepared mathematics teachers’ opinions, what are the characteristics of
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a highly qualified mathematics teacher?
The Alternative Teacher Preparation Program

This nontraditional approach to certification in secondary mathematics has been in existence
for the past ten years at our university. Applicants to the program must hold at least an
undergraduate degree in an area that includes a background in mathematics. Usually students
entering this program hold a bachelor’s degree in applied mathematics, science, engineering or
an equivalent field. The program of study is 45 semester hours with 15 hours in graduate
mathematics, 12 hours in mathematics education and 18 hours across Instructional Technology,
Educational Psychology, Research and Measurement and Social Foundations.

This program is built upon the ten principles of the Interstate New Teacher Assessment and
Support Consortium (INTASC), standards of the National Council of Teachers of Mathematics
(NCTM), and the National Educational Technology Standards (NETS). The design of the
program is based on constructivism (von Glaserfeld, 1995) and the work of Shulman on the
Stanford Knowledge Growth in Teaching Project (Shulman, 1986). The environment is
interactive, reflective, and based on inquiry. Shulman (1986) suggested that the transformation of
subject matter for teaching occurs as the teacher critically reflects on and interprets the subject
matter; finds multiple ways to represent the ideas; adapts the material to students’ abilities,
gender, and prior knowledge; and failors the material so that students can be successful.

Through collaborative groups and reflective activities, students experience mathematics
pedagogy and instructional planning through microteaching experiences under the guidance of
university professors and participate in school-based internships under the guidance of middle
and secondary school mentor teachers. Based on the required content background, the admission
procedures, the strong integration of technology, the program of study with respect to course
content and experiences and alignment with standards, the program is aligned with the six
dimensions for high quality teacher preparation programs set forth by the National Commission
on Teaching and America’s Future (2003). These six dimensions are: (1) careful recruitment and
selection of teacher candidates; (2) strong academic preparation for teaching, including deep
knowledge of the subjects to be taught, and a firm understanding of how children learn; (3)
extensive clinical practice to develop effective teaching skills, including an ability to teach
specific content effectively, at specific grade levels, to diverse students; (4) entry level teaching
support through residencies and mentored induction; (5) modern learning technologies that are
embedded in academic preparation, clinical practice, induction, and ongoing professional
development; and (6) assessment of teacher preparation program effectiveness. With respect to
the sixth critical dimension, ongoing research studies are in progress including this current study.

Since the inception of this program, over 200 graduates have taken jobs in suburban and
urban school districts. The program has earned respect among the school districts as a program
that produces high-quality teachers. This honor is based in the exemplary teaching practices of
the graduates having the support of an induction program that follows them through the first
three years of teaching. They have earned the reputation of being well prepared educators who
remain in teaching, continue to grow professionally, and become instructional leaders in their
schools.

Conceptual Framework

The phenomenon under study is the teachers’ perceptions of a relationship between their
alternative preparation and their teaching in the urban environment. Specifically, we aim to
identify and describe the subjective experiences of the graduates of the alternative teacher
preparation program. Phenomenology as a research design was chosen to study the deep human
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experiences in the alternative teacher preparation program and the urban classrooms (Schwandt,
2001; Blodgett-McDeavitt, 1997; Husserl, 1970). This design provided the flexibility to take the
rich descriptions of the teachers’ experiences and reduced them to underlying common themes
that resulted in short focused descriptions in which every word accurately depicts the
phenomenon under investigation (Blodgett-McDeavitt, 1997; Moustakas, 1994). Through a
research process in phenomenology, known as epoche, it was recommended that researchers set
aside their taken-for-granted orientation to the phenomenon under investigation (Holstein &
Gubrium in Denzin & Lincoln, 1994). Researchers must be aware of and engaged to
minimize/remove any prejudices, viewpoints or assumptions regarding the phenomenon under
investigation (Merriam, 1998). Then, they are able to see data from new, naive perspective from
which fuller, richer, and more authentic descriptions can be rendered (Blodgett-McDeavitt,
1997).

Phenomenologists focus on how we put the phenomena we experience in such a way as to
make sense of the world and, in so doing, develop a worldview. There is no separate (or
objective) reality for people. There is only what they know their experience is and means. The
subjective experience incorporates the objective thing and becomes a person’s reality, thus the
focus is on meaning making as the essence of human experience. (Patton, 2002, p.106)

Methodology

In a phenomenological study, “the investigator writes research questions that explore the
meaning of that experience for individuals and asks individuals to describe their everyday lived
experiences” (Creswell, 1998, p.54). Additionally, data are collected from individuals who have
experienced the phenomenon under investigation. Data for this study were collected through an
interview process known as storytelling. Stories are defined as socially constructed accounts of
past events that are important to members of an organization (Hansen & Kahnweller, 1993).
These accounts are seldom factual, however, they reflect what people believe should be true.
They differ from gossip because they have a moral. Stories permit researchers to examine
perceptions that are often filtered, denied, or not in subjects’ consciousness during traditional
interviews. “Stories happen naturally as a way of telling one’s perceptions of past events,
problems, or people ... They are easy to follow, generally entertaining and are more likely to be
remembered than other forms of written or oral communications” (Hansen & Kahnweiler, 1993).

A storytelling approach was employed in the interviews to capture the perceptions of the
teachers’ experiences. This approach allowed them to convey their understanding of their
relationships between their alternative preparation and their teaching in the urban environment
(Eisner, 1998; Mertens, 1998). A storytelling script was used as an interview guide. Utilization
of storytelling allows a unique aspect of analysis with respect to story components. Stories can
have main characters, motivating difficulties, heroes, villains, turning points, and morals. After
the teachers told their stories, the following questions were asked: (1) Who is the main character
in your story? (2) What is the motivating difficulty? (3) Who or what is the hero(s) in your story?

(4) Who or what is the villain in your story? (5) What is the turning point in your story? (6)
What is the story’s moral? (7) Is there anything else you would like to add?

The participants were two high school mathematics teachers who were graduates of the
alternative teacher preparation program. The participants taught within the same school district
but at different high schools. Both teachers participating in the study are female. We gave them
the pseudonyms Michelle and Noreen. Michelle is an African American teacher who taught two
years on a provisional licensure prior to becoming a TEEMS student. While in the TEEMS
program Michelle continued to teach full-time. She completed the TEEMS program in 2003 and
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has worked one year on a full certification with a Master’s Degree. The school demographics for
Michelle are 99% African-American and 1% other. During 2003, Michelle taught Algebra II
regular and honors classes. Average class size was 20 students.

Noreen is a Caucasian teacher who completed the program in the year 2000 and is in her
fourth year teaching since she completed the program. While in the program, Noreen was a full
time student. Noreen has taught in the same school since completing the program. The
demographics of Noreen’s school was 70% African-American, 28% Caucasian and 2% other.
Noreen taught Geometry honors, Geometry regular, and Advanced Placement Economics.
Average class size was 22 students.

We informed the teachers that the goals of this study were to understand alternatively
prepared high school mathematics teachers’ perceptions of: (1) the connections and disconnects
of their program experiences with respect to the reality of their urban mathematics classrooms,
and (2) the characteristics of highly qualified mathematics teachers. The teachers were asked to
tell a story about mathematics teaching and learning, and informed the story should include their
ideas about their impact on their students’ achievement. This story could be about any event that
occurred within the last six months. It could be simply relating an incident that was interesting.
The story should have a hero, a villain, a turning point, a moral, and anything else the teachers
may want to add.

The research process, known as epoche, was maintained in the study (Holstein & Gubrium in
Denzin & Lincoln, 1994). We bracketed the transcribed teachers’ stories. Through this process
we were able to dissect the stories in searching for essential structures. Data was extracted from
each teacher’s story about her experiences in the alternative teacher preparation program and the
realities of their urban classrooms. Experiences that highlighted the content, pedagogy,
professional preparation and the clinical practices were the themes used to demonstrate the
connections and disconnects between the program and urban classrooms. The characteristics of a
high quality mathematics teacher were also extracted from their stories.

Findings

Phenomenological analysis led to rich descriptions of the teachers’ experiences that we were
able to reduced to underlying common themes. In each of the stories we found evidence of the
teachers’ views on classroom culture, management of students, teaching content, cognitive
aspects of student learning, and affective aspects of student learning. Below we first provide a
brief description of the essence of each teacher’s story followed by excerpts from the stories with
respect to each common theme.

Michelle — African-American teacher

Michelle’s story focused on a young man in her regular Algebra II class who was having
problems in school. His problems were directly related to verbal abuse and ridicule from his
peers. Michelle tells a story that describes how the student was able to overcome his problem
through mathematics and with caring and concerned teachers.

Culture of the Classroom

The student, who is the main character of her story, was often teased by his peers. The
student’s attitude in class caused him to be labeled as a troublemaker who had lots of problems
with many of his teachers and peers. Michelle described Ricky as the motivating difficulty in her
story. “He was very smart, but would not succeed in class because of his attitude, personality and
the way he was interacting with other people in the classroom.”
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Classroom Management

Michelle decided to challenge Ricky’s mathematical ability while simultaneously using
mathematics as a way to have a positive impact on his behavior. She placed Ricky in honors
Algebra II. Prior to placing Ricky in the honor’s class, Michelle viewed Ricky as not a sociable
person, but a very intelligent student. During this time, Ricky’s conflicts in class were severe
enough that he was referred to the Individual Education Program (IEP) for behavior disorders.
However, with the support and encouragement of Michelle, Ricky was mainstreamed into the
honors class as opposed to being placed in a self-contained classroom environment. Michelle
stated that the turning point in her story came when Ricky began to like the benefits of the
honors class. He liked the people to think that he was smart; he liked being in a class thinking
that of him-- number one ranked. He liked the feeling of being sharp, when he got feedback like
“Wow! Ricky, Ricky you are going to do this?”

Content Focus

Michelle identified ways in which she could use the teaching of the content to engage a
student in doing mathematics. An interesting point in this story is that mathematics was used to
turn a student’s behavior around. This is an uncommon approach with respect to mathematics
teaching and learning--especially when the student is in an urban school and is on the verge of
being placed on an IEP. Michelle recognized the student’s ability to do mathematics as well as
his capacity to pursue and advanced level of mathematics.

Michelle stated, “... Amazingly, because it became a way of life, he did not act so badly in
class, he listened to what the teacher had to say, he respected the decisions that she made as far
as his education. He tried his best to be the top in that class and he started to get along with
people in that classroom, so as far as math social skills he was doing really well, to the point
where his math teacher could go to other classes and get him to calm down in those classes.” The
content focus was strategically used to raise the cognitive level of learning, which had a positive
effect on the student’s self-esteem and behavior.

Cognitive Aspect of Learning

When focusing on student learning, Michelle stated, “... he is not the type of person he
thought he was. He was better than what he thought he was. He also liked the acclaimed ‘he got
it!” He was honored at school assembly and the fact that people knew he was smart in math. The
other students in the class also made him feel that way when they would question, ‘What else is
he smart in’, ‘what else can he do?’, ‘What else is he good at, that he’s hiding”’ Those are the
things worth it for him.”

Affective Aspect of Learning

Michelle’s story includes an overwhelming focus on the affective dimension of learning. She
described the student’s attitude and personality as impediments in his learning. Michelle
described the villain in the story as;”whatever caused Ricky to just feel that way.” Michelle
emphasized Ricky’s change in behavior after being placed in the honors class, “amazingly it
became a way of life, he did not act so badly in class, he listened to what the teacher had to say,
he respected the decisions that she made as far as his education.”

Noreen -Caucasian teacher

Noreen told a story about her regular geometry class. This was a class in which Noreen had
many challenges during the school year. Noreen’s description of the class was, “I think these
kids have a lot of issues and are used to being yelled at a lot and there is not a lot of positive
feedback. Their educational experience is not very positive. Some of them are in geometry
again!”
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Culture of the Classroom

This class was the main character of Noreen’s story. Noreen stated that absence was rampant
in this class. She emphasized that this class was one of the hardest things she had to deal with. In
the description of the class, Noreen spoke of the students’ negative attitude towards mathematics.
“The students thought that mathematics was torturous”. In her story, Noreen described how she
worked diligently to develop an environment of trust among the students.

Classroom Management

When it came to managing this class, Noreen pointed out, “I got the yelling phase out of the
way early, because the yelling didn’t work for me and it wouldn’t work for these kids. They are
yelled at all the time, so yelling is like music to their ears, it does nothing and you wouldn’t get
their desired response.”

Content Focus

When speaking of the content, Noreen spoke of specific topics in geometry. She focused on
the teaching of transformations, triangles, quadrilaterals and circles. “So first semester we spent
our journey to get through the basic geometry terms and we had logics, I laugh every time we did
some logics because they don’t really think that way. So we did logics and then we did triangles
which are a huge, huge, a huge part of geometry tons of stuff that go on with triangles, there is so
much stuff and it is, there is so many fascinating things to do with it that I could have done with
them if I had the time.”

Cognitive Aspect of Learning

Noreen described these students as hands-on visual learners, initially not logical in their way
of thinking, and lacking in ability to apply abstract thought. Noreen was aware that these
students needed to be taught in ways that would actively engage them but was not confident that
she was effective in this type of teaching. “And I think there are some tasks and there is
information out there that I am not using that I should do more hands-on with these guys
because... But there are so many neat things that geometry lends itself to; I would say that of
algebra but especially geometry so many visual things and these kids are very hands-on visuals
all that kind of stuff that we could have done had I had more time.”

Affective Aspect of Learning

Noreen focused on several aspect of the affective domain in her story. She was concerned
about establishing a classroom climate of trust and impacting students’ disposition toward
mathematics. She was aware of the negative experiences these students had with mathematics
and was determined make a difference in the students’ dispositions toward mathematics. Noreen
concluded her story with, “...our final journey was a project, I had done this before, was a
project on models, scale models and we used surface areas and volumes to build our castles.
They had to use solids, prisms and that kind of thing and I had an accident and so I was out of
school for three days and that’s when the projects were due. And I came back in my room and it
was like Christmas, it was beautiful. I had castles all over my room and it was wonderful it was
really neat and these kids, I also feel like I taught their class like I taught the honors class, so
there were some things I changed.”

Results

After telling their stories, the teachers were asked reflective questions that facilitated analysis
of the stories. The teachers were asked to point out connections and disconnects between their
classrooms and the alternative certification program based upon the story they told. Next the
teachers were asked to define the characteristics of a high quality mathematics teacher based
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upon their stories. Through our analysis of the stories and the teachers’ responses to the
reflection questions, we addressed the research questions:
What are alternatively prepared high school mathematics teachers’ perceptions of the
connections and disconnects of their program experiences and the reality of the urban
classrooms?
In the alternatively prepared mathematics teachers’ opinions, what are the characteristics of
a highly qualified mathematics teacher?

The teachers’ stories provided a repertoire of their perceptions of their teaching practices. In
our analysis of the teachers’ stories we found common experiences in the alternative preparation
program that the teachers cited as crucial in sustaining them in the classroom. Common themes
included: (1) teaching mathematics via a hands-on approach with secondary students, (2)
knowing how to integrate technology in ways that engaged students in thinking about
mathematics, (3) using a project-based approach to engage students in learning, (4) possessing
the skills to plan lessons that include probing questions and (5) going into the classroom as a new
teacher with field experiences that allowed them to grasp ways in which to manage students,
time and materials.

In their stories on the characteristics of high quality teachers, the teachers repeated many of
the common themes stated above. However, it was found that the teachers mostly focused on
students in this part of their stories. The teachers’ main focus was on their abilities to impact
student achievement as an indicator of teacher quality. Additionally, we found they made
connections between students’ mathematical dispositions and teacher quality. An interesting
finding was that both teachers connected student engagement and student love for mathematics
to teacher quality.

When asked to tell their stories about least useful components of the program in their
teaching, the teachers pointed out that certain qualities needed for effective teaching could only
be developed with experience in teaching overtime. For example, Noreen emphasized the only
way one comes to learn to manage records for 150 students is by doing. Michelle pointed out that
the technology used at the university is not available in her school and she cannot teach
mathematics as technologically rich as she learned in her program.

Given the impact that alternatively prepared teachers will have on the mathematics
achievement of urban students, this study is extremely important for mathematics teacher
educators and school districts. Further, this study makes contributions with respect to preparing
and sustaining high-quality mathematics teachers in urban schools.
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TEACHERS GUIDING INQUIRY/ARGUMENT CULTURES: TWO CONTRASTING
ORIENTATIONS

Susan D. Nickerson
San Diego State University
snickers@sunstroke.sdsu.edu

A three-year longitudinal study of elementary mathematics teachers had as its focus describing
trajectories of teacher change. In particular, the focus of this paper is on two case study teachers
who over time changed to successfully support classroom social interaction that would be
described as inquiry/argument discussion contexts (Wood & McNeal, 2003). In the analysis, we
identified two distinct trajectories of teacher change that we attribute to two different
orientations for mathematics teaching—one of ‘scaffolding students’ and one of ‘scaffolding
mathematics’. An awareness of the trajectories of teacher change can inform professional
development efforts.

Reform documents describe mathematics classrooms in which students develop deep
understanding of mathematics content and in which the teacher supports student learning rather
than acting as a dispenser of knowledge (NCTM, 1991; 2000). This vision of effective
mathematical teaching demands that teachers have a deep understanding of mathematics content
and knowledge of how this understanding might develop in order to guide students toward
learning goals. Likewise, in order to support practicing teachers’ continued learning, teacher
educators need to understand the challenges and complexities of learning to teach in a reform-
minded way, what the teachers learn from professional development efforts, and how they learn
it (Putnam & Borko, 2000; Franke, Carpenter, Fennema, Ansell, & Behrend, 1998; Jaworski,
1998).

Successful future work of teacher educators will rely on the generation of research regarding
the process of change for teachers. Analysis of the process of teacher change can help
researchers develop theoretical trajectories of teacher change. These trajectories of change can be
useful in identifying sites for teacher intervention so that we may identify what kinds of support
we can provide teachers (Simon, 1997).

In our research, we analyzed six case studies of teachers’ changing instructional practice to
describe trajectories of teacher change. Closer analysis revealed that differences existed among
reform classrooms in the teachers’ proactive instructional decisions and their trajectories of
change. I discuss two teachers who were successful at supporting a classroom culture with
increased student responsibility for thinking and increased student responsibility for
participation. The teachers provide an example of one of the differences evident in teachers’
trajectories of change. It is challenging for teachers to develop instructional practice and the
change often spans years (Fennema & Nelson, 1997). An understanding of these differences can
help teacher educators support teacher development.

Theoretical Perspective

Our approach to analyzing instructional practice and changes in instructional practice reflects
a view that teaching encompasses knowledge of content and students, but also involves
supporting social interaction. Our analysis of the case studies focused on the proactive nature of
a teacher’s role in guiding inquiry in mathematics classrooms. We acknowledge the critical
nature of the teachers’ role in managing student learning, orchestrating discourse, and in the
negotiation of the classroom norms (Simmt, Calvert, & Towers, 2002). Wood & McNeal’s
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(2003) framework describes three distinct social interactions or discussion contexts:
Conventional, Strategy Reporting, and Inquiry/Argument. In a conventional classroom culture,
discussions are characterized by a lack of demand for student responsibility for thinking and
participation. Students recall correct answers and prescribed procedures; teachers evaluate
answers offered by the students. In contrast, the norms in an Inquiry/Argument discussion
context are that students justify answers and ask for clarification if they don’t understand
something; teachers ask for justification, challenge students, and ask questions to probe students’
thinking. Wood & McNeal’s (2003) analysis revealed that the frequency and complexity of
teacher questions and demands on student thinking increased in the Inquiry/Argument culture.

Though our approach to analysis of changes in instructional practice of teacher’s changing
practice included interactions with students, further analysis also included teachers’ learning
goals, teachers’ plans for learning activities, and teachers’ selection of tasks. Simon (1995)
described the mathematics teaching cycle as the relationships among teacher knowledge, the
Hypothetical Learning Trajectory (HLT), and interactions with students. The Hypothetical
Learning Trajectory consists of a teacher’s learning goals, planning for learning activities, and a
hypothesis of how the learning might proceed. Simon & Tzur (2004) elaborated on the
hypothetical learning trajectory to include the selection of tasks and the role of the tasks in the
learning process.

Setting & Participants

The six case studies of teachers’ changing instructional practice were embedded in a larger
study in which the focus was on deepening teachers’ mathematical content knowledge and
providing support for developing instructional practice (Nickerson & Moriarty, in press).
Administrators of a large urban school district developed a plan to increase student achievement
by improving instructional practice. The efforts at improving instructional practice in
mathematics began with a focus on teachers in eight low-performing, high-poverty elementary
schools. The students were 57-91% English Language Learners. The school district
administrators made the decision to hire 32 additional teachers as mathematics specialists that
taught only mathematics to students in grades 4—6. As part of the plan to improve instructional
practice, these teachers took 6 units of university coursework in upper-division mathematics
focused on relearning the mathematics they teach. They also took 6 units of graduate education
courses and had site-based support from expert teachers on loan from the school district. Finally,
they were also afforded the opportunity for shared daily professional development time.

Researchers collected data on six case study teachers over the three-year period to examine
changing instructional practice. The focus of this paper is on two case study teachers that
routinely facilitate inquiry/argument discussion contexts. We call the teachers Chris and Anne.
Chris had 9 years teaching experience; Anne had 4.5 years teaching experience. They were both
5th grade teachers during the time of the study. Prior to this assignment, Chris had taught
Kindergarten and first grade. Anne had taught second and third grade. They both were bilingual
and had credentials to teach bilingual children. They completed credential programs from the
same institution. They taught in schools with similar demographics. They used the same
textbook. In terms of education, Anne had a few unconnected mathematics courses prior to
beginning as an elementary mathematics teacher. At the time of the research, Chris had
completed and Anne was completing a M. A. in Education.

Data Corpus
The data consisted of a set of formal classroom observations by the author at the beginning,
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middle, and end of each year. These observations were audio-recorded or videotaped with
accompanying fieldnotes. I used a summary observation form based on an earlier research
project that focused on mathematical ideas, tools, and representations as well as teachers’
management of classroom discourse (Sowder, Philipp, Armstrong, & Schappelle, 1998). In
addition, the classroom observation data included a scripted record of activities of the teacher
and detailed activities of the students during visits to classrooms by the peer coach teachers and
university instructors. The observers always conducted post-observation interviews with
teachers. Teachers were asked a core set of post-observation questions. The core interview
questions included but were not limited to the following questions:

What were your instructional goals?

Were your instructional goals met?

What evidence do you have that your goals were met?

What, if anything, would you change in today’s lesson if you were to teach it again? Why?

In addition to asking a set of core interview questions, the interviewer pursued open-ended
questions specific to what had been observed. Finally, we asked teachers to complete a survey at
the end of the academic year in which they reflected on aspects of their changing practice.

Methodology

The classroom observations were transcribed. Using Wood & McNeal’s (2003) framework,
we coded transcripts to identify different discussion contexts. Having identified teachers who
successfully challenged students to think and participate in Inquiry/Argument discussion
contexts, we did a cross-case comparison of teachers. The focus of this analysis shifted from
identifying classroom interaction patterns to examining teacher decisions that encompassed more
than classroom interaction. Simon’s (1997) hypothetical learning trajectory brought more aspects
of teacher’s practice into focus. In order to understand teacher change and a teacher’s learning
trajectory, qualitative methods were adopted for this interpretive inquiry. Transcripts of post-
observation interviews were the initial focus of inquiry. Codes were developed and other data
sources were then analyzed to confirm or disconfirm themes. The initial coding was guided by
what the emphasis of the lesson seemed to be, the kinds of tasks the teacher selected and the
manner in which the activity was guided, the representations utilized, and the questions posed by
the teacher. Our codes were refined through cycles (Strauss & Corbin, 1990). These themes were
examined as they related to elements of the teacher’s Hypothetical Learning Trajectory. The
Hypothetical Learning Trajectory encompasses (1) teacher’s goal for student learning, (2)
teacher’s plan for student learning activities, and (3) teacher’s hypothesis of student learning
processes.

Results

Two case study teachers who were successful in implementing key aspects of the reform still
differed along important dimensions. In our cross-case analysis, we found that not all teaching in
inquiry-based classrooms could be uniformly described. As we examined themes of the teachers’
development over the three years, we determined patterns that I describe as a teacher’s
orientation toward ‘scaffolding students,’ or ‘scaffolding mathematics.’

With regard to a teacher’s goal for student learning, Chris clearly demonstrated from her
learning goals that she was oriented toward scaffolding students. Her articulated goals for student
learning encompassed social as well as mathematical goals. She had a goal of students
independent problem solving. She worked to embed problems in concrete tasks that she
perceived to be connected to students’ lives. She often constructed concrete models to support
students’ understanding of word problem contexts.
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In contrast, Anne demonstrated from her learning goals that she was oriented toward
scaffolding mathematics. She frequently cited a rationale for selecting learning activities that
were geared toward preparing students for the study of algebra. Anne’s longitudinal view of
goals for learning had her push toward the ‘algebraic part’.

Chris’ planning for learning activities was in response to the perceived immediate needs of
students. She frequently used her assessment of recently completed or shared student work and
her assessment of student understanding as a starting place for the next lesson. For example, in
one lesson students were asked to partition a drawing of a large square into pieces and then label
these pieces with their fractional names. The next day she had created overheads of individual
student work and other students were asked to label and justify their labeling of the partitions.
Student work would often become the object of class discussion.

In our observations, Anne’s students’ work never became the focal point of a class
discussion. Anne’s plans for student learning activities frequently referred to the students making
connections to mathematics already learned or preparation for other mathematical ideas. Anne
used student work in looking for evidence of student understanding or lack of student
understanding. When Anne analyzed students’ activity, she focused on an analysis of the task she
had presented. For example, in a post-observation interview, Anne reflected on a disappointing
lesson in factoring. She expected students to make connections in this arena to a mathematical
representation with which they had substantial experience. She said,

They had difficulty, I think, because it was really disconnected from what they have been
doing. I was really disappointed that there wasn’t more discussion. (pause) But when I
think about it, there wasn’t much to talk about, was there? It wasn’t a rich task.

Lastly, the teacher’s differed on their hypotheses of the student learning process. Chris
expressed her sense that students learn mathematics by making connections to their prior
learning and experiences in a general way. Anne expressed her sense that students learn
mathematics by making connections to their understanding of the structure of mathematics. She
sought to connect one aspect of mathematics to another.

Discussion

The teachers interpreted and utilized the professional development activities in different
ways. The measure of teachers’ increased mathematical pedagogical content knowledge from the
larger study would indicate they both learned a great deal of mathematics. Anne expressed that
her learning enabled her to connect the mathematics knowledge she gained to a larger structure
and landscape. In contrast, the mathematics that Chris learned enabled her to understand what
her students were thinking and expressing. She talked about moments, when listening to her
students’ thinking, she understood something she had not understood before. By her admission,
this was empowering to her.

The teachers’ trajectory of development was different for the two teachers and the
explanation of why they appear so different lies in the orientation the teacher brings to the
hypothetical learning trajectory of the mathematics teaching cycle. In both classrooms, students
participate in inquiry/argument cultures. In both classrooms, students’ thinking and
understanding is taken seriously in the planning and implementation of a lesson. But the
students’ understanding is analyzed through different lenses and orientations—one with a view
toward scaffolding students and one with a view toward scaffolding mathematics.

An understanding of teachers’ differing development trajectories will enable teacher
educators to support practicing teachers’ continued learning. In this case, teacher educators can
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develop an awareness of the need to support teachers’ development of both a landmarks
perspective and a perspective responsive to children’s immediate instructional needs.
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Ten grade 7-9 teachers participated in a relatively short (7 weeks) in-service program that
included five elements: a rubric for standards-based mathematics teaching, self-assessment
tools, peer conferencing, information about standards-based teaching, and feedback from
researchers. Sources of data for measuring the effects of the inservice on teachers’ beliefs and
practices were five classroom observations of each teacher, interviews before and after each
observation, self-assessments, and participant responses to individual case study reports. The
study found that eight of the ten teachers incrementally improved. Lessons learned in the study
were that changes in beliefs and practices must move in concert if substantive professional
change is to develop, how teachers interpreted the rubric for mathematics teaching influenced
their response to the in-service, and that the five elements of the in-service constituted an
integrated set.

Objectives:

Despite substantial evidence of positive effects of standards-based mathematics teaching
(reviewed in Ross, McDougall, & Hogaboam-Gray, 2002), many contemporary mathematics
classrooms are no different than those of the past. Our purpose was to increase implementation
of standards-based mathematics teaching through in-service.

Research Perspectives:

The theoretical framework for the study was social cognition theory (Bandura, 1997). We
emphasized capacity building at two levels: self-beliefs and instructional skill, with the former
prerequisite to changes in the latter. In our conception, teachers develop over time a stable
repertoire of manageable instructional practices. These practices are the residue of experience,
representing teachers’ perceptions of what works for them. Changing their perception of what
could work for them involved the integrated application of five in-service strategies:

Rubric for standards-based mathematics teaching

Our first step was to influence teacher perceptions of what constitutes excellence in
mathematics teaching. To do this we provided a multi-dimensional rubric of instructional
practice. Previously we conducted observations and interviews with mathematics teachers who
ranged from traditional teaching to high fidelity implementation of standards-based approaches
(McDougall et al., 2000; Ross, Hogaboam-Gray, McDougall, & Bruce, 2001; Ross, Hogaboam-
Gray, McDougall, & Le Sage, 2003). We used these data, governing curriculum documents, and
feedback from expert math teachers, to construct a rubric for standards-based teaching. For each
of our 10 dimensions, we described four levels of implementation, arranged in a hierarchy of
increasing fidelity to NCTM Standards (shown as levels 1 to 4). District math consultants
provided evidence of the face validity of the rubric (Ross & McDougall, 2003). We anticipated
that use of this rubric would focus teachers’ self-assessments, peer observations, and their
selection of improvement goals. The rubric describes finer distinctions in teaching than are
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usually available, increasing teachers’ ability to generate goals associated with persistence; i.e.,
goals of moderately difficulty, achievable in the near future, with unambiguous outcomes
(Schunk, 1981).

For example, dimension 8 of the rubric addresses how the teacher provides opportunities for
student-student interaction—a key determinant of the frequency and quality of mathematical talk
in the classroom. We represented this dimension of practice as containing three aspects: explicit
instruction provided by the teacher about how to work in small groups, the task assigned to
students in groups, and communication norms. In the rubric, the level 1 descriptions approximate
traditional practice. Level 4 represents our conception of ideal practice, in the sense that it
maximizes opportunities for rich talk about mathematical ideas among students. The first aspect
concerns the directions that teachers give to students about how they should work in the
classroom. The levels are:

1. The teacher provides instruction on expected classroom behaviours, focusing on whole class
management without reference to student interaction.

2. The teacher provides instruction on expected classroom behaviours, focusing on small group
management.

3. The teacher provides instruction and models expected small group behaviours, focusing on
general cooperative learning skills and shared group leadership.

4. The teacher provides instruction and models expected small group behaviours, focusing on
cooperative learning skills, shared leadership and effective math communication.

The second aspect of the student-student interaction dimension concerns the tasks assigned. The
levels are:

1. The teacher assigns tasks that require students to work independently at their desks.

2. The teacher assigns tasks that require students to work independently within small groups.

3. The teacher assigns tasks that require students to work independently and share their solutions
with their peers to check for accuracy.

4. The teacher assigns tasks that require students to work together within groups to develop joint
solutions and strategies.

The final aspect of the student-student interaction dimension of the rubric concerns the norms
about communication established by the teacher. The levels are:

1. The teacher controls question and answer discussions by providing opportunities for students
to recite their answers to the whole class.

2. The teacher allows students to describe their answers to peers, either as a whole class or within
small groups.

3. The teacher allows students to explain and defend their answers to peers, either as a whole
class or within small groups. Students are encouraged to challenge the validity of their
classmates’ solutions.

4. The teacher allows students to explain and compare their solutions and solution strategies with
their peers. They are encouraged to discuss the mathematical concepts within the problems and
to be both supportive and challenging to their peers.

Self-assessment tools

Self-assessment provided a mechanism for participants to access the rubric. Our self-
assessment tool consisted of four teaching descriptions for each of the 10 dimensions of our
rubric for standards-based mathematics teaching. It is accessed through an interactive website
http://www.solidcs.net/mathtls.htm that provides immediate feedback in the form of an overall
score and individual dimension scores based on four categories ranging from “procedures focus”
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(traditional instruction), to “constructivist focus” (standards-based mathematics teaching). . In
previous research with children we found that teaching students how to evaluate their work
increased the accuracy of their self-appraisals and contributed to higher student achievement
(Ross, Rolheiser, & Hogaboam-Gray 1999; Ross, Hogaboam-Gray, & Rolheiser, 2002; Ross &
Starling, in press).
Peer conferencing

Teacher beliefs about their capacities develop from their interpretations of the effects of their
efforts, considering the difficulty of the task and contextual features that might influence
outcomes (Bandura, 1997). These private interpretations can be influenced by peers. For
example, peer input can direct teacher attention to particular dimensions of practice, can
moderate self-assessments with information about outcomes achieved by other teachers, can
heighten the salience of specific experiences by praising success, and may weaken the negative
effects of failure by suggesting ways to be successful in the future. We focused on peer coaching
as a strategy for enabling teachers to access positive peer influences. In peer coaching, pairs of
teachers of equal experience and competence observe each other teach, negotiate improvement
goals, devise strategies to implement goals, observe the improved teaching, and provide mutual
feedback. Positive effects are obtained when a climate of mutual trust, voluntarism,
encouragement of reflective thinking, and principal support (McLymont & da Costa, 1998) is
developed. Peer coaching increases teacher implementation of sought-after teaching practices
and contributes to higher teacher efficacy (Edwards, Green, Lyons, Rogers, & Swords, 1998;
Kohler, Ezell, & Paluselli, 1999; Licklider, 1995; Wineburg, 1995). In this study we re-labeled
the technique as peer conferencing because two of the pairs involved teachers of unequal
experience. However, we asked all participants to treat their partner as an equal, which would not
be the case in a mentoring program.

Information about Standards-based teaching

The standards, self-assessment, and peer support were designed to increase teacher
aspirations. To help teachers realize these aspirations for instructional change, we provided three
half-day interactive in-service sessions containing information about how to implement the
Standards. Knowledge input followed Garet, Porter, Desimone, Birman, and Yoon (2001)
principles; i.e., ample supply of student learning materials, input from subject experts, collegial
interaction to explore classroom applications, attention to beliefs about mathematics, and
alignment with Standards.

Feedback from Researchers

We saw ourselves (a team of mathematics education faculty and graduate students) offering
constructive feedback on teachers’ entry positions, attempted changes, and observed practices.
We observed all teachers in the study teaching mathematics on five occasions and interviewed
each about what they were trying to accomplish. Each teacher received feedback on our
observations on several occasions, including an individual 5 000 word case report that
summarized our interpretations of that teacher’s change trajectory over the course of the project.
All feedback sessions were interactive and were designed to be non-evaluative.

The events of the in-service were: 1) self-assessment using an interactive website; 2) in-
service on peer observation skills, setting observation priorities, and Standards application; 3)
peer observation of teaching, 4) inservice on using peer observation data and input on Standards
application; 5) classroom experimentation over 4 weeks; 6) peer observation, and 7) in-service
on Standards application.
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Methods of Inquiry & Data Sources

The study was an explanatory case study (Yin, 2003) involving ten grade 7-9 teachers,
recruited to maximize variation in gender, teaching experience, and commitment to standards-
based teaching. Site visits followed procedures established by Simon and Tzur (1999). We
visited each classroom in September on two consecutive days during their math period (75-80
minutes per day). We interviewed teachers before, during, and after each math lesson to elicit the
teacher’s intentions and reflections on the lessons we observed. We recorded key events and
contextual detail. The purposes of the second day of observations were: a) to ensure that as many
dimensions of teaching as possible were observed; b) to determine the consistency of the teacher;
¢) to guard against demonstration lessons. Observations of mathematics teaching (self, peer, and
external observers) were coded using the categories of the rubric (4 levels X 10 dimensions of
teaching), using a template. We observed each teacher on five occasions (observations 1 and 5
were two day events; the remainder were one day).

The data consisted of the self-assessment, our observations, peer observations, individual and
collective interviews, teacher responses to our 10-page case reports, and field notes of in-service
sessions. Analysis was guided by three questions: In what ways did teachers think they had
changed? In what ways did our observations indicate that teachers had changed? What factors
contributed to or impeded teacher change. We used NUD*IST to organize the data. Themes were
developed through constant comparison. Credibility of the findings was enhanced by 1)
triangulating among data collection times and interpreters; 2) maintaining an audit trail by
creating charts of relationships and counting instances; 3) searching for negative instances; 4)
member checks.

Results

All teachers believed they had improved substantially on the two dimensions of mathematics
teaching that each chose to work on. For example, “Victoria” decided to work on building
student confidence and student assessment strategies. Her key strategy was to implement a
tracking sheet to help students become aware of their progress. Previously she gave her students
“praise in the form of lollipops, stickers”, encouraging words, and other extrinsic reward
strategies based on teacher perceptions of student progress. Victoria believed her students were
“not aware that they are doing well or not doing well” and they often asked her about their
progress, seemingly unaware of their own mathematical abilities. Her improvement plan focused
on helping students develop a sound foundation for confidence in their mathematical ability.
When implementing her plan, Victoria asked students “to write something positive [they learned]
from their estimation activity on their tracking sheet” so they could identify their areas of
strengths. In addition, she continued with previously established strategies such as identifying
students who made “unique” or “out of the box™ solutions; giving praise for correct responses,
while for incorrect responses she would scaffold questions to ensure an entry point for students
to provide an answer; and she continued to build students’ confidence by reviewing and
explaining questions.

Victoria created a problem-solving rubric with her class to make the assessment more
transparent to students. Previously she had decided without student input how student work
would be evaluated. However, only a few students were involved in the development of the
rubric and the instrument was not used until after the in-service ended. Victoria continued using
her regular assessment tools, such as quizzes, to assess students’ understanding of concepts.
What was new was a self-assessment activity in which students marked their own integer
homework. In addition, while reviewing an estimation activity, Victoria categorized each
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question as rounding questions, percent questions, and percent from fraction questions so
students could see what general areas they were good at and where they needed improvement.
By the end of the project, Victoria felt that she had “moved up a level for Student Confidence
and Student assessment”.

Our claims about the progress of participants were more modest. For example, our review of
Victoria’s case indicated that she had made some progress toward the use of standards-based
mathematics teaching but the amount of change was small and had yet to be internalized into her
practice. We found that the in-service had an uneven effect on participants: for some it amplified
an existing commitment to standards-based teaching; for others it enabled them to experiment
with new ways of teaching (e.g., Victoria); and for one pair it consolidated their commitment to
traditional instruction. We identified three impediments to change and six enablers.
Impediments to Change

Time

Participants believed time was insufficient to reflect on the rubric and incorporate it into their
planning; to plan their lessons using new methods; to engage with their peers in conversations
about instructional change. The effects of the short timeline were exacerbated by the fact that
participants were trying to change two dimensions of teaching at the same time and the amount
of mathematics teaching knowledge they received was relatively small. The short time line
encouraged the adoption of short term goals and all participants reported difficulty in keeping to
the schedule of events.

Person Factors

Although all participants volunteered, three were encouraged to do so by their supervisors,
with negative effects on teacher “buy-in”. These three also believed their current practices were
superior to the methods demonstrated at the in-service by their peers and by the researchers. For
two participants, the in-service provided an opportunity to clarify, consolidate, and strengthen
their opposition to mathematics education reform. This pair appraised their practice at high levels
on entry to the program, denigrated the suggested alternatives, and believed that their practice
had improved through interaction with their peer. Teachers’ confidence in their ability to bring
about student learning, i.e., teacher efficacy in social cognition theory (Bandura, 1997), is
usually associated with greater willingness to implement new strategies (evidence reviewed in
Ross, 1998). But over-confidence is an impediment to professional learning (Lindsley, Brass, &
Thomas, 1995).

Structure of the Self-Assessment Instrument

Although each set of response options in the self-assessment is a continuum, the feedback
given by the website implied that the underlying metric is an ordinal scale. Teachers felt their
practice overlapped categories, reducing the utility of the self-assessment in ways that we had
not foreseen.

Enablers of Change

Climate of the Project

All teachers attributed their improvement to the risk-free opportunities to explore new ways
of teaching; i.e., the project gave them descriptive rather than evaluative feedback. Teachers
operate in professional isolation, physically (in closed classrooms) and psychologically (through
norms of privatism and individualism). Access to the classrooms of other teachers is a rare event,
particularly when combined with encouragement to talk about mathematics teaching in a specific
course context.
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Person Reasons

The four teacher pairs who displayed positive change were those who shared similar views
about the nature of math teaching, who had worked together in the past or were seeking
opportunities to do so. For example, “Barry” had a history of engaging in personal professional
development and his conception of mathematics was that of "an ever changing dynamic
construct that allowed him to explore mathematics teaching in new ways continuously". His
teaching partner (“Mark”) was a very reflective teacher who was committed to continuously
improving his practices to better meet the needs of his students because of his own love for the
subject area. These two teachers shared similar attitudes towards mathematics teaching and
learning, which enabled their relationship to flourish. Another teacher pair that just began
collaborating together during the current school year had different background experiences but
both teachers were enthusiastic about working towards changing their teaching practices to
reflect the demands of the curriculum. In these teacher pairs, regardless of whether the
relationship between the teachers was a "community of practice" developed over past
associations or had just been developed over the current school year, the complementary
personalities enhanced the teachers' ability to make changes to their teaching practices.

Self-Assessment Tool

The self-assessment helped teachers select improvement goals by providing a menu of
options, a mechanism to find gaps between desired and actual practices, a ruler for measuring
changes in practice, confirmation of teaching achievements, and a language for talking about
teaching. The self-assessment had these effects as a vehicle for selfapplication of the rubric for
standards-based mathematics teaching, changing the rubric from a theoretical construct into a
practical tool. The aspirations of teachers varied as did the amount of change we observed. But
all teachers, regardless of their commitment to the project, used the rubric for standards-based
teaching to gauge change in their teaching.

In-Service Workshops

Four of the five pairs believed that the in-service workshops provided worthwhile teaching
strategies and resources they could use in their classrooms that were not readily accessible
through other means. The instructional techniques came from the classrooms of the graduate
student members of the research team, all recently (or currently) classroom teachers. The utility
of the instructional methods lay in their specificity to the course contexts of study participants
and to the verbalization by the demonstrators of how the specific activities instantiated the
theories of constructivist mathematics teaching. Each of the sessions was tailored to the specific
dimensions that teachers selected for their improvement goals.

An important corollary of the in-service is that they freed teachers from their regular duties,
providing a forum for sharing professional experiences with knowledgeable peers. The good will
that motivates collaboration within-schools is frequently frustrated by the exigencies of daily
commitments. The in-service provided new time for professional talk.

Observations and Peer-Conferencing

Observation of other teachers enabled participants to formulate new approaches to topics
they were teaching. Observing their partners concretized discussions of teaching in peer-
conferencing sessions. After these sessions, partners designed activities they could both use; they
discussed how their students performed and determined if any changes were needed to make the
activity better. Although one teacher felt uncomfortable being watched by adults, he grew more
relaxed as the project continued. The other participants reported that they were comfortable
being observed by both insiders (peers) and outsiders (researchers). We observed that peers made
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constructive comments about what they saw when they visited their partner’s classroom,
suggested ways to improve lesson plans, and offered thoughtful reasons for their instructional
choices.

School-Related Issues

Teachers (four of five pairs) who had administrative support felt validated and motivated to
change. One pair was ridiculed by immediate supervisors for participating in the project but was
able to balance departmental opposition with principal support.

Conclusion

The effect of the treatment was modest. None of the teachers experienced paradigmatic
change, nor would we expect a dramatic shift given the limited duration of the project. All of the
participants changed in some way, four of the pairs in intended directions.

An important lesson that we learned from the study is that beliefs and practices must move in
concert. Receptivity to the project was largely determined by the alignment of project goals with
teachers’ prior beliefs about mathematics and mathematics teaching. As the project unfolded we
observed a pair (Mark and Barry) that used the project to accelerate change in the direction they
were already going. These two teachers were committed to the Standards, recognized
connections among the rubric, their existing practice, and their aspirations. Both realized
improvements in their teaching during the project as they refined their beliefs about mathematics
teaching and devised strategies to implement these beliefs in the classroom. We anticipate that
this pair will continue their positive career trajectories.

A second pair saw discrepancies and struggled to resolve them. “Cheryl” reported that her
classroom practices did not change very much but that her awareness of how she was teaching
and assessing students increased as a result of her participation in the project. She felt she had
reduced the uncertainty surrounding the new provincial guidelines and believed she was
implementing those program expectations to a greater degree by developing performance rubrics
to guide her student assessments. We did not see these rubrics in use when we observed Cheryl’s
teaching and when we asked her about them she said that they were still in development. Cheryl
stated that they were “at the back of her head” when she was thinking about assessment issues
and that formal classroom use would take further development. Cheryl had started to change her
beliefs but not her practice. For “Don”, the opposite was the case. He implemented new practices
(graphing calculators and Geometer sketchpad) but his beliefs about mathematics teaching and
learning had not changed. The result was that his new use of technology did not allow for student
discovery of the programs and their functions. His focus on correct operation and achievement of
a single correct answer inhibited the use of technology to solve rich problems and stifled the
production of rich talk about mathematical ideas. Neither Cheryl nor Don had internalized new
ways of teaching. Our expectation is that neither will until progress is made on both the belief
and practice fronts, stabilizing in a higher instructional plane.

A second lesson learned in the project is the importance of how teachers interpreted the
mathematics teaching rubric that guided the project. There were few overt challenges to the
rubric, either to the dimensions selected as core features of mathematics teaching or to the
specific descriptions in the levels. It was accepted as a valid representation of what research says
about excellence in mathematics teaching. Yet some of the participants disagreed with the
sequence of the levels and/or claimed they had achieved a particular level when their practice
and their talk about that practice indicated that this was not the case. For these participants the
rubric appeared to have authority sufficient to encourage recasting their descriptions of practice
to “score” higher on its dimensions. Some participants emphasized superficial similarities
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between what they did and words or phrases that appeared in the upper levels of the rubric. In
doing so they assigned iconic status to the rubric but this status did not increase its
meaningfulness. Participants with belief systems that had already moved in the direction of the
Standards had a clearer understanding than other participants of what the higher levels might
mean in classroom application. We may have overgeneralized from our interactions with the
individuals who agreed with us to the sample as a whole. In retrospect we should have spent
more time ensuring that all teachers were interpreting the rubric dimensions and levels in the
way that we intended.

The third lesson learned from the project is that the five treatment elements constituted an
integrated set. The rubric for mathematics teaching was the foundation on which the in-service
built. Willingness to move in directions set out in the in-service objectives was contingent upon
agreement and understanding of the change described in the hierarchy of levels and dimensions.
But without a mechanism for accessing the rubric (i.e., the self-assessment) it is unlikely that
participants would have applied the rubric to their own practice. The self-assessment provided a
tool for teachers to place themselves on a graduated scale, set priorities for professional change,
and a language for talking about their practice with peers and researchers. But self-assessment
without support for changing that assessment is likely to lead to discouragement. By
demonstrating specific activities contextualized to the courses taught by participants, the in-
service provided teachers with concrete illustrations, to be adapted or adopted, to implement new
levels of teaching. Peer conferencing strengthened the learning process by confirming the self-
assessments, helping teachers apply the models to lesson plans suitable for their own classrooms,
and providing feedback on how well teachers were meeting their improvement goals. The final
element, feedback from the researchers, was the least influential. There were few references to
our feedback in the interviews and there were very few disagreements with our case descriptions
of each teacher, even when we explicitly stated our view that one pair had regressed during the
project. The influence of the researchers appeared to be indirect, through the design of the in-
service activities, especially the rubric.

In summary, the in-service contributed to incremental improvements in eight of the ten cases.
We also found the treatment created unintended impediments to professional growth, the most
important being our inability to influence the belief systems of participants who disagreed with
the Standards. The contribution of the study is the demonstration that multi-dimensional
treatments can contribute to implementation of standards-based mathematics teaching.

Endnotes

1. Paper presented at the conference of the North American Chapter of the International
Group for the Psychology of Mathematics Education (PME-NA), October, 2004. The research
was funded by the Ontario Ministry of Education and Training. This report does not necessarily
represent the views of the Ministry. Send comments to the corresponding author: Dr. John A.
Ross, Professor of Curriculum, Teaching, & Learning, OISE/UT, Box 719, Peterborough, ON
K9J 7A1 Canada.
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This research examines a province-wide professional development initiative designed to assist
elementary teachers in their teaching of mathematics. The paper discusses the preliminary
stages of a large-scale research project developed to study the process of implementing the
initiative. A close examination of the complete research design suggests some ways in which
research plays an important role to further support and stimulate professional development.

Context of the Study

The initiative in mathematics education is part of a larger project undertaken by the Ontario
Ministry of Education beginning in 2002 to assist elementary teachers in increasing their
expertise in effective reading and mathematics teaching. The aim of this province-wide
professional development initiative is to improve both reading and mathematics in the primary
grades across Ontario. The initiative began with the establishment of two expert panels, one for
Reading and one for Mathematics which served as the basis for the professional development
project known as The Early Reading and Early Math Strategies. The research team studying The
Early Reading and Early Math Strategies is a bilingual team of seven researchers with a broad
range of expertise in mathematics and reading education, early elementary educa‘[ion,1 survey and

classroom research, and an interest in the development of professional knowledge . The team
also brings both Francophone and Anglophone perspectives to the research to address both
French-language and English-language educational systems in the province. In addition, the
research will include researchers and research assistants from other universities across the
province.
Identification of the Problem

The focus of this paper is on The Early Math Strategy which is the professional development
project to enhance elementary teachers’ expertise in effective mathematics teaching in order to
improve achievement in mathematics among children from Junior Kindergarten to Grade 3.
There is growing evidence that children learn more mathematics when instruction is based on
learners' ways of thinking when they are engaged in meaningful problem solving (e.g., Yackel &
Cobb, 1996; Yackel, 1997; Graves & Zack, 1997), and when teachers assist learners in seeing
the connections among various mathematical ideas (Gearhart, et. al., 1999; Lampert, 1990).
However, mathematics education poses substantial challenges for elementary teachers, who often
have insufficient knowledge of the mathematics required to effectively implement reform-
oriented mathematics programs (Ball, 1988, 1990; Ball, Lubienski, & Mewborn, 2001; Ma,
1999). Many elementary classroom teachers have difficulty providing rich mathematical
experiences, recognizing the mathematical connections that children are making, seeing
children's mathematical inventions, and connecting them to mathematical norms (Lampert,
1990). There is increasing evidence that teachers' weak understanding of math may prevent them
from recognizing and furthering the important concepts that are inherent in mathematical activity
(Ball, 1999; Kahan, Cooper, & Bethea, 2003). A variety of initiatives have been used to address

1111



the problem. This particular provincial professional development program is one such attempt to
improve the quality of mathematics teaching in learning.
The Early Math Expert Panel Report
The Early Math Expert Panel Report was the starting point for this initiative and played a
pivotal role in sharing the research and best practices of teaching mathematics in the early
grades. The Expert Panel in its report made recommendations to inform the professional
development initiative (Suurtamm & Dawson, 2003) based on the available research. There were
three important areas on which they based their report.
Mathematical and pedagogical content knowledge
The panel report identified increasing teachers’ pedagogical content knowledge (Schulman,
1987) as central for improving the teaching and learning of mathematics. In addition, if teachers
are going to engage their learners in meaningful mathematical problem solving, they need to
develop a deeper understanding of the mathematics that may arise as students explore different
types of solutions. A more complete understanding of mathematical content will allow them to
listen more effectively to their students as well as choose mathematical activities which support
mathematical thinking (Ball, 2000). In summary, teachers need to know both the mathematics
that they teach as well as the reasons for teaching it in order to create effective learning
environments for mathematics.
Opportunities to collaborate and reflect
Professional development should help to build positive beliefs and attitudes towards
mathematics, beliefs about learners and learning, teachers and teaching, the nature of
mathematics, professional development, and the process of change (Loucks-Horsley, 1998). This
can be enhanced by opportunities for teachers to examine their own teaching, discuss student
learning, and share their reflective insights with colleagues. Teachers need opportunities for
analysis and reflection that include time, space, and encouragement. This may take several forms
such as talking with others, keeping a journal, or engaging in action research (Darling-Hammond
& Ball, 2000).
The role of the school principal
The principal is central in creating the conditions for the continuous professional
development of teachers and thus, of classroom and school improvement (Fullan, 1992). The
principal and other administrators need to be actively involved in the professional development
process and make informed decisions about professional development at the school level (Payne
& Wolfson, 2000; Burch & Spillane, 2001). An effective professional development program
should include professional development for principals in order to build awareness and support
for early mathematics initiatives. As school leaders, principals must provide support for effective
mathematics teaching and learning by ensuring that appropriate resources are available, by
creating and maintaining a collaborative school culture, and through the creative use of time.
Principals also need professional training in what sound early mathematics experiences should
look like and should consistently improve their own understanding of good mathematics
instruction.
In summary, the findings and recommendations of the Expert Panel suggested that effective
professional development in mathematics teaching requires:
a focus on developing teachers’ pedagogical content knowledge;
a recognition and valuing of teachers’ prior knowledge;
opportunities for teachers to connect with other teachers;
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opportunities for teachers to connect new knowledge with work in their own classrooms;

and

an active role for the school principal as mathematics learner and instructional leader.
Implementation of the initiative

In response to these recommendations, the Ontario Ministry’s implementation of the Early
Math Strategy involved an extensive training program for 4000 principals and 4000 teachers
throughout the province. At the same time, the Ministry devoted substantial time and money to
develop resources and materials to support the training. An important focus of the professional
development initiative was to build teachers’ understanding of the mathematics they teach.
Therefore the initial stage focused on the Number Sense and Numeration Strand of the
curriculum to support teachers in their understanding of important concepts in this strand. Such
concepts include understanding of counting, numerical representations, quantity, and operational
sense. There was also a focus on a variety of teaching strategies and activities to help teachers
develop their learners’ understanding of number concepts. Finally the implementation involved
principals and administrators connected with every elementary school in the province. The
Ministry's implementation of the training may be described as occurring in three phases.

Phase 1 (May, 2003). A team of 5 trainers mainly from the expert panels provided training
for about 45 specialists in mathematics. These subject specialist teams became the regional
trainers for the next phase.

Phase 2 (Provincial regions, June, 2003). Each team of regional trainers returned to their
own region and provided training in math to teams from each school board in the area. These
teams became the trainers for each of the school boards.

Phase 3 (School Boards, School Year, 2003-04). Each team of board trainers was responsible
for the training of one teacher in each elementary school in the board's jurisdiction. The board
trainers also trained one principal from each of the elementary schools. The teachers who
received the training, referred to as Lead Teachers, were then expected to incorporate the training
into their classroom practice. Following this, each board set aside three additional training days
for Lead Teachers to share their experiences and consolidate their understanding.

The Research Study
Theoretical framework

The research to examine the Early Math Strategy is a longitudinal study designed to gather
data over two years to capture the developmental nature of the implementation process.
Theoretically, we are drawing on a social-constructivist framework (Confrey, 1990; Davis,
Mayer & Noddings, 1990; Foreman, 2003; Yackel & Cobb, 1996) in order to examine the
connections between all of the components of the initiative. From this perspective, it is
understood that we construct knowledge in relational networks which emerge from the
interactions of people and activity contexts. More specifically, to understand the developmental
changes of the Lead Teachers, the Principals, and the classroom implementations, we are
drawing on Activity Theory (Cole 1996; Engestrom 1994; Leont'ev, 1981; Vygotsky, 1978,
1986) a conceptual approach that provides a framework for describing the contexts of actions
and processes while focusing on the mediating role of language and artifacts both material and
symbolic. Investigating the ways in which these mediating resources are created and transformed
within the context of the activity will assist us in understanding the changes in teacher
knowledge, attitudes, and classroom practice, as well as changes in principal leadership and
growth.
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Rationale for the research design

The research plan is multifaceted and focuses on three aspects: 1) understanding current
practices; 2) examining changes in teacher knowledge, classroom practice, and school leadership
as a result of participation in this initiative; and 3) examining the effect this has on achievement.
the research project includes the gathering of both quantitative and qualitative data to provide a
comprehensive view of the implementation of the Early Math Strategy across the province. The
project consists of data gathering and analysis at the provincial level as well as case studies of
nine representative schools across Ontario.

The research design has several different components to address the complexity of the Early
Math Strategy.

* Questionnaires for Principals and Lead Teachers

* Analysis of training

» Case studies
Questionnaires

Questionnaires are being administered to 4000 Lead Teachers in mathematics and to 4000
elementary school principals three times throughout the two-year study. Although a sample of
the population could have been used, the research team decided to specifically invite all of the
participants in the Early Math Strategy to take part in the research. The use of the full population
of 8000 allows everyone to be engaged in both the initiative and the research of the initiative. In
this way, all participants have a recognized voice.

Principal questionnaires examine school leadership, improvement planning, and support for
teachers and students in mathematics. The questionnaires for teachers investigate the ways in
which Lead Teachers understand teaching mathematics, the instructional strategies they use, the
types of professional development they take part in, and the resources that they would find useful
in their practice. The first set of questionnaires to Lead Teachers and Principals were
administrated in spring 2004.

Analysis of Training
In order to investigate the training and resources that Lead Teachers and Principals receive,
the research examined four aspects of the training process. These include:
Interviews with the trainers at multiple levels to determine: i) the important messages
they wanted to convey ii)the areas that the participants found difficult, and iii) their
perception of the effectiveness of the training.
Analysis of agendas of training of board training of Lead Teachers to further clarify the
nature of the training in several contexts.
Analysis of the training materials to provide an overview of the resources provided to
teachers and principals to support their learning and school-based practice.
Examination of professional development models used for Phase Three of the training to
determine how the Lead Teachers in each school board consolidate their learning.

Case Studies

It is anticipated that the Teacher and Principal questionnaires will provide an indication of
the level of implementation of the Early Math Strategy. However, these self-reports will be
strengthened through observational case studies that can provide a more complete description of
implementation (Ross, McDougall, Hogoaboam-Gray, & LeSage, 2003). In order to capture the
diversity of education in the province, schools and boards will be selected according to their size,
language of instruction, geographical location, and urban or rural context. Nine schools are being
selected for case study sites from 6 school boards in Ontario. Researchers will use these schools
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to interview the Principal and the Lead Teacher in mathematics. As well, observations of the
Lead Teacher classrooms over time will allow for the collection of data concerning classroom
practice. Video capture will be used in classroom settings as it helps in the description and
retention of observed events so that they can be analyzed in detail on a variety of different levels.
The Report of the Expert Panel along with the findings of the first questionnaire will help to
frame the analysis of the classroom data. Specifically we are interested in examining the
interactions of problem-solving settings including the discursive practices in instructional
activities.
Preliminary Findings and Discussion

The research team has worked steadily to implement a research design which is both
complex and extensive. Even at this early stage in the research process, it is clear that the
numerous types of data and the range of variables available for analysis are rich resources for
further study. There are a number of substantial challenges posed by a large scale study of this
kind. Choosing to survey the entire population of participants in this initiative rather than a
sample posed several logistical problems. In addition, including several constructed response
items on the questionnaires posed a challenge for data analysis. Organizing nine case study
schools in several different locations and contexts requires extensive training of various research
assistants. As well, coordinating the various components of the study and the connections
between those components is complex. Setting the stage in a large-scale research project also
takes time. In addition to the phases of the research that generate the data, an early part of the
research focused on ethical issues and becoming familiar with the extensive training
documentation and the complex series of implementation components associated with the
initiative. At the same time, we established positive working relationships with the multiple
partners in the field. These partnerships have been considered essential for the effective
collection of data for all phases of the research. As this project is in its initial stages, very
preliminary results are being realized. However, there are several initial outcomes that are
evident. Nearly 11, 000 questionnaires were distributed in the first round of gathering
questionnaire data and over 6, 000 questionnaires have been completed and returned. This high
response rate suggests that the desire to give all participants in the initiative a voice was well-
received. In addition, the questionnaire included a number of constructed response items where
respondents were invited to provide additional details and clarifications. Participants took the
opportunity to include many additional notes to describe their professional development and
classroom experiences. In a recent article on the value of educational research, Burkhardt &
Schoenfeld (2003) have suggested that educational research needs to be more directly linked to
the practical needs of the education community. This requires that researchers make a serious
attempt to understand the multiple contexts of the practice they are investigating. The
professional development initiative described in this paper, as is the case with all human activity
is context sensitive and the scope of the research design needs to be able to investigate those
contexts in order to understand the implementation. The preliminary findings of this study
suggest that if the research is designed with the community of participants in mind, as well as
their contexts, it has the potential to substantially alter attitudes and practices. That being said,
we are well aware of the deep challenges to change but remain optimistic that professional
development initiatives such as this one can, if the partnerships are nurtured, lead to the
successful implementation of educational reform.
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Endnotes
1. The following researchers form the team: Marie Josée Berger, Renée Forgette-Giroux,
Barbara Graves, Martha Koch, Claire Maltais, Christine Suurtamm, and Nancy Vézina.
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THE PROCESS AND INFLUENCES OF DISTRICT LEADERS BECOMING
MEMBERS OF A PROFESSIONAL TEACHING COMMUNITY

Teruni d. Lamberg
University of Nevada, Reno
terunil@unr.edu

Objective

This paper describes how district leaders became members of a professional teaching
community. Their influences on the joint enterprise of the professional teaching community and
the district leadership community are highlighted. I do this by identifying shifts in district leaders
participation in the professional teaching community, and also the joint enterprise of the
professional teaching community. In addition, I also identify shifts in the practices of the district
leadership community.

Theoretical framework

A professional teaching community is typically conceptualized as a group of teachers
working together with a group of researchers in order to develop generative teaching practices
(Cobb, McClain, Lamberg & Dean 2003; Wenger 1998; Franke & Kazemi (in Press); Grossman,
Wineburg and Woolworth 2000; Leherer & Schauble 1998; Warren and Rosebery, 1995).
Generative teaching practices involve teachers making pedagogical decisions based on student
reasoning (Franke & Kazemi, in Press). Teaching for conceptual understanding is a complex
activity because it involves figuring out how students are reasoning and making pedagogical
decisions to support student learning by building on what students know and can do. A
professional teaching community can become an arena for teachers to figure out how to support
student learning by using each other as a resource (Cobb, McClain, Lamberg & Dean, 2003). A
professional teaching community is a community of practice (Wenger, 1998) within the
institutional setting of the school district. Cobb, McClain, Lamberg & Dean, 2003 identify math
leadership community, school leadership community and the professional teaching community
as primarily influencing math instruction within the institutional setting of the school district.
The math leadership community is made up of distinct leaders such as the math coordinator and
math specialists that work with the schools to support math instruction. The school leadership
community is at the school level includes the principal, vice principals and department chairs.

A community of practice can be identified as having a joint enterprise, mutual engagement
and norms of participation (Wenger, 1998). When a member from one community of practice
interacts with another community, they act as brokers (Wenger, 1998). In other words, a broker
helps facilitate meaning by coordinating different perspectives among the communities through
boundary encounters and boundary objects (Cobb, McClain, Lamberg & Dean 2003. Math
instruction within an institutional setting is a distributed activity. Therefore, the influence of
brokers in professional teaching communities needs to be understood. According to Gameron
(2003), a professional teaching community needs resources in order to be able to sustain itself. In
this paper, I specifically explore how district leaders became part of the professional teaching
community and their resulting influences on their participation in the district leadership
community. This paper is significant because it sheds light on how district leaders and teachers
can be brought together to develop mutually beneficial relationships in order to maximize the
strengths and resources of the professional teaching community and district leadership
community to influence and improve math instruction.
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Methodology/Evidence

The data presented in this analysis is from ongoing collaborations with a group of middle
school teachers in a southern state for the past three years. A research team including myself
from Vanderbilt University have been meeting with the teachers once a month for six times
during the school year and also during the summer for a workshop. The research team facilitates
professional development sessions to support teachers develop generative teaching practices for
mathematics instruction.

The school district is an urban district that serves 60% minority student population. It is
located in a state with a high stakes accountability program. The school district had received
external funding to support reform of mathematics instruction. The district leadership community
is made up of a mathematics coordinator and 4 math specialists who serve 8 middle schools. The
district leaders as this school district coordinate math reform in the district. The math specialists
coordinate the professional development in the district and they also provide classroom
assistance.

The data collected include videos of the professional development sessions during the school
year and also the summer sessions from 2001-2003. The data also includes interviews of the
district leaders conducted by the research team. The district leaders interviewed include the math
coordinator and the math specialist who works with the schools represented in the professional
teaching community. The methodology used to collect and analyze data includes the snowballing
methodology (Spillane, 2000) and a Bottom-up strategy (Talbert and McLaughlin, 1999). Shifts
in the district leaders participation in the professional teaching community and the district
leaders community in relation to the joint enterprise of the communities is documented.

Results

The following shifts in participation describe the process that district leaders became

members of the professional teaching community (see figurel).

Non Member: District leaders and researchers learn about respective
Community of Practice

g

New Member: Contribute to joint enterprise of Professional
Teaching Community through active participation in PTC activities.

Empowered Member: Offer resources to support joint enterprise of
respective communities

Transformative member: District leaders take action to bring about
changes within the institutional setting

Figure 1. The process district leaders became members of PTC

Non-member: District leaders and researchers learn about respective CoP

District leaders did not initially participate in the professional development sessions. They
helped researchers conduct professional development sessions by helping with the logistics. At
this point, the researchers wanted to create a non-threatening atmosphere for the teachers so that
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they would feel comfortable expressing their thoughts and ideas. Therefore, the district leaders
were asked not to attend the sessions. The researchers interviewed the district leaders in order to
understand what it was like to teach within this institutional setting of the school district. The
researchers were interested in understanding the role of the institutional context as it relates to
math instruction.

The district leaders described their roles, duties, the district wide agenda for math reform and
information about boundary objects related to math instruction. The district leaders roles and
duties involved supporting teachers teach reformed math within the school district. The Math
coordinator supported math reform by focusing on the implementation of reformed curriculum
district wide. The math specialist focused on providing assistance to teachers in specific schools
at the request of the principals and also conducting professional development sessions within the
school district.

During this time, the joint enterprise of the professional teaching community shifted to
supporting principals become instructional leaders so that teachers would have opportunity to
plan together, collaborate and problem solve to support student understanding. This joint
enterprise evolved as teachers during the professional development session assessed student
thinking and understanding on basic mathematical concepts. They concluded that even though
students were able to solve the problem procedurally, they had difficulty understanding the
mathematical concept. Therefore, the teachers felt that they needed support on how to focus on
student understanding.

The district leaders communicated the challenges they faced implementing math reform
district wide. The math specialist had difficulty assisting several schools at once due to time
constraints and physical location of the schools. The math coordinator shared her frustration of
implementing the reformed curriculum district wide. Some teacher did not use the reformed
curriculum and the professional support provided. The researchers appreciated their concerns and
offered alternate ways for district leaders to think about the challenges they encountered. The
researchers challenged district leaders current assumptions of math reform as implementation.
Furthermore, we shared our ongoing analysis of the institutional setting particularly with regard
to the lack of professional networks. We communicated the potential of the PTC to further the
district leaders agenda by sharing ongoing analysis of the institutional setting, and highlighting
the PTC as a resource. For example, we raised the issue of the teachers from the PTC becoming
teacher leaders. The district leaders began to conceptualize the PTC as a potential resource for
their agenda of math reform. At the same time, the researchers perceptions of how the district
leaders can provide resources to enhance the agenda of the professional teaching community also
changed.

New member-Contribute to joint enterprise of PTC through active participation in PTC
activities

The district leaders participation in the activities of the PTC characterizes new member
participation. During this phase, the district leaders started to attend and participate in the
activities of the professional development sessions of the professional teaching community.

Their participation included defining the domain and identifying issues within the
Professional teaching community. This means that they were figuring out what the PTC was
about and what issues that they were grappling with. For example, the district leaders initial
assumptions about the PTC as providing professional development from the perspective of
implementation was in conflict with the emerging joint enterprise of the PTC that was exploring
what it means to teach for student understanding. Therefore, the teachers and researchers shared
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stories of activities that they had engaged in and what they had learned about student
understanding with the district leaders. Story telling became a means of communication. By
doing so, the teachers and researchers communicated to district leaders why they were working
on an activity to communicate with the principals the need for instructional leadership.

The district leaders participation in the PTC professional development sessions influenced
the emerging joint enterprise of the PTC as well. For example, the math coordinator provided
suggestions on how to communicate with the principals. She provided insights from a district
leaders perspective. The Math coordinator was able participate in the PTC sessions because she
was beginning to develop a deeper understanding of the joint enterprise of the PTC. By
contributing her insights, she was also shaping the joint enterprise of the PTC as well.

In addition, the district leaders began to view the PTC as a potential resource to further their
own agenda of mathematics reform. This took place as they were able to listen to different
perspectives about math instruction within the district and they were able to communicate issues
of math reform from a district leaders perspective. For example, a discussion took place within
the PTC on how to assess students for conceptual understanding. The math specialist pointed out
that aligning assessment with teaching was a district wide issue.

As district leaders began to view the members of the PTC as potential advocates to further
their agenda of reforming math within the district, understanding the concerns and issues of the
teachers became necessary.

Empowered Member-Offer resources to support joint enterprise of respective communities

District leaders participation shifted to that of an empowered member. An empowered
member feels like he has a voice and the potential to take action to bring about change. The
district leaders started to develop an understanding of the joint enterprise of the PTC. They began
to offer material and leadership resources and opportunities to further the joint enterprise of the
PTC and agenda of the District leaders as well. For example, the math teacher recruited teachers
to take leadership roles within the district to conduct district wide professional development
sessions. Several teachers expressed an interest in taking a leadership role within the district. The
Math coordinator communicated that she had material resources such as video cameras that the
teachers could use to video tape each other teach. She also informed the teachers that they could
take an active role within the district to make decisions with regard to revising the district
prescribed instructional plan for math instruction.

Transformative member-take action

Transformative membership involves actually taking action to bring about change. In other
words, it is not just saying that you are going to do something but involves actually doing it.
District leaders provided material and human resources to further the joint enterprise of the PTC
and also the district leadership community. For example, the district coordinator provided
funding for a school principal, two teachers from the PTC and the math specialist to visit another
school district in a Western State to learn about instructional leadership with regard to teacher
leaders and principals as instructional leaders. The math specialist worked with several teachers
from the PTC to facilitate and provide district wide professional development.

Shifts in district leaders participation in the CoP

District leaders initially approached district wide professional development as
implementation of curriculum. Professional development consisted of doing activities with
reformed materials, and presentations on why the teachers should use reformed materials. There
was a shift to conceptualizing professional development to focus on student understanding and
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how to plan for it. There was a focus on examining student work and thinking as grade level

meetings.

Discussion

The shifts in the nature of interaction between the district leaders becoming part of the
Professional teaching community and the joint enterprise of the Professional teaching
community and district leadership community were jointly constituted. According to literature on
knowledge management (Axelrod, 2000;Ashkenas, Ulrich, Jick &Kerr, 2002; Wenger,
McDermott, Snyder 2002), as peripheral members from different communities of practice
become full members of a community of practice, it becomes a knowledge generative
community with a shared meaning. The joint enterprise of the PTC evolves so that it reflects
multiple viewpoints and agendas of different Communities of Practice. Furthermore, it affords
material and human resources that help sustain the professional teaching community.

Therefore, researchers must take into account the institutional setting of the school district
and the individuals who influence math instruction such as district leaders in order to maximize
resources and support to bring about changes in math instruction when attempting to establish
professional teaching communities through professional development. These relationships do
not naturally occur. Rather, what brings people together is a purpose for participation that is
mutually meaningful.
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THROUGH PSYCHOLOGICAL TYPE PREFERENCE LENSES
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The purpose of this study was to investigate teachers’ perceptions of change in their conception
and practice of mathematics teaching and learning throughout their careers and to explore the
role of their psychological type preferences in these perceptions of change. The findings from
two teachers showed considerable influence of their psychological type preferences in the way
they changed their teaching and learning mathematics. We argue that efforts to bring about
development in teaching practices must consider knowledge of the teachers’ psychological types
along with the teachers’ prior knowledge and conceptions about teaching and learning.

Introduction and Background

According to the normative-reeducative perspective and naturalistic view of change (see
Richardson & Placier, 2001), every teacher experiences minor or major changes throughout their
career. This can be through: (a) natural circumstances such as, discussions with teachers or
experiences in or out of classroom, or (b) intervention programs. These circumstances and
programs may be perplexing and lead teachers to examine and reflect on their beliefs about
teaching and learning mathematics. Nevertheless, while the literature further suggests that
change in teachers’ conceptions and practices is gradual and idiosyncratic, we still do not know
much about issues of why some teachers change more than others, and why some professional
development programs or other circumstances bring about a significant change for some teachers
but not others (Grant, Hiebert, & Wearne, 1998).

Further, research on change in teachers’ beliefs and individual differences in change raised
the need for exploring the change in individual teachers’ conceptions and practices together with
considering teachers’ individual functioning and personality characteristics (Cooney, Shealy, &
Arvold, 1998). Very little attention, however, has been given to personality characteristics and
individual differences in psychological functioning in investigating teacher change (Evans &
Hopkins, 1988). In this study, we explored teachers’ perceptions of changes in their conception
and practice of mathematics teaching and learning throughout their careers, and attempted to
understand the role of their personality characteristics in these perceptions of change.

Methods and Data Sources

This study reports data on two experienced high school mathematics teachers’ change
histories. The Myers-Briggs Type Indicator (MBTI) (Myers, McCaulley, Quenk, & Hammer,
1998) was used to identify personality characteristics of the teachers (Mr. Miller and Mrs. Jones)
while their perceptions of change in their conceptions and practices about teaching and learning
mathematics were explored using semi-structured and informal interviews, an reflective survey,
and classroom observations. The main focus of the interviews was the critical incidents that had
a bearing on the teachers’ change. Data were analyzed during and after collecting data. A list of
codes was developed using all data. Based on the focus of the research, the codes were revised,
refined, and sorted into four coding categories: (a) needs and expectations, (b) support, (c)
constraints, and (d) change orientation. Each teacher’s profile was developed using these
categories, and significant facets of the teacher’s mathematics life histories were illustrated.
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Finally, the teachers’” MBTI types or psychological type preferences were identified, and

accordingly the teachers’ change histories were evaluated in the light of their MBTI types.
Results and Conclusions

The analysis of the results suggests that Mr. Miller and Mrs. Jones changed their conceptions
of mathematics teaching and learning at several points in their career. However, the way of their
change was considerably different. After the change in the state’s curriculum, accumulated
personal experiences that involved Mr. Miller’s successful teaching attempts with investigative
materials, and dissatisfaction with students’ previous learning and test results, he experienced a
significant change in his conceptions about teaching and learning. Furthermore, the close and
comprehensive support of the school principal, the university faculties, and colleagues
strengthened his new conceptions. The natural circumstances that affected Mrs. Jones’s
conception of teaching and learning were the ones in which she was involved in the process of
designing and experiencing the activities. Further, the incidents where ideas were exchanged
evenly in a risk-free context (e.g., working with student teachers), where she could discuss the
applicability of ideas based on her imaginative projections of their use in her classroom, seemed
to prompt and support her change.

These findings indicated that these teachers’ psychological type preferences show
considerable promise in understanding issues regarding their change processes. Mr. Miller’s
change was considerably prompted and supported by two factors — cooperation and accumulated
experiences — which were key indicators of his psychological type preference, Extraversion-
Sensing-Feeling-Judging (ESFJ) (Myers et al., 1998). Changes in Mrs. Jones’s conceptions came
from three factors — being part of the process and influencing the change, independence, and
reasonableness — which were in accordance with her psychological type preference,
Extraversion-Intuition-Thinking-Perceiving (ENTP).

The findings of this study showed that to achieve development and, in some cases, to
promote a movement toward being a reflective connectionist (Cooney et al., 1998), when
teachers face new or perplexing situations and attempt to make sense of these situations, it is
necessary to support their needs and expectations associated with or arising from their
psychological type preferences. Findings also point to the need for further research into the
associations between teachers’ change processes and their psychological type preferences.
Efforts to bring about development in teaching practices must consider knowledge of the
teachers’ psychological functioning along with the teachers’ prior knowledge and conceptions
about teaching and learning. The results suggest the need for systematizing the existing useful,
however disordered and obscure bulk of information about effective professional development
programs, to develop an integrated system which takes individual differences into consideration.
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Researchers have documented challenges teachers face when enacting reform practices (Cohen,
1990; Fennema & Scott Nelson, 1997). Some claim that teachers teach in ways similar to how
they experienced teaching during their own schooling and hold beliefs consonant with such
practices (Borko & Putnam, 1996; Thompson, 1992). For most current teachers, that instruction
was more traditional than reformed. Hence, the phenomenon of “teaching as one was taught,” is
a significant obstacle to reform. Some evidence suggests that teachers who experienced reform
instruction are better-positioned to enact reform-oriented practices (Schifter, 1993; Stigler &
Heibert, 1999). What happens, however, if someone who experienced reform-oriented instruction
attempts to teach in traditional ways? As students who experienced reform enter the teaching
profession, what will happen if they are in school settings that promote traditional instruction?
This study examined a teacher’s practices and beliefs (whose own mathematics education had
been reform-oriented) as he tried to implement traditional instruction.

Theoretical perspective and methods

Similar to prior research (Cohen, 1990; Fennema & Scott Nelson, 1997), this study examined
factors shaping a teacher’s practices as he implemented practices novel to him. This participant-
observation research was approached from the perspective that beliefs shape teachers’ practices
in important ways (Thompson, 1992). The study was conducted at a large U.S. university. The
participant, “Alex” (a pseudonym), was a mathematics doctoral student and had five semesters of
teaching experience but was teaching a content course for pre-service elementary school teachers
for the first time. Instructors for this course teach small (25-student) sections and are supervised
by a faculty member. Course supervisors hold periodic meetings and conduct observations. I was
a faculty member assistant to the course supervisor and I conducted observations of some
instructors.

I first observed Alex during the fifth week of the semester. During the 90-minute class, I took
fieldnotes on his practices and interactions with students. Afterwards, we discussed the class. |
visited Alex’s class again, took fieldnotes, and met with him afterwards. In between visits, we
discussed lesson plans via email. After the semester, I interviewed Alex to obtain data about his
beliefs and instructional practices. The interview was audio-recorded and transcribed. Data
analysis of fieldnotes generated descriptions of Alex’s typical instructional practices by first
constructing “parsings” (Schoenfeld, 1999) of each class. This representation captured
instructional routines and how time was apportioned during class. Notes from post-observation
discussions and interview data were sources of warrants for claims about Alex’s prior learning
and teaching experiences as well as his beliefs about learning and teaching.

Evidence

First observation: Initial observations of Alex’s class suggested that he was a novice teacher
having a difficult time engaging with students. He struggled to maintain students’ attention, with
many talking amongst themselves and doing work for other classes. Alex’s dominant
instructional routine entailed presentation of rules, followed by presentation of examples
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illustrating the rules. From our discussions, I confirmed this routine to be Alex’s typical practice
in this and previous courses.

The day’s topic was geometric transformations. Alex began by presenting rules for rotation
around the origin. He then showed examples of rotations, requesting computational answers,
point by point, from students. When students struggled to find an answer, Alex provided it
himself. He repeated this routine for 60 minutes. The last 30 minutes involved discussion of an
exam.

Post-observation discussion: 1 suggested that Alex give students more opportunities to solve
and discuss problems. He believed that doing so was “not the way teaching should happen” in
this country.

In addition, he believed (from conversations with colleagues) that posing challenging
problems generated frustration and negative student reactions. He also thought it was
inappropriate to “put students on the spot” by asking for explanations since that could be
interpreted as confrontational. He believed his role was to present rules and solve simple
problems and that other activities were likely to be criticized by faculty and students. Alex was
generally disappointed with his teaching, but believed he just needed to “make clearer
presentations” to improve. Since what Alex reported were not the course supervisor’s intentions,
I encouraged him to have students work on problems collaboratively and present their solutions.
We discussed lesson plans and strategies for engaging students. Since researchers have
documented significant difficulties that even strong and experienced teachers have implementing
reform-oriented practices, it seemed unlikely that a relatively inexperienced teacher who was
struggling as much as Alex would succeed in transforming his practices in a short period of time.

Second observation: It was, therefore, quite surprising that during my observation several
weeks later, I watched Alex orchestrate dramatically different learning opportunities for his
students. The classroom atmosphere was different, as were the ways Alex engaged students. The
t