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Abstract

In this paper, we contribute to the need for research-based models of structures that support mathematics teachers’ examination of professional practice and student learning.  We present the main features of a professional development model that focuses on building a community of university researchers, future teacher educators, and practicing teachers of mathematics; that engages future teacher educators and practicing teachers in becoming increasingly aware of how students’ construct mathematical ideas and reasoning; and that engages teachers in specific ways to incorporate their increased knowledge of students’ thinking into their classroom lessons.  We illustrate how, through the model, teachers become involved in reflection, lesson study, and analysis of student discourse and inscriptions.  From the analysis of two episodes, we give examples of how teachers attend to students’ mathematical reasoning in sophisticated ways, crucial for effective shifts towards teachers’ practice that center on student thinking.  Finally, we indicate what we have learned from the teachers with whom we work.
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Pedagogical changes along lines advocated by reformers of mathematics education pivot, among other factors, on changes in teachers’ perspectives.  These changes require greater attention to what mathematics students learn and to how that learning occurs.  Such changes hinge on opportunities for ongoing mathematics teacher development for prospective as well as practicing teachers (Simon & Tzur, 1999).  A crucial challenge for professional development includes ways for teachers of mathematics to shift from concentrating primarily on the mathematical scope and sequence of classroom instruction to focusing on the development of students’ mathematical ideas and forms of reasoning (Stigler & Hiebert, 1999).  Similarly, mathematics teacher educators need to build research-based understandings of how to work with teachers so that they attend to students’ thinking and use this knowledge to inform their pedagogical practice (Jaworski, 2004; Wood, 2004).  In this paper, we contribute a research-based, professional development model for mathematics education that aims to engage teachers in attending to and reflecting on the development of students’ mathematical ideas and reasoning and to use their reflections to influence their teaching practice.

The Model:
In our model, a professional development community is comprised of university faculty in mathematics education, graduate students, and classroom teachers.  In this paper, we shall refer to the university faculty as teacher-researchers, to the graduate students as graduate-interns, and to the classrooms teachers as teacher-interns.  Our model occurs in three nonlinear, overlapping phases.  In phase 1, teacher-researchers study the development of students’ mathematical ideas and reasoning in what we call research sessions.  In these sessions, teacher-researchers invite students to work on specific mathematical investigations.  These investigations are designed or selected by the teacher-researchers and organized into content strands.  During the research sessions, teacher-researchers conduct observational studies about what mathematical ideas students build collectively and individually and how they reason about these ideas.  It is not the intent of teacher-researchers to teach explicitly particular content, but rather to attend to students’ thinking.  Throughout research sessions, each graduate-intern and teacher-intern observes a particular group of students, writing detailed field notes.  Research sessions are videotaped and student inscriptions are stored electronically.

In the phase 2, our model has three modalities for engaging graduate-interns and teacher-interns in reflecting on student thinking.  The first involves what we call reflection sessions, which occur immediately after research sessions and are likewise videotaped.  During these sessions, together graduate-interns, teacher-interns, and teacher-researchers discuss their observations and reflections on the research sessions.  The deliberations of these sessions inform and modify plans for subsequent research sessions.  In the second modality of phase 2, graduate-interns and teacher-interns examine the mathematical tasks on which participants in the research session are invited to work.  In these lesson-study sessions (Lewis, 2002), they also plan lessons for students in the classrooms of teacher-interns based on research-session tasks and informed by reflection sessions.  During the third modality of phase 2, graduate-interns and teacher-interns describe videotape data of the research sessions, according to a particular analytic model (Powell, Francisco, & Maher, 2003).  Finally, in phase 3, one year after the start of our professional development project, teacher-interns enact their version of the research sessions for which they were observers, engaging a new cohort of student participants.

This report focuses on the first modality of phase 2, analyzing instances of teacher-interns attend and reflect on the development of students’ mathematical ideas and reasoning from their observation of research sessions.

Context:
Our model of teacher professional development emerges from a multi-prong research project.  The project, called “Informal Mathematics Learning,” is conducted in an after-school program in partnership between the Robert B. Davis Institute of Rutgers University and the Plainfield School District, New Jersey, an economically depressed, urban area, whose school population is 98% African American and Latino students.

Our objective in this paper is to provide and analyze evidence of teacher-interns attending to students’ mathematical reasoning.  The data come from the first year of our three-year project.  During that year, we held four cycles of research sessions.  The cycles 1, 2, and 3 comprised six to eight, one hour and a half sessions and occurred after school hours during the 2003-2004 school year.  Cycle 4 consisted of eight, three-hour sessions, occurring during the students’ 2004-summer vacation.  In the cycles, 1, 2, and 3, the mathematical context of the research sessions ranged from fractions ideas to combinatorial ideas and theoretical probability ideas, while in cycle 4, the research sessions engaged students in exploring empirical probability through computer simulations (Stohl & Tarr, 2002).  The thirty students who participated in our research sessions began as sixth graders in cycle 1 in November 2003.  Along with this first cohort of students, a few younger siblings also participated in the sessions.

Results:
Here we present two episodes.  Our first episode occurred during the second research session of cycle 2.  Students were asked to determine how many different pizzas that could be form if the pizza could have any of the following toppings: pepperoni, sausage, peppers, or mushrooms.  During the reflection session that followed, teacher-interns were discussing the behavior of two sixth graders, Channel and Kori, and a fourth grader, Nia, a sibling of a participant.  These students were able to successfully determine that 16 different pizzas could be formed.  After the students obtained a solution, a teacher-researcher extended the problem by asking the group what would happen if onions were added as a fifth possible topping.  The teacher-interns reported:

Teacher-Intern 1: One of the interesting things that came out of that group early on was that before they even said any numbers, Nia said she thought there was a way to multiply.  Nothing really came about it except that she thought there was a situation where, I would guess here or in class, in that she thought there should be a simpler way where she could streamline the process, instead of making all of these lists when all the other kids were by multiplying. And she did come up in the end with the fact that you would double the pizza toppings when you were adding onions.  For some reason, she didn’t want to double one.  She wanted to add one with one.  She did still double that, in essence. It was interesting to where she was getting ready to go with that. She wasn’t ready, because when you asked how, she was like, thinking but just couldn’t think of how she could apply it to that. And I’m still thinking of, you know…

Teacher-Intern 2: Cause the other kids said, what are you going to multiply? Pepperoni times peppers? You know, onions times whatever the toppings were? And you’re right. That shot her right down. But after, but she came to me and said, can’t you multiply it? Can’t you? And I said, Well why don’t you tell me? Can you come up with a way that you could multiply it? And she goes, Urrgh!, and walked off and left. And that’s how we left it.

We note three things about the preceding excerpt.  First, the teacher-interns not only reported on the actions that the students used to solve the new problem but also observed that Nia’s partially formed doubling idea was not used in the groups’ solution.  In particular, Teacher-Intern 2 provided an explanation of how the actions of Nia’s group members led Nia to abandon her idea of doubling the toppings.

Second, Teacher-Intern 1 reflects on Nia’s behavior from both a mathematical and a developmental lens.  Nia initially wanted to double the number of pizzas when a new topping was made available but instead decided to add the number of pizzas with four toppings to itself.  From a mathematical perspective, Teacher-Intern 1 realized that these actions are essentially the same.  However, he also recognized that from Nia’s perspective, her actions constituted something separate from doubling.

Finally, both teacher-interns considered Nia’s readiness to understand why doubling the number of pizzas with up to four toppings would obtain the number of pizzas with five available toppings.  Teacher-Intern 1 concluded that Nia did not seem to be ready because she couldn’t justify why her doubling procedure was applicable.  When Nia asked Teacher-Intern 2 if doubling would work, she responded by asking Nia to explain why this would be the case.  When Nia left in frustration, Teacher-Intern 2 did not pursue the issue.

The next episode occurred during a reflection session in cycle 4.  In the associated research session, students worked on making probabilistic inferences, using a computer-based simulation tool.  One investigation involved inferring, by sampling, the number of marbles of each color in a bag containing 100 marbles.  During a reflection session, a teacher-researcher observed that one group of students used samples as large as 1000 and asked teacher-interns whether they noticed other students using “very large samples.”  A graduate-intern noted that two students, Adanna and Chanel, used samples of 500 and these students agreed that black marbles occurred most frequently.  However, the students did not address how many marbles of each color were in the bag.  He indicated that when he asked the two girls to address the question of how many black marbles are in the bag, their response was to gather smaller samples, running trials of size 10 and then size 1.  He noted that students were looking at the relative distribution of different color marbles and not the number of marbles.  At this point, Teacher-Intern 3 intervened and observed that each of the two girls gave different answers in their presentations to the entire class.  She reported that Channel said that the bag contained 8 blacks and 2 reds, while Adanna indicated 6 blacks and 4 reds and further indicated each girl was committed to her result.  The following transcript is from the reflection session:

Teacher-Intern 3: In their presentation someone asked them a question. I didn’t hear the question, but it might have been something about why they didn’t agree. Why they didn’t have the same something. So, ah, Channel said, “I think there’s eight black and two reds.” And, Adanna said she thought six black and four reds. But it was like, I wanted to ask questions, because ah Adanna said six to four, first, Six by two, four, first. And then, Channel said, No, I think it’s eight. I am thinking there’s eight black, you know.” So, she was, she had like emotion for lack of a better word or something. So, I was thinking, I wanted to know what her explanation to why it couldn’t be six to four. Why it could not be, because clearly they both agreed that black was more likely, but it was how much more likely that I was more interested. 

This episode and quote indicate the observations and engagements of a graduate-intern and a teacher-intern with the ideas and reasoning of the students they observed.  We see evidence of a teacher-intern desiring to attend to students’ mathematical reasoning.  Both interns sought clarification from students about their mathematical activity, asking them to provide explanations for their decisions and actions.

Discussion:
Research in mathematics education has indicated that for student-teacher interactions to be effective, teachers must attend to the mathematical reasoning of their students (Martino & Maher, 1999; Wood, 2004).  In this paper, we have provided episodes of teacher-interns in our program attending to students' mathematical reasoning in sophisticated ways.  Our professional development model provides a lens for teacher-researchers to be aware of teachers’ attention to students developing ideas.  We believe that this result is at least partially due to the nature of our teacher development program, in which teacher-interns are actively observing students in innovative classroom environments, studying lessons, and experimenting with new lessons in their regular classrooms.

While we believe that we have positively contributed to the professional development of the teacher-interns, we should also mention that the teacher-intern's presence has been beneficial to us.  For example, these practicing teachers were instrumental in the choice of which students should work together, since they attended to characteristics and emotions of the students that we would not have considered.  Also, observing these teachers helped us understand the cultural norms in this urban teaching environment and what types of student behavior were considered to be acceptable.  Hence, the model that we propose in this paper led to the professional growth of both the teacher-interns and the teacher-researchers.  We believe that the partnership that we described is a promising model for future teacher development programs.
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