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ABSTRACT 
 

This teacher research study examines the math talk of students in an after school 

Math Club with a focus on geometry. The first research question addresses the processes 

the students use to facilitate their talk about mathematics, while the second research 

question explores the classroom environment and the contextual factors that influence the 

students’ math talk. This qualitative case study describes students’ math talk in whole 

group discussions and within small groups over a period of five months. 

 Ethnographic methods were used in data collection and analysis of audio and 

video recordings, transcripts, student artifacts, observational field notes and teacher 

journal entries. This study took place in a small urban school in the Southwest with 

twenty students from fourth and fifth grades. The population of the club included 17 

Hispanic students, one African American student and two Native American students.  

 Drawing from sociocultural theory, the findings of the study suggest that math 

talk occurs within a community of practice. The analysis focuses on math talk through 

the students’ use of multiple processes as they communicate with their peers. These 

processes include visual cues, connecting language to mathematical concepts, opening 

space for peer understandings through invitations and negotiating multiple 

interpretations. The analysis also suggests contextual factors in the classroom 

environment that influence math talk. In examining three sets of sessions with different 

mathematical tasks, five factors were identified; characteristics of the mathematical tasks, 

the routines of the club, the space for the whole child, the role of the teacher and the 

students’ engagement with the mathematical task. 
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 The implications indicate that the role of the teacher shifts to creating 

participation structures to establish the mathematical context that supports math talk, 

developing an understanding of the ways in which mathematical tasks work, and 

demonstrating ways of using recording devices. Teacher research provided the 

perspective from which I explored the students’ interactions within the context of the 

Math Club, and provides the frame through which I reflect and share my understandings 

with others. 
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CHAPTER 1  INTRODUCTION: IS THIS MATH TALK? 

Graciela: It looks like a trapezoid. 
Kahn: Can you tell me more, Graciela? 
Adeline: No, it’s not. It’s an exsquiglio! 
Graciela: Because a trapezoid has lines and things [Moving her arm in a 
downward motion.]  
Kahn: It has a slanted line. What else does a trapezoid have? 
Adeline: It looks like a mouse! It does look like a mouse!  
Graciela: Come on!  
Adeline: Look! Look! Look! 
Graciela: But, you’re supposed to talk about math! 
Adeline: Here’s the little nose, here’s the body (Giggling). Oh! Oh! Oh!  
Graciela: It has four sides. 
Adeline: Four sides, and, and a little tail. (11.25.03; lines 291-310) 

 
This conversation took place during a pilot study exploring the talk that students 

engage in around mathematics. The students were discussing how to describe a shape that 

had been created, a quadrilateral. The conversation that surrounded this excerpt really 

puzzled me. There did not seem to be much talk about the mathematics within this task 

and yet the students always seemed to be engaged in describing the shapes they had made 

on the geoboard. How, I thought, could they have done the tasks, but not really talked 

about them? I questioned whether any of the conversations could be considered to be 

about mathematics (2003).  

My interest in students’ talk about mathematics stems from many years of 

teaching in the elementary classroom as well as from discussions in professional 

development settings. There were many questions that I could not answer about the 

mathematical discussions in which my students and I were engaged. I realized this was 

not a simple undertaking, because while I could think about myself as a teacher, I was 
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more interested in how to influence the discussions when I was not present. I wanted to 

look deeply at the complexity of how my students engaged in and became more 

proficient at mathematical communication. This teacher research study reflected those 

interests and focused on the processes the students used to talk about mathematics and the 

characteristics of an environment that supports math talk. 

Background of the Study 

A research project in which I looked at the talk of teachers (Birchak, Conner, 

Crawford, Kahn, Kaser, Turner, & Short, 1998) created a strong interest for me in how 

talk can provide insights into participants’ learning and thinking processes. Further, the 

participation in this research project was crucial to developing an understanding of the 

methodologies used to analyze qualitative studies.  

My involvement in three studies has further supported my understanding of talk.  

The studies include a teacher research project exploring how math talk supports students’ 

understandings of literature, a multi-year study that provided an avenue for connecting 

students’ lives at home with school, and the aforementioned pilot study that explored how 

students engage in math talk in small groups during an after school Math Club.  

In the teacher research project, Mathematics as Life: Children’s Responses to 

Literature (Kahn, 1994), I explored how sixth grade students came to understand 

literature through the connections they made to mathematics. The findings from this 

study included an analysis of teacher talk and student talk. While this study did not solely 

focus on the interaction of my talk with the students, one of the themes that emerged 

indicated that my talk supported the students through providing information, reflecting or 
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restating their ideas, and elaborating their comments to “stretch” the students. In 

analyzing the students’ talk, the data indicated how the students used both mathematical 

vocabulary and constructs as well as problem-solving strategies in their discussions, 

writings and presentations about the literature.  

During my participation for the five years of Project BRIDGE, Linking home and 

school: A bridge to the many faces of mathematics (Civil, 2001), I was able to learn 

about my students’ parents and families through dialogues that began with ethnographic 

interviews. The families and I were able to incorporate household knowledge into the 

educational goals in the classroom. The joining together of what the students needed to 

learn from both the parents’ perspective and my perspective was a very powerful tool in 

shaping the classroom interactions. As the students’ parents became regular participants 

in my classroom, the students were able to make their own connections between school 

mathematics and home mathematics. The instructional activities that were grounded in 

real life problems were authentic and an undeniably real link between the home and 

school.  

It was through this project that I began to develop my understanding of the 

sociocultural context in which my students and the classroom were embedded. Whereas 

before the study I thought my work was simply to teach the students, I came to realize 

how the work that we did together to create a garden unit created an environment that 

supported students more fully. Their parents became partners in the education of their 

children and I, as their teacher, became part of the family structure of those students 

whose families I interviewed.  
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In the most recent teacher research study in which I developed the pilot Math 

Club, I offered an after school mathematics club to a small number of fourth and fifth 

grade students. Although the amount of time with the students was limited to six sessions, 

the students were given experiences that provided for math talk. The focus of the pilot 

was to explore the ways in which talk can be analyzed and interactions studied, but the 

necessity of negotiating sociomathematical norms (Yackel & Cobb, 1996) was evident in 

the data. While the students conjectured, attempted to make sense of each other’s 

solutions, and defended their positions publicly, this talk occurred usually in my 

presence. Additionally, as the mathematical tasks moved to a focused exploration of 

properties and attributes of shapes, the students were not able to sustain a discussion. 

These findings led me to wonder how the math talk of the club was influenced by the 

mathematical tasks.  

The focus of this study, therefore, was to examine both how students engaged in 

talking about mathematics and how the environment supported this communication. This 

teacher research study took place with intermediate grade students in an after school 

Math Club which focused on geometry. 

The research questions that guided this study were: 
1. What processes did students use to facilitate their talk about mathematics? 
2. What are the factors in the classroom environment that influenced 

students’ math talk? 
Theoretical Framework 

My teacher research study draws from theoretical frames that have guided me as 

a teacher and therefore deeply influenced the organization and development of the Math 
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Club. The theories reflect my beliefs about the processes students use to communicate 

mathematically and the context within which this communication takes place. I begin 

with the theoretical perspectives that have informed my study and conclude with research 

on classroom discourse in mathematics. 

The two major theoretical frames that are significant to this study are 

constructivism and social constructivism or the emergent perspective. Constructivism 

focuses on the way in which knowledge is developed.  This theory was most powerfully 

influenced by Jean Piaget, who focused on the child and claimed that knowledge is 

developed through the child assimilating what is known into an existing understanding, a 

schema, and accommodating the unknown by the restructuring of these understandings. 

Constructivism uses the metaphor of construction in the building of mental structures. 

The term restructuring is a “symbol for accommodation or conceptual change” (Ernest, 

1996, p. 335). In this recursive process, students’ understandings become the structures, 

and they, in turn, become the content in subsequent constructions upon which new 

learning occurs. The students become active participants in the process of constructing 

their knowledge (Stigler, Fernandez, & Yoshida, 1996). 

The emergent perspective or social constructivist approach evolved from a 

constructivist and interactionist position and reflects a coordination of these two 

perspectives (Cobb, 1995; Cobb & Bauersfeld, 1995). The symbolic interactionist 

perspective suggests that meaning is developed from interactions and their interpretations 

(Blumer, 1969). Within a social constructivist frame, language and the classroom social 

climate support the students as they acquire mathematical structures that are more 
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“complex, abstract, and powerful than the ones they currently possess” (Clements & 

Battista, 1990, p. 335).The conversations are a shared social activity and students discuss, 

collaborate, and negotiate shared meanings and reflect on what makes sense in 

mathematical tasks (Clements, 1997). Ernest (1996) proposes that language may be 

thought of as the shaper and “summative product” of individual minds and that much 

instruction and learning takes place through language. Finally, mathematics consists of 

constructing patterns and developing relationships that are part of the process to make 

intellectual progress (Wheatley, 1990)  

Cobb and Bauersfeld (1995) identify sociological analyses of the classroom 

community from an interactionist perspective as those viewing the communal processes 

from an outside view and offer the psychological constructivist perspective as an 

analytical stance to examine an “individual student’s constructive activities” (p. 7). In a 

coordination of the two frames, the sociological and the psychological, the observer 

determines the focus. When the observer’s focus is on the individual, the social or 

communal processes recede into the background and vice versa. The perspectives are 

reflexive in that changes in one precipitates changes in the other and neither exists 

without the other.  

A powerful theory that also framed this study is the sociocultural theory as 

postulated by Lev Vygotsky (1978). Sociocultural theory suggests that learning and 

understanding are essentially social and cultural activities. Within these cultural activities 

are signs and language that serve to mediate social contact with others by connecting the 

external and internal as well as the social with the individual (Wertsch & Stone, 1985). 
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The sociocultural framework brings together social interactions with cultural artifacts of 

speech, mathematical symbols and written language, “the agents and the mediating tools 

engaged in activity can be examined as a unitary whole” (Forman & Ansell, 2001). 

Vygotsky (1978) developed the concept of the zone of proximal development in 

which students’ work with collaborative others, adults and more capable peers offers the 

greatest potential for learning. With a more able peer, students are supported as they learn 

new concepts. Students in collaboration with their more competent peers and adults, 

support one another as they reach for new understandings of concepts (Moll, 1990; Moll 

& Whitmore, 1993; Yackel, Cobb, & Wood, 1991). 

It is the distance between the actual development level as determined by 
independent problem solving and the level of potential development as 
determined through problem solving under adult guidance or in collaboration 
with more capable peers…The actual development level characterizes mental 
development retrospectively, while the zone of proximal development 
characterizes mental development prospectively (Vygotsky, 1978). 
 
Lave and Wenger (1991) extend the concept of the zone of proximal development 

to argue that all learning is situated in communities of practice and suggest that the 

process by which students become part of the community is through legitimate peripheral 

participation. Legitimate peripheral participation considers the relations between 

newcomers and old-timers as they address “activities, identities, artifacts and 

communities of knowledge and practice” (p. 29). As the students interact with each other 

in contexts such as the Math Club, they offer multiple resources that support the groups’ 

conversations. Those students with more mathematical experience provide different 

language about and perspectives of the mathematical tasks. They are more familiar with 

the concepts and bring other less familiar students into mathematical conversations. 
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Additionally, as the students take more responsibility for the mathematical discussions 

they influence the conversations of those around them.  

Each perspective frames students in a different way. Through the emergent 

perspective, educators shift between two views of the student, one that explores the 

individual and one that looks at the interactions within a particular microculture, the 

classroom. The sociocultural perspective allows the student’s activity to be framed in 

broader cultural settings as the students engage in situated learning through legitimate 

peripheral participation. These perspectives provide the theoretical bases for this teacher 

research study.  

Within a sociocultural frame, interactional sociolinguistics also informed my 

study. Based in anthropology, sociology, and linguistics, interactional sociolinguistics 

provides an understanding of conversations within a specific interaction that includes 

how “language is situated in particular circumstances of social life, and how it reflects, 

and adds meaning and structure in those circumstances” (Schiffrin, 1994). Erving 

Goffman (1974) offers the notion of “frames” to analyze “the principles of organization 

which govern events – at least social ones – and our subjective involvement in them” (p. 

10-11). These frames reflect culturally determined ways to interpret familiar interactions, 

for example, joking, lecturing, teasing and allow participants to disambiguate others’ talk 

(Jaworski & Coupland, 1999). 

Review of Related Research 

Before I engaged in this teacher research study, I was convinced that my role as 

the teacher would be the pivotal point for the success of the club. The research on 
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professional development for teachers in elementary school mathematics supports the 

critical role of the teacher and the importance of the teacher’s mathematic knowledge 

(Ball, 1996; National Research Council, 2001; Schifter, 1996). I needed to understand the 

mathematics, know how to talk with students and understand the many ways to use 

mathematical tasks (Stein, Smith, Henningsen, & Silver, 2000). As I read research on 

reform classrooms about how teachers interact with students, I realized that the teacher is 

but one part of the environment in which students learn mathematics. I turned to research 

that reflected how the students come to interact with each other. Fortunately, there have 

been studies across both issues and in this section I draw from these bodies of research.  

Teachers’ Interactions with Students 

Two major documents that grew out of reform efforts in mathematics education 

suggest increasing mathematical communication for students. Originally published by 

National Council of Teachers of Mathematics (NCTM), Curriculum and Evaluation 

Standards for School Mathematics (NCTM, 1989) and Professional Standards for 

Teaching Mathematics (Professional Standards) (NCTM, 1991) were revised into a 

single document Principles and Standards for School Mathematics (NCTM, 2000). These 

documents offer specific contexts related to communication, problem solving and 

representation in the elementary school and beyond.  

In Principles and Standards for School Mathematics (Standards) (NCTM, 2000), 

the communication standard proposes that students have opportunities in which they 

communicate to both organize and consolidate their understandings of mathematics and 

discuss their findings with peers and others. The expectation is that students will analyze, 
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make conjectures, evaluate the mathematical strategies presented by others, and use 

mathematical language to express their ideas. 

I began my exploration of the professional literature through this frame. The 

standards discussed within these documents provided a way for me to think about my role 

in the classroom and in the Math Club. Although some of my previous interactions had 

been with students involved in problem-solving tasks, my teaching and the instructional 

frame more closely resembled a traditional framework for many of the years that I taught. 

These standards provided the potential for how I might interact differently with students 

within this study.  

Classroom Talk About Mathematics 

Talk plays a central role in the reform-oriented classroom because it provides 

students with avenues through which to ask a question, explain a solution, and negotiate 

understandings with others. Students therefore must have multiple opportunities to 

develop their opinions and skills in conversing to support their ideas as well as to refute 

ideas. Through these conversations, students become more articulate about their 

understandings, examine gaps in their knowledge and revise their ideas (Barnes, 1992). 

Mathematical knowledge, therefore, may be co-constructed with peers and addressed in 

this communication (Goldsmith & Schifter, 1997; Silver, 1996). By contrast, the talk of 

traditional mathematics classrooms focuses on what is said by the teacher, while the 

students’ role is relegated to rote memorization with drill and practice worksheets or texts 

that serve the same function. Communication in this situation does not address the 
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communication standard, because the need for students to communicate with each other 

is reduced (Goldsmith & Schifter, 1997) 

To specifically address what teachers, including myself, sounded like with their 

students, I examined research literature that described teacher interactions in a more 

traditional role to become more aware of my potential interactions with the students. I 

then proceeded to rethink the context of communication more broadly and read research 

that indicated how a teacher’s interactions might look in a classroom that reflected the 

reform initiatives.  

Forman (1996) claimed the mathematical conversations in a more traditional 

classroom were more likely to follow a recitation script as indicated by Mehan (1982). In 

a description of student and teacher interactions of a first grade classroom, Mehan 

determined a three-part instructional sequence in which the teacher begins the sequence 

by asking a question, the student responds and the teacher evaluates the response. In this 

interaction, the teacher participates in a well-rehearsed role, “an Initiation Act, a Reply 

Act and an Evaluation Act” (p. 69). However, in a classroom that reflects the 

mathematical reforms where the teacher works to implement the communication 

standard, the recitation script has a minor role (Cazden, 2001). 

An additional role that has a minor place in a classroom that addresses the 

communication standard is the “funnel pattern.” The funnel pattern serves to move 

students through a series of questions through which ultimately the student comes to the 

answer the teacher was looking for when the original question was posed. This 

interaction does not promote talk and limits the capacity of the students to engage in their 
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own thinking and reasoning within the conversation with the teacher (Bauersfeld, 1988; 

Wood, 1994). 

As the aforementioned literature describes, students are engaged in multiple 

opportunities for mathematical discourse and the environments reflect this change. Knuth 

and Peressini (2001) proposed that it was through the social interactions in a classroom 

that students develop their mathematical understanding. They proposed a dual nature of 

discourse in the classroom represented by a continuum between univocal and dialogic 

discourse whereby the dialogic had the predominant role. They contended that speech 

patterns grounded in the dialogic function of discourse generate meaning within a 

discussion; whereas the univocal convey a static message as in an explanation. 

To look beyond these patterns of interactions, the research on which I began to 

focus reflected a different kind of interaction between the teacher and the students. In this 

pattern the teacher moved to align the students with each other while the students were 

engaged in the mathematical content. The students were socialized into speaking and 

thinking in particular ways through revoicing (O'Connor & Michaels, 1993). Basing their 

work on Goffman’s participant framework (1974), O’Connor and Michaels used the 

concept of animation to give the students “ a voice.” In this puppeteering metaphor, 

students were given a voice, animated, and cast in a role of the mathematical discussion. 

O’Connor and Michaels (1996) suggest revoicing serves to reformulate the mathematical 

task in three ways: by aligning students with one another, developing opposing views, or 

restating a previous contribution of a student. In using the words of another, the student 

in this case, the teacher reframes his or her position or mathematical argument, either 
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directly, “Maria says…” or indirectly, “Maria claims…” This specific interaction 

provides the student, whose voice is animated, a space in the discussion to agree or 

disagree with the teacher and accept how the statement has been reframed. In more 

traditional classrooms, the teacher often has the final word (Forman, 2003). 

In related research (Forman, 1996; Forman & Ansell, 2001; Forman, 

Larreamendy-Joerns, Stein, & Brown, 1998) a pattern of discourse was identified that 

more closely resembled discussion orchestration in mathematics classrooms with the 

teacher as a conductor of a band leading students in an orchestrated piece. This research 

legitimatized the students’ talk while serving to de-emphasize the more teacher-

dominated talk. Their research described interactions as students participated in tasks and 

represented what they learned while they listened to classmates, supported their own 

positions and negotiated understandings of multiple solutions. Forman and her colleagues 

contend that because the classrooms were representative of reform mathematics, students 

used the mathematics register more frequently and as a tool for their thinking and 

reflection. The teacher became a part of the mathematical discourse, instead of a delivery 

vehicle of content knowledge. Because the whole class and small group was focused on 

mathematical problem-solving tasks, these discursive practices were developed and 

negotiated through the activities of a community of practice (Lave & Wenger, 1991). 

By exploring different patterns of communication in which teachers engaged in 

conversations with students, I found myself wanting to communicate with students in a 

more powerful way. In planning for the study, I realized that while I had many skills in 

communication, I wanted to be more effective in orchestrating discussions in which I was 
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a member. I anticipated that my time with the students in the Math Club would provide 

for many opportunities to explore different ways of interacting.  

Teachers’ Interactions with Students Through Talk 

As a mathematics educator and researcher, Lampert (1990, 1998, 2001) explored 

how she encouraged students to express their ideas mathematically and with their peers. 

She suggests that an environment that supports the practice of increased mathematical 

communication needs to include mathematical conversations with the teacher and 

between the students. She specifically focused on the kind of talk that occurred about 

mathematics through her attempts to communicate with her students in speaking and 

writing and with graphic representations. In her attempt to change the mathematical talk 

to one that more closely resembled talk within the mathematics discipline, Lampert 

delineated the various components that she found imperative as the teachers and students 

make a shift in their respective roles and responsibilities. In their new role they are 

expected to explain, defend, and work towards making their solutions to problems public 

and understandable to their peers.  

Through her research, she found the students asked for ratification of an idea 

from the teacher and other students; they treated rules, formulas, and facts as if they were 

arguments; they kept their thinking implicit or private; they disagreed by exerting 

physical force or political power over peers; and, finally, they engaged in stubbornness 

and face-saving behavior. In this social context Lampert created a culture in which 

specific content was taught as well as the ways to participate in conversations about 

mathematics. Her research deeply impacted my study as her work portrayed the context 
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in which the students became more articulate about their strategies as they defended their 

thinking. 

Rittenhouse (1998) focused on how the teacher interacted with the students as she 

switched between roles of participant in the mathematics discussion and commentator 

about that same discussion, stepping in and out of conversations. When the teacher, 

Lampert, stepped into authentic mathematics discussions, she provided opportunities for 

the students to interact with each other and modeled how mathematicians might interact. 

When she stepped out, she provided commentary on the interaction and more formally 

taught rules associated with the mathematics being studied and expectations of social 

interactions.  

In research that also examined the interactions between the teacher and students, 

Rittenhouse (1998) compared the conversations in the classroom to students learning a 

new language. In this comparison she referred to the work of Stephen Krashen whose 

term “comprehensible input” describes what novices pick up and make sense of during 

mathematical talks. She proposed that those students with the tools to talk about 

mathematics often spoke too quickly to be understood by the more novice members of 

the mathematics community, those without the tools. In a description of the classroom, 

she indicated that the teacher addressed the more novice members as well as the more 

skilled students by deliberately slowing down the conversation, using repetitions and re-

phrasing important aspects of the discussion. Her work suggests that teachers explicitly 

teach vocabulary and rules for conversational norms within the context of the 

mathematical discussion as they bring students into the mathematics discourse 
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community. Drawing from the work of Lave and Wenger (1991), Rittenhouse offered 

that, as teachers interact as conversational participants, they offer students legitimate 

opportunities and guide them into full participation within the various mathematics 

actions and talk in the classroom discourse community. 

Blunk’s (1998) research focused on how students learned to work productively 

with peers without the direct supervision of the teacher through a subtle shifting of 

responsibility for education to the students. This occurred through the teacher’s fostering 

of communication skills with the students by manipulating seating arrangements to 

reflect varied groupings and the implementation of specific group rules: students were 

responsible for their own behavior, must have a willingness to help others in their group, 

and refrain from asking the teacher for support unless everyone has the same question. 

Blunk, drawing from Vygotsky (1978) suggested that the creation of different peer 

groupings increased the likeliness that students would be working with someone who was 

within their zone of proximal development. As the teacher deliberately shifted the focus 

of the authority to the students and increased the mathematical task’s complexity, the 

students’ skills in communication improved. What had begun as sharing information with 

partners developed into learning how to argue and convince one another as they came to 

an agreement.  

As the mathematics conversations changed the classroom, the context for 

research in mathematics education reflected this change. Ball (1991), a mathematics 

educator, taught a third-fourth grade combination class and described how students 

engaged in talk beyond their responses to a teacher. Ball provided a transcript of 
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students’ understandings of a mathematical instructional task involving fractions. As the 

students struggled to become more articulate about their understandings of fractions, Ball 

claimed it was through this discourse that students’ knowledge was both constructed and 

exchanged in classrooms.  

One of the ways in which the students in Ball’s (1992) classrooms interacted with 

each other is through the use of “tools” that support their understandings. These tools 

may include manipulative materials and concrete models, graphs and pictures, and 

conventional and nonstandard notation. Ball’s research proposed a judicious use of these 

materials and the need for extended professional development and opportunities for 

teacher reflection to assure they are used well; “It is time to stop pretending that they are 

magic and turn to more serious and sustained talk and work” (p. 47). 

I chose mathematical tasks for the Math Club where students would use concrete 

objects or manipulatives as tools to help them think about and do mathematics as 

suggested by Principles and Standards for School Mathematics (NCTM, 2000). As they 

constructed and sorted Pattern Block shapes, made models of trapezoids and drew them 

on graph paper, and worked with diagrams, students would have multiple experiences 

with thinking and doing mathematics. However as Ball (1992) contends I could not 

assume that the students understood the mathematics simply because they had concrete 

materials to use in their tasks. 

Mathematical tasks represent a specific activity with the purpose of emphasizing 

a particular mathematical idea to students (Stein, Grover, & Henningsen, 1996). In 

research with middle school teachers, Stein (2001) determined that many factors 
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influence students’ use of manipulative materials. For students to become more 

systematic and productive, Stein suggests they need a great deal of time and the teacher’s 

support as they construct their mathematical understandings. Furthermore, Stein found 

that the overall success of the lessons was related to the amount of time the teacher spent 

in preparation for the lesson on both the cognitive and physical preparation for the use of 

the materials.  

In the analysis of mathematical tasks used in classrooms, Stein, Smith, 

Henningsen, and Silver (2000) found that task features and cognitive demands may be 

drastically altered from their presentation in curriculum materials by the way in which 

tasks are set up and implemented by the teacher. They categorized mathematical tasks 

along the lines of two extremes. Mathematical tasks that supported the highest level of 

student engagement were those where the students had multiple opportunities to make 

connections to understanding and mathematics. Tasks that required the least cognitive 

demand required students to engage in memorization.  

Students’ Talk With Each Other 
While choosing worthwhile mathematical tasks and their thoughtful 

implementation afford students powerful mathematical experiences in reform-oriented 

classrooms, the research indicates the teacher must also be aware of students’ 

communication skills as they develop their mathematical knowledge. Moschkovich 

(2002a) contends language-minority students’ participation within the mathematical tasks 

with peers extends beyond verbal exchanges. She suggests students’ communication 

resources or tools include gestures, the everyday register, and the students’ primary 
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language to expand “what counts as competence in mathematical communication” (p. 

197). 

Elbers and de Haan (2005) found that minority students whose first language was 

other than Dutch used gestures, the written assignments and drawings to support their 

understandings of the mathematical context in the classroom. In this context the students 

used their knowledge of mathematics to solve the tasks in their small groups, and relied 

on the social norms of collaboration to work together.  

As I wanted the students to engage in mathematical tasks that were of a high 

cognitive level, required math talk and necessitated written communication, the research 

literature offered guidance on what the students might talk about mathematically and how 

their conversations might sound. This provided the lens through which I could listen to 

the students and support their discussions. 

In a transition from a traditional to a reform mathematical education framework, 

recognizing different ways of communicating and changing the communication structures 

require more than engagement with problem-solving activities and putting small-group 

work into place (Yackel, Cobb, Wood, Wheatley, & Merkel, 1990). Research has 

explored how students and teachers negotiate social norms and reflected on what was 

important mathematically (Yackel et al., 1991).  

Yackel, Cobb and Wood (1993) examined mathematical learning in small groups 

and the construction of classroom norms for cooperation without a system in place for 

extrinsic rewards. In a yearlong research study in a primary classroom, this team created 

learning opportunities for the students who worked in pairs throughout the year. The 
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learning opportunities consisted of mathematical activities that required students to 

resolve tensions with their peers as they worked to solve problems with their current 

understandings of concepts and procedures, talk about their mathematical thinking, and 

explain or justify a solution that may have been made by other students. An important 

aspect for the standards of conduct was the mutual construction by the students as they 

engaged in cooperative activities to solve problems. In this classroom it was determined 

that it was more important to engage in meaningful activity than only finding the correct 

answer, persisting on a problem was more important than completing a large number of 

activities, and finally valuing consensus over individual answers.  

The context for learning of the classroom is more closely explained by Cobb, 

Wood and Yackel (1993). The students in this teaching experiment were given the 

responsibility and obligation to communicate their mathematical ideas. The teacher, a 

member of the research team, attempted to support their mathematical understandings 

and their cooperative work within their group as the teacher and students “talked about 

talking about” the mathematics. The social norms as well as the small group expectations 

were developed and renegotiated throughout the year. 

The intersection of the expectations for the social and mathematical standards of 

conduct, sociomathematical norms, related to the aspects of students’ mathematical 

activities and ways of discussing them through argumentation (Yackel & Cobb, 1996). 

As students worked with each other, they determined solutions that were personally 

meaningful to them, explained solution methods to their partners as well as tried to 

understand the solution the partner offered. From these concepts of social cooperation 
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and individual activity, the concept of sociomathematical norms was developed that 

reflected what counted as mathematically different, sophisticated, efficient and elegant as 

negotiated by the class. These, in turn, supported the complex mathematical 

conversations in which the students engaged.  

The sociomathematical norms are those standards the students and teachers 

mutually construct and renegotiate that relate to the talk around the mathematical task 

within an environment that support inquiry. Through these negotiations students learned 

to carefully consider each other’s solutions, discuss his or her own solution, think about 

the problem differently to better understand an erroneous solution, and finally go beyond 

one’s initial conceptual framework to support consensus building. 

In thinking about the Math Club in my pilot study, I realized that students did not 

talk to one another in ways that felt like conflict about mathematical ideas perhaps as part 

of their socialization at the school. They needed to have a framework within which they 

could work that developed both the social and mathematical expectations for discussions. 

The research acknowledged the necessity of the conversations that discussed how to 

engage in math talk.  

Through this review of the related literature I became more familiar with how I 

might interact differently with my students, the discussions in which they might engage 

mathematically about the tasks, and the means by which I might establish the 

environment to support the club. 
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Overview of the Chapters 

The following chapters in this dissertation provide an in-depth examination of the 

processes that students use to facilitate their talk about mathematics and the factors that 

influence the nature of the math talk.  These processes were examined within a teacher 

research study of an after school Math Club with fourth and fifth grade students. 

Chapter Two includes a description of the research setting and an explanation of 

the methodology of the data collection. It provides information about how the categories 

were developed through an analysis of the data. 

Chapter Three looks at the math talk as the students engaged in mathematical 

tasks within the after school Math Club. It addresses the first research question, “What 

processes did students use to facilitate their talk about mathematics?” The findings from 

this chapter are organized around four descriptive categories: Visual Cues, Connecting 

Language to Mathematics Concepts, Creating Openings for Peer Understanding of 

Mathematics, and Negotiating Multiple Interpretations. 

Chapter Four is focused on the second research question, “What are the factors in 

the classroom environment that influenced students’ math talk?” The findings are 

arranged across three sets of mathematical tasks. Within each set five categories were 

addressed: Characteristics of the Mathematical task, Routines of the Math Club, Space 

for the Whole Child, The Role of the Teacher, and Students’ Engagement with the Task. 

Chapter Five provides the summary of research and the findings from the data 

related to the processes the students use and the context within which they use them to 
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further their personal understandings of mathematics. I conclude with implications and 

recommendations for further research. 
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CHAPTER 2 RESEARCH METHODOLOGY 

Communication is an essential part of mathematics and mathematics education. It 
is a way of sharing ides and clarifying understanding. Through communication 
ideas become objects of reflection, refinement, discussion and amendment 
(NCTM, 2000) 
 
My interest in how students communicate mathematically has grown over the 

years through working with students as well as engaging in a teacher research study 

exploring students’ mathematical responses to literature (Kahn, 1994). Through this 

work, I became more focused on how students talk about mathematics in their classrooms 

(Wallace & Ellerton, 2004). To address this interest, I developed a teacher research study 

with twenty students in an after school Math Club. As a curriculum specialist at the 

school in which the club was held, I had a view from within the school community. I 

brought my experience over time with the students and a depth of knowledge about the 

school and its “learning agendas” to this research (Hubbard & Power, 1993, p. xiv). As a 

teacher researcher, however, I was more than an observer and participant in my inquiry; I 

was a member of the club and from this vantage point I explored the processes and 

context in which the Math Club took place.  

Teacher research can be described as a “systematic, intentional inquiry by 

teacher(s) (Cochran-Smith & Lytle, 1993, p. 5). In this role I looked to answer questions 

about math talk that developed from reflecting on my practice and working with 

colleagues. Although I continue to rely on the knowledge of others to guide my work, 

through this engagement in teacher research I wanted to become a generator of 

knowledge about ways to support the math talk of students. 
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The research design was a qualitative case study that was finite as “a single 

entity, a unit around which there are boundaries” (Merriam, 2001, p. 27). Through this 

design I gained an in-depth understanding of the case, an after school Math Club, and the 

math talk that occurred within this case. This research explored the conditions within 

which this math talk occurred.  

When I began the research, my questions focused on students talking 

mathematically in an after school club. My initial questions were: 

1. What is the nature of the talk within the mathematical environment of an after 

school Math Club?

2. What mathematics is reflected in their talk?

3. What is the influence of the talk of the teacher researcher on the mathematics 

discussions?

However, as I analyzed the data, I realized the most compelling and interesting 

aspect of the analysis was the specific math talk of the students. I found myself focusing 

on questions such as: What are the characteristics of mathematical tasks that do and do 

not support math talk? How and why does math talk change over time? Therefore, I 

addressed the first research question more fully. In doing so, the second and the third 

questions were addressed in categories of the newly formed research questions.  

The research analysis focused on the processes and the environment of the Math 

Club and in doing so my research questions became: 

1. What processes did students use to facilitate their talk about mathematics?
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2. What are the factors in the classroom environment that influenced students’ 

math talk?

This chapter has three sections. In the first section I describe the research context, 

in the second the data sources and in the third the processes I undertook to analyze the 

data.  

The Research Setting: An Urban Elementary School 

This qualitative study took place in an urban neighborhood school located in the 

southwest that had a pre-school program and kindergarten through fifth grades. The 

neighborhood consisted of many apartment complexes; some subsidized through federal 

grants, as well as older single-family homes. This neighborhood school had been in 

continuous operation for over eighty-five years and adjoined a small city park. The 

school was built around a grass courtyard, but outgrew this configuration to include other 

buildings that included a library, classrooms and portable structures that were used as 

classrooms. This Title 1school had approximately 96% of the student population eligible 

for free or reduced lunch, with a mobility rate of 58%. 

The school had approximately 370 students at the time of the study with two or 

three classes per grade level. The population was 90% Hispanic, 3% Native American, 

3% Caucasian, 3% African American, and less than 1% Asian/Pacific Islander. The Math 

Club was representative of the population at this school with 17 Hispanic students, one 

African American student, and two Native American students.  

As a curriculum specialist in this school I worked with teachers to develop yearly 

plans and offered suggestions for how to use mathematics materials to support the 
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students. In their classrooms I modeled lessons, co-taught and offered specific feedback 

on their teaching when invited. While I knew many of the students in the school by sight, 

I did not have personal knowledge of them as students, except related to the limited 

capacity in which I worked in their rooms. In the previous year I offered a small Math 

Club to the intermediate grade students for six sessions (Kahn, 2003). I repeated the 

opportunity and it was this expanded club that was the focus of this study. The Math Club 

was eventually folded into a larger after school program sponsored by a federal grant, the 

21st Century Learning Community. 

The textbook series used at the school was Scott Foresman – Addison Wesley 

Math (Charles, 1999). This series had been adopted by the school district three years 

prior to this study and was used exclusively in the classrooms of this school. While the 

district also adopted Investigations in Number, Data and Space (Singer, Konold, & 

Rubin, 1996), I saw no evidence of its use at this school. 

The Math Club Room 

The club and subsequent focus group met in a portable classroom designated for 

third grade. I chose this room because no club member was from this classroom. The 

students’ respect for the teacher and the location of the room, away from the main 

building, also added to my choice. The teacher whose third grade class was held in this 

portable had the desks arranged in clusters of four that formed small tables. Each group 

held between three and four students who sat together when the club met. 

In the year prior to the study this room served as a professional development site 

for literacy. As such the room had carpeting, little in the way of bulletin boards, and 
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windows that were placed just below the ceiling to add natural lighting to the room. To 

make the room more student-friendly, the teacher affixed posters and an alphabet in 

D’Nealian cursive to the wood veneer paneling that covered the walls. Student work was 

displayed as well as the daily objectives in reading, mathematics and writing. The room 

had a small student library, several computers and an animal cage that housed a small 

white rat.  

The Math Club Participants 

Twenty students participated in the Math Club. There were ten females and ten 

males. The students were from two classes in fourth grade and two classes in fifth grade. 

All of the students had been at the school from the beginning of the school year. One 

student transferred to another school during the first semester of the Math Club. While 

the teachers primarily used the textbook with the accompanying workbook and 

worksheets, they also used manipulative materials that were available to them.  

The fifth grade students from Ms. Marquez’ class included Núria, Angel, 

Gabriela, Raymond, Yvonne and Bobby. Angel, Yvonne and Núria were generally strong 

students in mathematics, often adding to the conversations in the Math Club when we 

were assembled as a total group as well as in their small groups. Raymond and Bobby 

struggled more so with the mathematics but were willing to share as a whole group. 

While the students were social and easily participated in the club with members of their 

class, Angel and Raymond were close friends as were Gabriela and Yvonne. Gabriela 

was often quiet when the total group was in session but offered quiet support to any of 

the students with whom she sat. Yvonne readily shared her understandings in the Math 



41

Club as a whole and generally took a leadership role in the small groups. Núria also 

shared her mathematical understandings. She took a leadership role in the small groups 

when her small group included mostly fourth graders. Billy easily shared his 

mathematical understandings in the club and was very social in the small groups. He was 

willing to sit with everyone.  

The students in Ms. Hathaway’s class included Christian, Juan, Jorge and Debbie. 

Christian and Juan were strong mathematically and often contributed to the club 

conversations. Juan was well liked and students sought to sit with him. Christian tended 

to ask a lot of questions and offer potential solutions to the group as a whole. In small 

groups he participated with others, but focused primarily on his interpretation of the 

mathematical tasks. He was very social and added to many conversations, although he 

did not initiate them. Jorge and Debbie were quiet students who spoke infrequently in the 

whole group or small group.  

The students in Ms. Romero’s fourth grade class included Carmen, Anna, Joe, 

Rosario, Katherine and Angelica. Angelica, Katherine and Anna were strong 

mathematical students and participated often in the Math Club whole group and small 

group discussions. Carmen, Joe and Rosario also participated, but less often. Carmen in 

particular spoke very rarely throughout the club.  

The students in Ms. Carrillo’s fourth grade class included Abel, Cherry, Ernesto 

and Alberto. Abel was a quiet student who often participated in whole group 

conversations and would help others when asked. It appeared he had a strong interest in 

mathematics. Cherry participated often and energetically in the club. She offered her 
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opinions easily and was seen as a leader among the fourth graders. Ernesto struggled with 

the mathematics but attempted all tasks. Alberto was a very social student who had many 

interactions with his peers throughout the club sessions.  

The families had been informed of the study during a Parent Teacher 

Organization meeting and were invited to submit an application by the end of the week. 

The fifty applicants were divided into four separate groups of female fourth graders, male 

fourth graders, female fifth graders, and male fifth graders. The students were selected for 

the club through randomly drawing their names from the four groups. Families were 

notified the following week and parents and students signed consent forms. 

The Math Club Focus Group 

While the club officially ended in December, I wanted to explore more of the 

potentials for math talk over an extended period of time. Although there were other 

commitments for all of us, three students agreed to stay on and continue into the second 

semester. This small group had emerged from the Math Club as a central part of many of 

the discussions in mathematics that I had audio and video recorded and so I invited this 

small group of three fifth grade students, two boys and one girl, to continue into the 

second semester.  

These three students, Christian, Gabriela and Angel, demonstrated a commitment 

to the club through their exemplary attendance and through their willingness to support 

one another throughout the mathematical tasks and to talk about their mathematical 

understandings. The three students were Mexican American. Angel participated in 

mathematics discussion in the club and offered his mathematical understandings in the 
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small group and whole group discussions. Christian often offered approaches to solve the 

mathematical tasks in large group discussions and small groups as well. Although Angel 

and Gabriela would turn to him for support, other students ignored his ideas. Christian 

did not communicate his ideas easily to the students and not everyone admired his quick 

wit. Gabriela did not volunteer her ideas or solutions, but would attempt to explain her 

work if I approached her privately. She frequently, without being asked, helped the other 

students with the mathematical tasks.  

The Math Club 

The Math Club sessions followed the school day. In general, they began at 3:15 

and ended at 4:15. During the month of October they ended a few minutes later because 

the 21st Century Learning Community after school program was not in effect, so students 

lingered in the classroom that held the club. Whenever possible the sessions were held on 

Tuesdays and Thursdays. Occasionally they were held on other days because of 

conferences and conflicts with my schedule. The Math Club sessions started on October 

14, 2003 and ended December 11, 2003 for a total of fifteen sessions. The focus group 

began on January 6, 2004 and continued for twelve sessions until February 17, 2004.  

The Math Club Curriculum 

Geometry was chosen as the focus of the club. There were multiple reasons for 

this choice. This topic typically was not addressed in most classrooms as teachers went 

through the text. Because it was placed at the back of the textbook and it was difficult to 

finish the text within a year, geometry was often left out. Additionally, test data from the 
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previous year indicated that the students in the upper intermediate grades needed support 

in geometry. Finally, I believed geometry could be used to excite students about 

mathematics.  

The curriculum of the Math Club was developed through resources published by 

the National Council of Teachers of Mathematics and other publishing houses that 

supported the goals of reform mathematics. I chose the activities based on relevance to 

the geometry curriculum as well as the potential for students to collaborate and engage in 

problem-solving conversations. 

The goals for the Math Club regarding geometry and communication standards 

were developed from conversations and readings in mathematics education. I created a 

series of curriculum experiences that evolved over the course of the club. I chose not to 

use a prescribed curriculum because I believed that I could assemble rich mathematical 

tasks that offered potential for mathematics discussions. Additionally, I wanted a 

curriculum that was responsive to the students in the club.  

The mathematics curriculum from which data was collected for this teacher 

research study consists of three major sets of mathematical tasks. These tasks occurred 

over the course of the club for multiple Math Club sessions. Each set depicts a specific 

mathematical task. Sets 1 and 2 took place with all of the students in the club during the 

dates of October 16, 20 and 28 and December 2, 4 and 9. The third set took place with the 

focus group on January 6, 8 and 13. Each set will be fully described in Chapter 4 and 

examples of the tasks are included in Appendices A - G.
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Math Club Materials 

Students used a variety of materials to help them solve the problems presented.  

They used mathematical manipulatives called Pattern Blocks (Adams, Nelson, Slade, & 

Slonim, 1996) (see Appendix A), poster paper, crayons, scissors, triangle grid paper, 

notebook paper and colored pencils. 

Data Collection 

During the Math Club, I collected the students’ work and kept a teaching journal 

in order to make decisions on mathematical tasks based on the interactions within the 

club. As I strove to understand the context and talk within the Math Club I used specific 

data sources to guide me, including audiotapes, videotapes, field notes, a teaching 

journal, and student artifacts. 

Transcriptions of Audio Taped and Videotaped Math Club Sessions  

The major data source collected throughout the Math Club sessions was multiple 

sets of audiotapes and transcriptions of these tapes. Audiotapes were made of whole class 

discussions when students were seated at desks or on the carpet. When the students 

moved into small group work I used the same tape and continued recording one group at 

their desks. Over different club sessions, each small group was recorded and I kept track 

of whom to record through the number (1-5) assigned to their seating cluster. Each 

student remained in the same group when present in the club. 

I also wore a small recorder that served to capture students’ responses when I sat 

with individuals in small groups. This personal recorder started when the students entered 
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the room and was turned off after the last student left or after I had audio taped my 

perspective of the session.  

Finally, a third recording was made that accompanied the video station. Initially a 

single video camera was placed to the side or rear of the room to record whole group at 

large. Later, however, for the majority of the sessions, this video camera recorded whole 

group discussions when the club gathered on the carpet. Once the students split into small 

group work, students at the video station were audio recorded as well as video recorded. 

With the use of miniature microphones and a sound mixer I was able to adjust the volume 

control for the more softly spoken students and get a better recording. Occasionally I 

removed the camera from the tripod and videotaped students’ work more closely at the 

video station or in other places in the room. The videotapes provided a record of the 

students’ use of the materials and their drawings and augmented the audiotapes when 

making transcriptions.  

When the Math Club began, students were assigned to the video station following 

the same procedure as in recording small groups; they were rotated into the station 

according to the seating arrangement number. However, after listening to the audiotapes 

and watching the videotapes between sessions, I realized that the seating groups were not 

necessarily the best groups to videotape. In mid-November I selected students from 

different groups who had participated well in whole group discussions, two girls and two 

boys. However, within the next session two of the students were absent and I replaced 

them with others. For the last three sessions I had the same students at the recording 
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station and these students became the focus group that continued meeting in January and 

February. 

As the sessions progressed I took notes on the audio and videotapes. These 

provided invaluable information in determining how to proceed with the club. While I 

thought I would only transcribe a few of the sessions, I found this to be unworkable. I 

needed to read each session to be able to determine how they related to the research 

questions. Therefore I transcribed each session and all of the audiotapes. 

The transcription process began in earnest after the Math Club ended. I 

transcribed all of the twenty-seven sessions of approximately 1 - 1 1/2 hours. For the 

Math Club there were frequently three recordings for each session. One audiotape was 

from a recorder that I wore and turned on as the first student entered the room. The 

second audiotape accompanied the video recording and the final audiotape was of a 

selected small group. Because there were multiple recordings, I was unsure of how to 

develop a transcript as one coherent session.  

I chose to build a single transcript from the audiotape of my voice. Because I 

recorded while I set up the video equipment and used it to record my comments after the 

last student left, my recording provided a time sequence of events for each session. The 

video recorder also was turned on almost immediately and provided another source to 

reconstruct the timing of club. I did not operate the videotape, but pointed it towards the 

large group of students seated at the desks and when we assembled on the carpet. Most 

importantly it was used to video a small group of students. Finally, a third recorder was 
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used for a small group that was not also videotaped, which meant that two out of five 

small groups were recorded every session.  

After I transcribed my audiotape, I added the transcript from the video and the 

audio recording that accompanied it and embedded narrative to describe the students’ 

visual actions that accompanied their talk. Finally, I inserted the small group’s tape 

recorded talk into the main transcript. Conversations occurred simultaneously and so the 

transcripts do not reflect a linear progression of the sessions. When all of the audio and 

video recordings were completed I made two copies of the transcripts and teaching 

journal entries and assembled two sets of three-ring binders to hold the data. Each set 

provided a clean space on which to write comments and look for connections without 

being influenced by my initial ideas.  

Field Notes and Teaching Journal 

After each Math Club session I briefly reviewed my field notes and wrote an 

entry into a teaching journal that provided a place where I kept information on what we 

did in the club, what I had seen the students do and my impression of the session. I also 

video recorded or audio taped my thoughts at the end of the afternoon and incorporated 

these comments into the teacher journal as well. Written on the day of the club, this 

journal provided a place to file my thoughts. I also used the teaching journal to record my 

thoughts between sessions as I planned for the subsequent ones.  
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Student Artifacts   

The students’ artifacts provided another perspective of the Math Club sessions. 

They included individual geometric designs, posters that reflected the small groups’ 

understandings of the mathematical tasks and recording devices students used in problem 

solving. While some of the artifacts were the students’ original work, most were 

photocopies. All were produced during the Math Club sessions. 

Data Analysis 

The analysis began as the first Math Club session came to a close. I wrote copious 

notes on my computer into my teacher journal, made a concerted effort to read the notes 

from my hand written field notes and reflected on the process. As a teacher looking back 

on my day, I talked with my colleagues about the sessions and student responses and this 

process continued throughout the club. I realized I had already begun the process of data 

analysis through these reflections.  

 To analyze the data I used the constant comparative analysis methods as 

described by Glaser and Strauss (1967). This method suggests that through several 

readings of the data, themes emerge and categories may be developed from these themes. 

This reflects the process that I undertook to analyze the data, one in which I reviewed the 

data repeatedly.  

The process may be best described in phases. In the first phase I read the 

transcripts, teacher journal entries and field notes, looked at student work and watched 

the videotapes. I took notes on the general trends that I saw and possible themes from this 

look at the data. In the next phase I developed themes from the data and created initial 
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categories. Finally, I categorized written transcript excerpts to determine if the category 

was adequately reflected in the data. The process, however, was not linear, and I went 

through the data sources multiple times to create the final categories.  

Addressing the First Question  

In the initial phase of the analysis, when I first read the data, I was most intrigued 

by the research question that addressed the role of the teacher, specifically how I 

functioned in the club. However, as the teacher researcher and a member of the club, I 

found myself second–guessing the decisions that I had made during the study. I was very 

unforgiving and focused on what I perceived to be mistakes in how I conducted the club 

and the mathematical tasks that I chose. In time I was able to step back and put my 

dialogue in perspective through discourse analysis. By carefully paying attention to my 

dialogue in interaction with the students, I noticed and acknowledged my role in the club. 

The preliminary analysis of my role was later embedded within my analysis of an 

environment that influences mathematical thinking. 

I approached the first research question, “What processes did students use to 

facilitate their talk about mathematics?” with a different lens as I reread the transcripts 

and looked at the other data sources. This time as I reread I used colored markers to 

highlight excerpts from the transcripts that focused on what the students said to each 

other. I took notes about what I noticed and made general categories. Then I reread them 

and added comments from my field notes and teachers’ journal entries. I drew shapes that 

students were discussing to support the context of the discussion. Further, I looked at 
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student artifacts and videotapes to check for additional information related to the 

audiotape transcripts. 

Through this preliminary analysis, the first themes emerged to separate 

mathematics content from the processes in which the students were involved. I believed 

that students’ engagements with the club could only be considered as data if they 

specifically talked about mathematics. However, I also coded for the processes that they 

used. My preliminary findings were as follows: 

Content 
1. Mathematics Content: Concepts (number sense, congruency, composing and 

decomposing shapes) Procedures, Descriptions (geometric terms, comparing and 
contrasting, spatial positions) 

 
Processes 

2. Improving Understanding: Asking for Clarification, Offering Supportive 
Comments 

3. Challenges/Arguments: math talk, group issues, building or maintaining small 
group focus 

4. Gestures: directions, locating specific shape, orientation, movement 
Topic Switches: television, playing with language, personal events. (7.12.04)

I found that my definition of math talk, “a language form that is negotiated and 

employed within discourse communities…school mathematics classrooms” (Wallace 

and Ellerton, 2004, p.1) had to be expanded to account for the exchanges in which the 

mathematics was present but not central to the interactions. These became the processes 

the students used in communicating mathematically. So I moved away from the 

mathematics content category. I went back into the data sets and found examples to 

support my expanded categories of: 1) Asking for clarification, 2) Using gestures to 

explain, 3) Playing with language, 4) Students teaching students, 5) “Storming and 

norming” (the processes by which students form groups with some conflict and then 
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work the out the issues), 6) Teacher involvement with small groups, and 7) Teacher 

involvement with large groups. With my advisor’s suggestion I moved the teacher 

categories, numbers six and seven, into a different section and focused solely on the 

processes of math talk within the context of the mathematical tasks. This became my first 

research question. I then went back to the data to write the definitions for the categories 

and the range of possible responses as evidenced in the data and to locate examples to 

support the categories.  

In November 2004 I presented at the National Council for Teachers of English. In 

preparation for the presentation, “Significant Talk about Mathematics” (Kahn, 2004), I 

developed a preliminary frame for the processes by which students communicated 

mathematically and the categories changed to more accurately reflect the data: 1) Visual 

Cues, 2) Connecting the Language to Math Concepts, 3) Creating Openings for Peer 

Understanding of Mathematics and 4) Negotiating Multiple Interpretations.  

Addressing the Second Question 

As I had read through the data for the first question I made notations in reference 

to the second question, “What are the factors in the classroom environment that 

influenced students’ math talk?” To address this question and code for it, I read the data 

from a different perspective. I focused on looking across the data for strategies used to 

facilitate talk as well as changes in the mathematical tasks. While I was still interested in 

the math talk of the students, I was more interested in the context surrounding the math 

talk, specifically what was happening in the club at the time.  
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To form categories about the context of the club I needed a way to organize the 

data from the transcripts. I used the second set of unmarked transcripts and coded for 

evidence of the context, such as the mathematical task and how the students engaged with 

the task. As general themes emerged, I found that I needed a way to see the more than 

250 pages of transcripts that comprised the first semester of the club. Therefore I 

developed a two-column table that offered a different view of the same data. 

In this table, I used two columns, the “Task” and the “Environment,” In the Task 

column I briefly noted the title of the mathematical task. I drew pictures of the shapes 

that were discussed and noted what the students were doing in the club moving in the 

events during the session. In the “Environment” column I described the environment of 

the Math Club for that day through selected phrases of math talk along with their line 

numbers to remind me of the interactions between the students and the students and 

myself. This was particularly relevant, because it more easily revealed strategies the 

students were using and questions that were repeated over time.  

Then I went back to the Task column and inserted comments from my teaching 

journal, such as “I wanted them to uncover the strategies for finding the unique shapes for 

themselves.” I then took notes in the margin of what I had written in the table. Finally I 

added my interpretation of the session following the table in narrative form. Through this 

process I was able to examine how the context developed and the factors that created it. 

It became clear from developing this table that the Math Club had undergone 

significant changes in how the students talked about the mathematics, the mathematical 

tasks that I had chosen and the milieu of the club. From these changes I realized that the 
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Math Club could be described primarily through three mathematical tasks that took place 

at different times in the club.  

In analyzing the data it appeared that the sessions split into three sets. In the first 

set of sessions there were a variety of experiences in which I engaged the students in 

learning about shapes, properties, spatial orientation and angles. In the second set the 

students engaged in activities to learn about congruence and composing and 

decomposing. Although each set of sessions had strong similarities, they also were 

markedly different. I realized the first set exemplified the difficulties I had to engage the 

students, while in the second set the students were engaged in the mathematical tasks. 

Through a deeper analysis of these two sets, I identified factors that portrayed the 

contexts of the club. When I added the third set of sessions, with the focus group of three 

students, I realized the students had transitioned from talking to make a community to 

talking as a way to make sense of the mathematics. 

The first mathematical task I analyzed, Build What I’ve Created (Gavin, Belkin, 

Spinelli, & St. Marie, 2001) took place when the club began, the middle of October. The 

second task I chose to analyze was Trapezoids 1-16 (Adams et al., 1996) that took place 

in December. Finally the third mathematical task I chose to analyze was How many 

rectangles? (Sakshaug, Olson, & Olson, 2002) Each mathematical task took place over a 

series of Math Club sessions and they became Set One, Set Two and Set Three, 

respectively.  

These sets formed the basis for exploring the context of the mathematics 

environment. I used the categories of 1) Characteristics of the Math Task, 2) Routines of 
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the Math Club, 3) Space for the Whole Child, 4) The Role of the Teacher; and 5) 

Students’ Engagement with the Task. 

Peer Debriefers  

Before engaging in this teacher research study of the Math Club, I conducted a 

pilot study (Kahn, 2003). Through the pilot study I realized that my colleagues could and 

would support me if I gave them an opportunity to engage in discussing what was 

occurring in students’ talk about mathematics. One of my colleagues was my principal, 

Patricia McElroy. During late afternoon discussions I shared my dreams and goals for the 

club and my interests. She provided valuable insights about the students and 

technological issues that I was trying to resolve. Additionally, at my invitation, she spent 

a session in the Math Club. Following the session she offered her perspective on the 

students’ engagement in the mathematical task. She became a peer reviewer, as did other 

colleagues at the school. Their comments were invaluable as they provided insight into 

the students and offered information about the club from their students’ perspectives. 

My doctoral committee members strongly supported my analysis as peer 

debriefers. They met with me continuously and corresponded through phone calls and 

electronic mail. The conversations and expertise guided my thinking.  

Summary 

As a teacher researcher I used a qualitative case study perspective to examine the 

two research questions, 1) What processes did students use to facilitate their talk about 

mathematics? and 2)  What are the factors in the classroom environment that influenced 
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students’ math talk? The context for the research was an after school Math Club with 

twenty students from fourth and fifth grades. The study occurred over five months. The 

data set included field notes, a teaching journal, transcription of audiotapes and 

videotapes, and original and student artifacts.  

The process by which I analyzed the data was the constant comparative method. 

Through this recursive process I developed general themes and created categories that 

addressed the research questions. Peer debriefers supported this process in its entirety. In 

the chapters that follow I describe the processes the students used as they engaged in 

math talk and the contextual factors that affected this talk.  
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CHAPTER 3 FACILITATING MATH TALK IN THE MATH CLUB 

Students’ talk in school occurs for multiple reasons -- to develop relationships, to 

participate in a classroom discussion, and to inquire about one’s world. Math talk, the 

talk in which students engage in exploring school mathematics, operates within similar 

contexts. Wallace & Ellerton (2004) contend that math talk is a "language form that is 

negotiated and employed within discourse communities… school mathematics 

classrooms (p.1). Student math talk supports students in developing relationships to 

themselves and the world around them through mathematics, participating in 

conversations about mathematics and to learn mathematics (NCTM, 2000). 

It is through math talk that students participate in mathematical tasks. The after 

school Math Club provided an environment that offered multiple reasons for students to 

talk and communicate mathematically. While the students also engaged in more social 

talk, I did not analyze those sections of the transcripts.  

This chapter focuses on the math talk of the students as they engaged in 

mathematical tasks within the after school club to address the research question, “What 

processes did students use to facilitate their talk about mathematics?” Through a careful 

analysis of audiotapes, videotapes, student work, observational field notes, and my 

teaching journal, categories emerged that reflect the processes of math talk within the 

context of the mathematical tasks. The categories are 1) Visual Cues; 2) Connecting the 

Language to Mathematical Concepts; 3) Creating Openings for Peer Understandings of 

Mathematics; and 4) Negotiating Multiple Interpretations. 
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Visual Cues refers to the gestures and recording devices the students used as they 

communicated their thoughts and ideas about the mathematical task. Connecting the 

Language to Mathematical Concepts refers to the ways in which students used specific 

language or terminology to communicate about mathematics with their peers. Creating 

Openings for Peer Understandings of Mathematics refers to how students sought support 

from their peers to accomplish a mathematical task. Negotiating Multiple Interpretations 

examines the ways that students moved to use the interpretations of peers to develop a 

shared understanding of a mathematical task. 

Visual Cues  

Visual Cues refers to the students’ use of gestures and recording devices to 

understand mathematics and communicate mathematically with their peers. The research 

of Morales, Khisty, and Chval (2003) with bilingual students found the use of multiple 

modes of communication including speaking, making gestures, drawing and moving 

one’s body to provide additional resources for understanding and discussing the 

mathematics. Through these multiple modes of learning and teaching, the students had 

greater access to the information presented as well as expanded opportunities for 

explaining their understandings.  

Gestures refer to body motions that students used to supplement or supplant 

explanations in math talk while they were in the process of working on a mathematical 

task (Moschkovich, 2002b). Roth and Lawless (2002), in case studies with secondary 

students, found that gestures of sweeping (iconic) and pointing (deictic) functioned in the 

emergence of scientific language and were “an important transitional step in the 
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development of a scientific discourse (p. 372).” Over time these students talked in more 

coherent ways and with certainty about the science experiments in which they were 

engaged. In the Math Club gestures added to the quality of the conversations and served 

as a part of the math talk as students worked towards more precise explanations. .  

Recording devices also provided visual support for math talk through a more 

permanent collection of information in devices such as diagrams (Diezmann & English, 

2001; NCTM, 2000). The recording devices provided a vehicle for recalling and 

reflecting on students’ work. Additionally, they served to support students’ mathematical 

understandings through the act of constructing them with collaborative others (Wells, 

1999). As students worked in mathematics and drawing, for example, they were able to 

draw on both systems to construct meaning (Short, Kauffman, & Kahn, 2000). 

The recording devices, posters and charts allowed students to make their thoughts 

public, a tangible artifact that represented personal understandings and the negotiated 

understandings of the group. By making their thoughts public, the students also used the 

recording devices as a place to shift the focus of the conversation and make it less 

personal. Arguing about the poster may have made the mathematics more open to 

discussion than would have occurred if a student were defending his or her opinion 

without it. 

Gestures 

As students worked on mathematical tasks, they used gestures to replace the 

names of shapes and their characteristics, indicate where a shape was located in a 

geometric design, and create a tool to support mathematical discussions that included 
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expressing their thoughts and understandings. With gestures the students were able to 

communicate mathematically with their peers and support them as they worked through 

the tasks together.  

Replacing Geometry Terms with Gestures

To participate in the mathematical task Build What I’ve Created, two students 

worked individually and privately to build small geometric Pattern Block designs (see 

Appendix A). The first student then described his or her design that was hidden from 

view to the second student, who then recreated it. The math talk included a description of 

the shapes through attributes or labels and an indication of each shape’s position within 

the design. The students decided in a total group session to omit the names of the shapes 

in their descriptions. This mathematical task challenged the students in the Math Club to 

articulate what they knew about shapes within a specific design to a partner with whom 

they might have not worked before.  

The task not only required students who built the designs to not be shown the 

original, but it prohibited students who described their designs from watching their 

partner build that design. However, the students changed the mathematical task to more 

fully participate. They watched as the partner recreated the design and relied on gestures 

to support their partner’s construction. In this math talk they replaced and supplemented 

the verbal descriptions and questions about the shapes’ position and location with 

gestures. In the excerpt below, Yvonne constructed Angel’s design (Figure 3.1). 
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Figure 3.1: Angel's Design 
Yvonne: Is it the same on top? 
Angel: Two are and one isn’t. 
Yvonne: Does it have four corners? [Yvonne holds up a blue parallelogram and 
shows it to him.] 
Angel: Yup. 
Yvonne: Is this it? [She removes trapezoids, another parallelogram and three 
triangles.] 
Angel: Yup. Oh, no, you need another one of these. [Points to blue 
parallelogram.] You need two that are the same. 
Yvonne: These are the same! [Holds up two trapezoids.] You said that! You said 
that two are the same! (10.20.03; Lines 123-133)  

 
Yvonne asked if the shape had “four corners” and showed Angel a blue 

parallelogram. Angel confirmed that it did, but did not offer other attributes such as the 

name of the geometric shape, the type of angles or length of its sides. Instead he pointed 

to the shape. She countered that she indeed had a pair. Without the gesture, Yvonne 

would not have known what Pattern Block to select. In this case the role of the gesture 

was to support the communication process and enable the students to participate in the 

mathematical task. 

Locating a Shape in a Design through Gestures

As the student described the location of a Pattern Block, the partner placed it 

within the design. Gestures frequently supported the math talk in this operation. In the 

transcript below, Yvonne described her pattern and Angel, her partner, built the design. 
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Yvonne pointed to locate where Angel was to place the shape in the design to match her 

original design.  

Yvonne: One has four sides and the other one has four sides, too.  
Angel: Are they right angle sides? 
Yvonne: No. Right here. [She points to the shapes she wants.] Two are the same, 
and the other two are the same. One has four sides and …[Yvonne uses her 
fingers to indicate the number four and motions to him to keep going. Angel pulls 
out pairs of quadrilaterals – trapezoids and white rhombi. She snaps her fingers 
and twirls her hand motioning “c’mon, c’mon.” He looks at her. She removes the 
blue parallelograms from the bag of blocks. He places the trapezoids below the 
hexagon and constructs a second hexagon. She shakes her head and gestures to 
him to turn the pieces around and he places the trapezoids together with the 
smaller of the parallel sides touching.] (10.20.03; lines 150-160) (Figure 3.2) 
 

Figure 3.2: Yvonne's Design 
 

Initially both students engaged in math talk and referred to the number of sides of 

the shapes. However, because there was more than one quadrilateral in the Pattern Block 

set, Angel asked a question to identify the shape. Yvonne responded with a series of 

gestures, pointing primarily, and a brief phrase to emphasize the gesture, “Right here”. 
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She visually guided Angel to build the shape accurately when instead she might have 

used position words (up, down, left, right) or spatial locations (above, below, beside). 

Figure 3.3: Designs A, B, and C 
In the last session allotted to Build What I’ve Created, the students used designs 

A, B, or C that I created to share with partners or partner pairs (Figure 3.3). The designs 

were six pieces or less and novel to the students. I knew they had not seen the designs 

previously. Angel and Núria explained how to build Design B. However, the 

explanations they used to support Carmen as she made a hexagon out of two trapezoids 

were insufficient. Eventually they pointed to the shapes and demonstrated how to connect 

the pieces. They asked Carmen to make a hexagon, but she could not duplicate the shape.  

Núria: No, not that way. 
Carmen: This way? 
Angel: No, put it where the two flat parts are. 
Núria: The long parts, the long ones.  
This part and this part.  
[Points] Connect the long parts. (10.28.03; lines 656-661) 
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Figure 3.4: Two Trapezoids to One Hexagon within Design B 
 

Angel and Núria coached Carmen to make the trapezoid and showed her how to 

rotate the trapezoids to connect each along the base to make a hexagon (Figure 3.4). 

Their gestures worked to support Carmen and supplemented the verbal directions they 

had given her. The students used visual cues such as gestures and looking at the design to 

support their exchanges with their partners and direct them as they recreated each other’s 

designs. Although this mathematical task was designed to “use precise geometric 

vocabulary in giving directions” (Gavin et al., 2001, p. 11), gestures supported the 

students’ math talk with each other.   

 
Gestures as a Tool to Support Mathematical Arguments

Students offered strategies and suggestions on composing and decomposing 

shapes in mathematical tasks during the duration of the club. They communicated this 

support through gestures in place of explanations and as a tool to solve a mathematical 

task or to bolster a mathematical argument. In the mathematical task, How many ways 

can you make a four-sided shape, a quadrilateral, by putting blocks together? (see 
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Appendix B), students used Pattern Blocks to build quadrilaterals and triangle grid paper 

to record them.  

In this exchange with Katherine and Cherry, I asked Katherine how to change a 

five-sided figure into one with four sides. Cherry offered a solution through gestures.  

Kahn: What could you do to change this to make it work? 
Katherine: Take that? 
Cherry: No, look Katherine. You could put that one right there and you could take 
that. [Cherry rearranged shapes in Katherine’s design to build a quadrilateral.] 
Katherine: 1, 2, 3, 4. (11.13.03; lines 588-600)   

 
Cherry did not name the shape she moved or precede the move with an 

explanation. She reached over to the space in front of Katherine and rearranged her 

pieces. Because Katherine watched her gesture of manipulating the blocks, the words 

were not critical. The actions were used with speech to explain the movement.  

Students also used gestures as a tool for supporting a mathematical argument. In 

the mathematical task, Trapezoids 1-16, (see Appendix C), students were expected to 

build and record their findings on a group poster. The task provided the framework for a 

mathematical discussion about the attributes of trapezoids.  

Seated on the carpet, the students held Pattern Block trapezoids with which the 

students were familiar. The blocks were designed to fit with others within the set and the 

trapezoid had sides that were one inch and a base of two inches. An enlarged copy of a 

trapezoid with 16 Pattern Blocks had been placed before the students as a model of how 

the largest trapezoid (Figure 3.5) in the mathematical task could be constructed.  
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Figure 3.5: 16 Shapes in a Trapezoid 
 

The enlarged trapezoid challenged the students because it did not conform to 

what they knew about trapezoids in general. Based on their experience the students 

thought that trapezoids had to have three of the sides be the same length. One of the 

students, Raymond, used gestures to support his argument that the figure before them was 

not a trapezoid as I had claimed. 

Kahn: What do you notice, Anna?  
Anna: A square has all the same sides and a trapezoid doesn’t and right here it 
goes up. [Diagonal sweep of the hand] Those three have the same length. [Anna 
is holding a Pattern Block trapezoid. She rolled her fingers over the top and sides. 
Raymond used his fingers to measure the top and sides of the trapezoid he held. 
Then he knelt on the floor and used his fingers to measure the sides of the 
enlarged copy of the trapezoid]. 
…
Raymond: Miss, this is something else, cause look it. These ones are the same on 
here, but this ain’t. [Students immediately leave their seats on the carpet and 
converge on the enlarged copy. They discuss what they think and their voices are 
over each other.]  
Cherry: uh, uh (no) that’s a trapezoid cause … 
?X: no it doesn’t look like it. 
?Y: it’s a trapezoid cause it’s a ….  
Raymond: No, no it’s a fake! [laughing] (12.02.03; lines 225-275) 
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While the gesture of measuring with fingers served to confirm Raymond’s belief 

that the sides and top of the enlarged trapezoid were not the same, it brought to light their 

fragile understanding of the attributes of a trapezoid. The gesture, measuring with his 

extended fingers, supported Raymond’s claim that properties of a trapezoid included 

three sides the same length with a base twice the length of a side. Because Raymond had 

not worked with other trapezoids, he was unconvinced that the paper copy was indeed a 

trapezoid and his gestures provided additional support for this assertion. 

In this next example, based on the mathematical task How many rectangles? 

(Sakshaug et al., 2002) the students were asked to identify as many rectangles as they 

could in the rectangle made up of 15 squares shown in Figure 3.6. They showed each 

other how to combine squares to make rectangles of different lengths by pointing to 

specific squares and through sweeping motions indicating how different squares might be 

combined. This exploration was much more difficult in that the students were using an 

illustration and could not manipulate materials as part of their mathematical explanations. 

They touched each square as they counted it and used their hands to indicate the length of 

the rectangle they formed. 

 

Figure 3.6: How Many Rectangles? 
 

Christian: See 
Gabriela: Oh, yeah.  
Angel: It’s like 



68

Gabriela: It’s like this. Look everyone and then you like take that and do the same 
one and then you put these together. [Moves her hand across the squares to 
indicate which to put together.] (1.06.04; lines 129-130) 

 
Angel: What he was doing? 
Kahn: Yeah, what was he doing? 
Angel: Like that two, and then he went back to that line, and then back to that line 
and another line. 
Kahn: So he started with two. So this one was two. Then he went back and he 
captured this one. (1.08.04; lines 41-48) (Figure 3.7) 
 

Figure 3.7: Capturing Rectangles of Two Squares 
 

The students and I referenced the squares we selected through touch. Gabriela did 

not use ordinal numbers to indicate which squares she selected. The hand motions of 

pointing and sweeping demonstrated how to put the squares together to form rectangles. 

Angel pointed to lines that separated the squares to indicate separations between the 

squares. The participants could have used ordinal numbers, i.e. the first (square) and the 

second or the second through the fifth, or counted each square and referred to it by name, 

square one, square two, and so on. The decision to use gestures -- to point, touch and 

“capture” the squares with a sweep of the hand-- demonstrated how gestures effectively 

took the place of words for this group.  

Gestures were an important aspect of math talk. The students’ use of gestures 

supported their descriptions of their actions as they engaged in the mathematical tasks 

and provided visual cues that supported their math talk in the club. They replaced 
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geometric terms for shapes and locations in designs and indicated how to manipulate 

Pattern Blocks to build trapezoids of varying sizes. Gestures were also used as an 

informal tool to measure a figure and supported the students as they engaged in 

mathematical argument. While the gestures may have been a natural aspect of the 

students’ math talk, they also may have been used to replace mathematical language the 

students had not yet developed. 

Recording Devices  

Recording devices, posters and charts were another type of visual cue that 

students used to support their understanding of the mathematics and their talk with peers. 

Students used writing to record information and to support their thinking. As they 

recorded solutions as part of the mathematical tasks, the students were able to use what 

they had written to think more critically about the solution.  

Writing as Recording

Students copied mathematical terms that identified shapes through properties that 

included the number of sides, angles, parallelism, congruency, and perpendicularity. 

Students created a written record of topics addressed in the Math Club through notes they 

took from the board. Initially, writing was not used as a way to think more clearly about 

the mathematics related to a task but to store information from session to session. This 

excerpt portrays my request for students to take notes. 

Kahn: Okay we’re ready. Tell us something about what you said Yvonne. 
Yvonne: It’s ninety degrees. 
Kahn: She says “It’s ninety degrees. Ninety degrees probably doesn’t mean a lot 
if you have never heard of that. Is there another way to describe 90 degrees? 
Angel: There’s like a tiny, little square right there. 
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Kahn: Yeah, on your paper I want you to draw a rectangle. Draw a rectangle. Go 
ahead and draw it, you draw it better than me, I am sure. (10.28.04; lines 206-
235) 

 
The students’ use of writing reflected a more traditional classroom context where 

their writing mirrors that of the teacher. The students typically did not engage in math 

talk during these mathematics lessons that required them to solve problems or develop 

solutions, but instead responded to a teacher assignment.  

Recording as a Way to Think

There were, however, other reasons for students to use recording devices. 

Through the Math Club many of the mathematical tasks required recording devices to 

keep track of their solutions because the solution sets were often too large to keep track 

of mentally. The mathematical task, How many ways can you make a four sided shape, a 

quadrilateral, by putting blocks together? (see Appendix C) (11.13.04), was only limited 

by the number of Pattern Blocks available and the time allotted for the session. Students 

recorded their individual findings on triangle grid paper that they used to show other 

students as they talked about the quadrilaterals. The recording device supported their 

math talk.  

Christian: Is this four sides? 1, 2, 3, 4. 
Kahn: Yes, sir. As a matter of fact what I was suggesting to Cherry, and you 
don’t have to do it, is to take your black crayon and kind of outline it so I can see 
it more clearly. You did a beautiful job. 
Cherry: Oops, this broke, the tip. 
Kahn: That’s okay. 
Katherine: I did it kind of light. Is this four corners? 
Kahn: Do you mean four sides? 11.13.03; lines 584-591 

 
In this transcript the triangle grid paper was introduced to the group as a 

recording device, one that kept track of information. Katherine was able to use the shape 
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she had drawn on her grid to ask whether or not it fit the criteria of a quadrilateral. 

Because the shape had been transferred onto her triangular grid paper, it served as a 

constant point of reference. Students discovered they could generate ever-larger 

quadrilaterals. Cherry said, “I made little ones and then I made them bigger” to which 

Juan responded, “Huge parallelograms. Like huge!” (11.13.03; lines 666-667) 

The mathematical task, Hexiamonds, (Appendix E) building unique shapes of 

Pattern Blocks with six or less triangles, presented an opportunity for the students to use 

math talk to negotiate what could be recorded based on the criteria of the task. The 

students were asked to make one poster that reflected all the possible hexiamonds with 

six triangles. Additionally they were asked to include the combinations of triangles that 

could be made with 1, 2, 3, 4, or 5 triangles as well. By developing one poster, students 

used this recording device as a way to think about their solutions and reflect on them. 

However, not all groups equally understood how to use the poster to eliminate congruent 

shapes. They had not seen how it would help them specifically answer the question of 

regarding the number of combinations possible and considered the poster more a matter 

of finishing an assignment and not a device to support their thinking (Figure 3.8). 
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Figure 3.8: Hexiamond Poster 
Christian: Is this a shape right here?  
Cherry: I made a crib. I made a shape that has five pieces. I think I did.  
Christian: Is this a shape right here?  
Cherry: I do not know.  
Kahn: No? Let’s work at getting a little bit organized. 
Rosario: Oh, this is for three, but Miss, Miss! 
Christian: They have it already. They have it again. 
Cherry: Shush, shush, shush. 
Rosario: Are we all supposed to work together? 
Christian: Miss, they have it again. See, they have this shape, too. (11.20.03; lines 
658-708)  

 
In the whole group discussion the triangle grid paper was introduced, but 

organization was not discussed. Many groups attached shapes to the poster that were 

congruent. The students did not visually discriminate between the different shapes and 



73

had begun gluing without a system in place, therefore repeating many of the shapes. 

Without a discussion about how to record and why to record, asking the students to create 

a poster did not result in exploring congruent shapes successfully. 

In the next transcript excerpt, the students were still engaged in the hexiamond 

mathematical task. Cherry’s group realized that they had duplicate shapes and sought a 

way to indicate unique shapes. The recording sheet provided an opportunity for them to 

look critically at their work. The recording sheet also provided an opportunity for 

students to examine their understandings of how shapes that were rotated in space looked 

different, but were the same.  

Cherry: Miss Kahn, is this considered a shape?  
Kahn: How many is this? [Pointing to a shape of green paper triangles.} 
Cherry: It’s six.  
Kahn: Well, before you put glue on it I want you to compare your shape with 
stuff you have. 
Christian: There is one. 
Kahn: See here. Oh, let’s see 
Cherry: Oh, yeah, that is 
Kahn: If that’s the same shape. It is? Flip it over. 
Cherry: See that is. 
Kahn: Oh, yeah. That’s perfect. So. 
Cherry: Because I was going to put it like that. I looked at it a different way. 
Kahn: You looked at it a different way and you couldn’t see that it was the same 
shape. 
Cherry: I see how you can get confused, because when you look at it a different 
way it looks like a different shape. (11.25.03; lines 559-578) 

 
Through working on the poster, Cherry was able to determine that the shape she 

had thought was unique was, in fact, congruent to another that had already been glued 

onto the poster. The poster provided a space for she and I to engage in talk and 

exploration about congruent shapes. 
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At every opportunity I offered recording devices as a way to support students in 

solving the mathematical task by asking the students to replicate their designs on triangle 

grid paper and use graphic organizers. While working on mathematical tasks that allowed 

the students to manipulate Pattern Blocks, the recording of the solutions helped them 

think about whether or not they had a complete set. However, when the mathematical 

task was more abstract, the recording devices became crucial to finding a solution. In this 

excerpt the students worked on How many rectangles? In this exploration the students 

had to determine how many rectangles could be found within a large rectangle of 15 

squares side by side (a one by fifteen array). 

Angel: I kind of know what’s going on. 
Christian: What’s your pattern here? 
Angel: It’s a pattern.  
Kahn: So why don’t you finish your chart without building anymore? 
Christian: Okay (1.13.04; lines 499-525) 
 
The students solved the problem and, with my support, built a table to keep the 

information organized. By closely examining the information they were able to see a 

pattern to the numbers and find the solution. The recording device provided both a place 

to store the information and to foster mathematical communication.  

Discussion about Visual Cues 

Gestures provided the students with the means to communicate their 

mathematical understandings with their peers and me. Through the gestures of pointing 

sweeping their hands across geometric designs and manipulating Pattern Blocks the 

students were able to participate in the mathematical tasks and clarify statements that 

would have been ambiguous. As with Roth and Lawless (2002) who contend that 
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gestures represent a transitional step towards scientific discourse, I too found the 

students’ use of gestures to be critical in explaining their thinking to others.  

Recording devices were another aspect of the visual cues that students used to 

make sense of the mathematical tasks. I believe the students in the club had not realized 

that recording devices could serve to support them as they worked through solutions to 

the mathematical explorations. Initially they viewed the posters and charts as a task to 

complete, an assignment. As the mathematical tasks came to involve more manipulative 

explorations, the recording devices became increasingly important to finding the solution 

of the problems. As the students began to reference the charts and posters in their 

conversations with their peers, the recording devices were used as a tool for thinking 

(Vygotsky, 1978). For example, when students explored hexiamonds and developed its 

subsequent poster, they compared their shapes with those on the poster and engaged in 

conversations with their peers about duplicated or congruent shapes. The chart did not 

necessarily support students in generating all possible solutions, although it could have 

been used systematically to do that.  

The use of the recording device as tool for thinking was more evident in the 

rectangle mathematical task where the students relied on a diagram and “t-chart” to 

answer the question posed. In the rectangle problem, the students saw a pattern emerge. 

This may have been the first time they experienced a pattern emerging from the data that 

solved the problem. The recording devices supported the students in taking a different 

perspective from which to view the problem and therefore to generate a solution (Figure 

3.9). 
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Figure 3.9: Gabriella's Recording Device 
Connecting Language to Mathematical Concepts 

Connecting Language to Mathematical Concepts refers to how students use math 

talk to connect their everyday, familiar language to the mathematical concepts within the 

tasks. In this category students engaged in math talk as they used everyday language to 

discuss their observations, explain their mathematical ideas and coach their peers in 

composing and decomposing shapes. Everyday language refers to the “everyday, familiar 
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language” that evolves into mathematical language that includes vocabulary and 

conventions. Mathematical language also includes the ways in which mathematical ideas 

are expressed clearly in the discipline as students develop concepts and are supported by 

others (NCTM, 2000). Pimm (1987) suggests mathematical talk includes “attention on 

argument and conviction by means of explanation, as well as on the task of finding more 

precise and succinct expressions” (p.48). The mathematical tasks and environment of the 

club provided multiple opportunities to speak with others and develop the students’ math 

talk.  

Using Everyday Language to Explain Student’s Mathematical Understandings 

Students relied on everyday language to explain their understandings of 

mathematics to their peers and me. Mathematical tasks were chosen to engage students in 

the process of doing mathematics and talking about mathematics with others. Gibbons 

(2002) in work with bilingual students claims more linguistic skills are required in 

language used for academic purposes and that students are expected to use registers 

associated with specific curriculum areas as they learn how to express more abstract 

ideas. Forman (1996) argues that mathematical language includes a “mathematics 

register” that serves as one tool “for their (student’s) own thinking and an object for 

reflection” when students explain and contrast different solutions to problems (p. 121). 

In the next transcript the students explained how they viewed a trapezoid that had 

been made from three Pattern Block triangles on the overhead projector. As they 

described the orientation of the shape, they used everyday language to indicate a 
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difficulty they had with this shape. At times the students expressed their understandings 

with the support of their peers.  

Cherry: A trapezoid. 
Kahn: A trapezoid? Okay? Does everybody have one that looks like a trapezoid? 
Abel, you want to make that one for us up here on the overhead screen? Tell us 
what you’ve got. 
Christian: It’s a down trapezoid.  
Cherry: Every time I try to turn my trapezoid around, it turns upside down.  
Kahn: It keeps going upside down? So sometimes shapes look right side up one 
way and they look upside down another way. (11.18.03; lines 103-136) 

 
Students used their own words to describe mathematical concepts and this 

provided them with an avenue to express their ideas about shapes and their spatial 

orientation. Their everyday language gave students an opportunity to explain what they 

saw in ways that made sense to them. Cherry expanded Christian’s description of a 

trapezoid, “a down trapezoid,” and explained, “It turns upside down.” Christian’s use of 

the word “down” does not have a specific mathematical counter part as in the use of 

everyday words that have different meanings in everyday language and mathematical 

language (Moschkovich, 2003).  

Whereas shapes have no specific orientation and can be placed in any direction, 

in this transcript both students implied that the longer of the parallel sides was the 

bottom. I believed the students had not easily recognized the trapezoid when the longer 

side of the parallel pair was at the top and explained it through an everyday, familiar 

term.  

Everyday language was also used in the mathematical task Build What I’ve 

Created to describe a small Pattern Block design. The task focused on students describing 

a Pattern Block design that was then recreated by the person hearing the description but 
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who had not previously seen it. The task was designed for the students to use accuracy 

and a shared language.  

During the final session of the mathematical task Build What I’ve Created, I gave 

students a choice of three Pattern Block designs A, B, or C to describe (see Figure 3.3, 

page 63). In listening to the audiotapes and viewing the video of the previous session I 

had realized that the students ignored the directions to keep their work private. In this 

way the students maximized their time for math talk and reduced the possibility of 

students watching their partners construct the design. This brief excerpt looks at how the 

use of everyday language in a mathematical task supported the students in this task as the 

girls described Pattern Block Design C. This group of students chose to omit the names 

of the shapes and their corresponding colors to keep the activity challenging (see 

Appendix A). 

 
Abel: What’s on the bottom? What shapes are on the bottom?  
Cherry: There are three shapes on the bottom. 
Gabriela: Are you kidding? Two have four sides and one has three sides. 
Cherry: Three sides. 
Gabriela: There’s one on the top and it has four sides. 
Cherry: And they’re uneven.  
Abel: They’re uneven? Okay. 
Cherry: Yeah, something like that. 
Ernesto: Yeah, like ….. 
Abel: Oh, I see it. 
Ernesto: What’s in the middle? 
Gabriela: Uhm. 
Cherry: A triangle. 
Ernesto: No, She’s wrong. She’s wrong. She’s wrong!  
Cherry: There’s a triangle in the middle. Actually, it depends on what you call the 
middle. (10.28.03; lines 673-691) 
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Gabriela and Cherry described a Pattern Block design to Ernesto and Abel. When 

Abel asked what shapes made the “the bottom” of the design, Cherry responded with 

“three shapes” that may have indicated a triangle or the number of shapes in the design. 

Gabriela questioned Cherry’s interpretation and responded with everyday language that 

focused on the number of sides of the shapes to identify the shapes within the design, 

“Are you kidding? Two have four sides and one has three sides” (lines 675-676). While 

Cherry may have referred to a shape on the bottom of the illustration, Gabriela may have 

responded to the bottom section of the Pattern Block shape C. The question asked and the 

descriptions offered allowed the students to engage in math talk with each other without 

specific mathematical terms.  

Gabriela continued with a location of the fourth Pattern Block piece and Cherry 

added that the shape was “uneven,” a more technical word, but not necessarily 

mathematical. Cherry used the everyday word, “uneven,” to describe the position of the 

trapezoid. It may have reminded Cherry of something at an incline that may have been 

uneven. Finally, Ernesto attempted to identify a Pattern Block “in the middle,” Cherry 

responded, but questioned whether she could use the word “middle” to locate a piece in a 

design. 

The students in this small group used everyday language with the words, “bottom, 

top, uneven and middle,” to describe the four-piece design, Design C (see Figure 3.3, 

page 63). The students may have answered, “What’s on the bottom?” differently had 

Abel asked if the base of the design was parallel to the paper’s edge. Gabriela and Cherry 

might have responded, with more precise mathematical language, that the triangle was on 
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the bottom and each of its sides had a square adjacent to it. Earlier in the afternoon I used 

the word adjacent to introduce a more mathematical term to use in describing how two 

shapes were situated. However, I did not hear it used, nor found evidence of it in the 

transcriptions for this mathematical task. Everyday language allowed the students to 

participate in the conversation about the figure, and it also may have limited the students’ 

ability to replicate the design. 

In another mathematical task, How Many Rectangles? students were expected to 

find multiple combinations of rectangles using a long rectangle of 15 squares. In this 

excerpt Christian used everyday language to explain to Gabriela and Angel how he 

combined squares to form sets of rectangles.  

Gabriela: Oh, you’re making it bigger. 
Angel: Yeah. 
Christian: Well, I first put like this with this one. Right? 
Angel: I get it. 
Christian: And then this one it’s two and then you put this one inside. And you 
put this one with that, and this one with that and connect it to this one. And then 
you count this one. Actually you put it like that and like that and like that.  
Angel: Yeah, I get it what you’re doing. 
Christian: You can make more by each single square. (1.06.03; lines 105-112) 

 

In this excerpt, everyday language was used to explain how single squares could 

be combined to create larger rectangles. Phrases, “like this with this one. Right?… and 

you put it like that and like that and like that” in which Christian was pointing and 

sweeping his hand across the illustration would not have been understood had the 

students not been watching. While Angel said, “Yeah, I get what you’re doing”, the video 

and subsequent transcript did not indicate that Angel could replicate the action with 

meaning. In this example, the everyday language was too ambiguous. 
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Using Mathematical Language To Coach Within the Mathematical Task 

The students’ use of mathematical language within the tasks and simultaneous 

use of gestures supported students in a form of coaching, providing continuous feedback 

based on what they saw other students do in the task. In this supportive dialogue more 

students were brought into full participation within the mathematical discussions (Lave & 

Wenger, 1991).  

In this transcript two students worked together and described Design B (see 

Figure 3.3, page 63) to Carmen within the mathematical task, Build What I’ve Created. 

The students stayed with the altered task and were able to finish it as they coached 

Carmen in making the design. 

 
Núria: We have to describe it to you. 
Carmen: Okay. 
Angel: Get a hexagon 
Núria: And two fat diamonds. 
Carmen: Two fat diamonds, okay. 
Núria: No, not those, uhm, the red ones (trapezoids). [Both red trapezoids and 
blue parallelograms were part of the design] 
Carmen: These? Two of them? 
Núria: Uh-huh. The red ones you put them together and they make a hexagon. 
Carmen: For I can make a hexagon with them?  
Núria: No, on top of each other. 
Carmen: Oh.  
Angel: Make a hexagon. 
Núria: Make a hexagon. 
Carmen: How?  
Angel: A hexagon out of the red ones. 
Núria: Pretend you don’t have that one [the hexagon] and make these two 
together to make a hexagon. 
Carmen: Well, I was close. 
Núria: Very close, next one. [Carmen attached the trapezoids to make an 
hourglass figure, not a hexagon.] 
Núria: No, not that way. 
Carmen: This way? 
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Angel: No, put it where the two flat parts are. 
Núria: The long parts, the long ones. This part and this part. Connect the long 
parts. 
Angel: Okay. 
Núria: Put the hexagon on the bottom.  
Angel: Put one diamond on the right side. 
Núria: Put one diamond on the right side. 
Carmen: This side? 
Angel: Uh-huh. And one on the other side. 
Carmen: Okay, let’s see. 
Angel: Okay, we finished. (10.28.03; lines 635-660)  
 
The students used both everyday language and more specific mathematical 

language paired with gestures to facilitate Carmen’s making of the design. The everyday, 

familiar language included “fat diamonds and flat parts,” for example. The use of 

geometric terms and the specific directions Angel and Núria gave Carmen reflected use 

of a mathematical language as they applied spatial reasoning to step Carmen 

systematically through creating the design using the position of the shapes.  

Through the use of everyday language and the mathematical language in which 

they identified the geometric shapes as well as used gestures the students were able to 

support one another to generate the design.  

Discussion about Mathematical Language 

The Communication Standard (NCTM, 2000) reflects students’ ability to 

communicate mathematically as a “tool for understanding and generating solution 

strategies” (p. 194). The students’ discourse would not be the goal in itself, but to 

participate in conversations with peers and the teacher to clarify their position, question 

each other, make predictions and extend their conjectures. According to Pirie (1998) 

“Language in its broadest sense is the mechanism by which teachers and pupils alike 



84

attempt to express their mathematical understandings to each other” (p.8). She suggests 

that mathematical understanding takes place as students work to understand each other 

and make oneself understood.  

 This section emphasized the students’ use of a everyday language to describe 

designs and actions although the phrases used were not necessarily vocabulary that could 

have dual meanings as explained by Moschkovich (2003). Everyday language was used 

to augment descriptions of shapes and their positions when the students did not have a 

more precise mathematical language. The everyday language provided an avenue for the 

students to participate in the mathematical task as they moved towards a more precise 

mathematical terminology.  

While the task Build What I’ve Created was selected to create a purpose for the 

use of more precise mathematical vocabulary and explanations, clearly the students were 

able to engage successfully in the task using everyday, familiar language, gestures and 

through altering the task. Words such as uneven, bottom and middle were used, but were 

not precise enough for Ernesto and Abel to create the design as described by Cherry. 

Similarly, Núria and Angel coached Carmen to create a design that included the terms 

hexagon made of two trapezoids, by saying “put it where the flat parts are” and this 

language proved too ambiguous for Carmen to create the shape. In both excerpts of 

transcripts the students use of everyday language provided an avenue for participation 

that required the additional support of visual cues. In the mathematical task How Many 

Rectangles?, Christian used expressions, “like this with this one. Right?… and you put it 

like that and like that and like that.”  
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In all of the excerpts selected for this section, I found that the students had 

success with the task. They engaged in “talking for others” (Pimm, 1987, p. 23) as they 

attempted to support one another’s understanding. They brought their resources to the 

conversations as they guided their peers within the tasks.  

Creating Openings for Peer Understandings of Mathematics 

Creating Openings for Peer Understandings of Mathematics refers to how 

students found support by asking questions and through offering “invitations.” I have 

labeled an invitation as a structure of conversation by which a student makes a comment 

and another responds to that comment as though a response was expected. The exchange 

is described as an adjacency pair, an important aspect of analyzing the structure of a 

conversation (Sacks, Schegloff, & Jefferson, 1974). Whereas questions emerged within 

the mathematical tasks and were often directed at a particular person or addressed a 

specific concern, statements were often spoken aloud, and not necessarily directed at 

another. The student might have been verbalizing his/her thoughts aloud without 

anticipation of the ensuing conversation (Goffman, 1981). Pimm (1987) suggests that 

students talk for themselves to organize their thoughts. Finally comments may have 

occurred within extended periods of silence as students worked on the mathematical 

tasks. There were numerous long pauses that, when interrupted, may have been taken as 

an invitation to respond. 

 

Using conversational analysis I examined the structure of the conversation for 

adjacency pairs, found in turn-taking, such as greetings and goodbyes, questions and 
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answers and other forms of ordered pairs (Schiffrin, 1994). In this analysis of the data 

this is a functional pragmatic feature that addresses what was said in terms of what the 

student meant, an invitation to respond, and draws from the field of discourse analysis.  

The students created openings for peer instruction and dialogue. Asking for 

directions to be repeated was a way to engage other students in talking about the 

mathematical task that was not directly stated in the request. The section begins with 

examples of how the students asked direct questions that became more complex and 

required a more mathematical response. 

Asking for Clarification through Questions 

Students asked for clarification when uncertain about how to proceed in the 

mathematical task. In one of the activities of the Math Club, students used a worksheet 

that I created on terms related to geometry (see Appendix F). On the worksheet the 

students were asked to draw lines of a specific length and orientation, vertically or 

horizontally. On a second worksheet there were illustrations of shapes and the students 

were to copy each shape. In the transcript that follows I walked by a small group and 

encouraged them to continue.  

Kahn: You’re doing a good job, keep going. You’re copying your shape 
underneath it.  
Ernesto: What did she say? 
Gabriela: You’re copying your shape.  
Ernesto: What does that mean? 
Gabriela: You don’t know? 
Ernesto: I don’t know.  
Anna: I don’t know. I don’t know. I don’t know. (sing-song voice) 
Gabriela: Everyone should be quiet. You know what to do? Look! Put your ruler 
right here. (11.06.04; lines 397-416) 
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Ernesto asked what I had said and what I meant. Although it appeared that 

Ernesto had not heard the directions, he indicated that he could not begin the task of 

copying the shape. He solicited help and Gabriela demonstrated how to copy the shapes.  

In the following transcript, Alberto asked, “Which one are inches?” This had been 

answered, but he did not continue with the task. A few minutes later Alberto asked a 

more specific question, “Miss, do I hold it like this? Which one are inches?” Although a 

student answered his question, he did not attempt the activity. In the third excerpt of this 

transcript, he asked me where to copy the shape. I answered his question and showed him 

how to hold the ruler to measure the shape before copying it. The question about which 

side was inches did not address the more immediate question of how to measure a shape 

or how to replicate it. 

Anna: I was going to put four inches, but then centimeters. 
Alberto: Which one are inches? 
Bobby: The inches are the bigger than the little ones. (11.06.03; lines 190-193) 

 
Alberto: Oh, I want red ruler. Miss, do I hold it like this? Which one are inches? 
Bobby: These bigger ones.  
Alberto: No, nuh-uh. They’re not inches. 
Bobby: Yeah, huh. You think it’s the little ones. You’re wrong, you’re wrong. 
(11.06.03; lines 290-301) 

 
Alberto: Where do I do the shape? 
Kahn: Right there. That shape goes right underneath it. Measure your shape. See 
how long it is.  
Alberto: How long is it? Where does it tell you how long it is? 
Kahn: You have to measure it. Use your ruler to see how big the shape is. 
Alberto. This side or the small side? (Inches or cm.) 
Kahn: this side. (11.06.03; lines 469-477) 

 
In these examples Ernesto and Alberto asked their peers how to begin the task, 

how to copy a shape and how to hold a ruler. Their original questions were answered but 
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the students did not begin the activity. While they sought clarification from their peers 

and created an opening for peers to provide instruction, both students needed to be shown 

how to use a ruler to measure. This may have indicated problems with how the task was 

worded or demonstrated a lack of understanding of measurement. Gabriela supported 

Ernesto in copying the shape, and I supported Alberto in how to measure the shape with a 

ruler. Students’ questions worked to clarify specific points and highlight potential 

misunderstandings. 

In the following mathematical task two students worked to find all the possible 

perimeters of shapes that could be made using six Pattern Blocks (1.27.04). Gabriela 

posed complex questions to Angel that specifically asked him to explain how he got his 

answer and how he changed the perimeter. Gabriela tried to understand how to work on 

the task. While Angel did show Gabriela how to move a shape to increase the perimeter, 

she was unable to do so on her own. When I sat down, Gabriela explained how she 

altered her shape, but not the perimeter. 

Gabriela: How come you get 11? How do we go and change the perimeter?  
Angel: Easy 
Gabriela: Easy? 
Angel: Go like that, and you’ll get two more. 
Gabriela: Well, I can’t do that. If I flip it, it’s the same thing. [He took a trapezoid 
and moved it to his shape. Gabriela flipped a rhombus in her design, but the 
amount of units of the perimeter of her design did not change. ] 
Christian: Huh? 
Gabriela: Cause he said, Miss, to flip it and I can’t do that. It will stay, this one 
and that one and this one. 
Kahn: [I have just sat down] Wait a minute. What are you saying? Say it again to 
me?  
Gabriela: He said he got a trapezoid.  
Kahn: Who? 
Gabriela: Angel. Angel got a trapezoid and then he went, and then he went he 
flipped it and he go. I told him, but how are you going to change the perimeter? 
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And then he went like this, but then I showed him that mine can’t go, cause then 
it’ll be the same. 
Kahn: Okay so when you put it inside it’s two, and when you bring it some place 
else? Attach it some place else, let’s see what you get. Oh, it might be the same.  
Gabriela: Yeah. (2.03.04; lines 142-164) 

 
The questions the students asked each other and me became more complex. 

Underlying the question of “Which side are inches?” was the concept of how to measure 

a line or a side of a shape, as well as how to replicate it. The question that Gabriela posed 

in her small group requested the complex math talk of how one changes the perimeter of 

the shape. Questions appeared to be one of the ways that students engaged others in math 

talk. Their answers provided one more avenue of support to better understand the 

mathematics of the task. While these requests appeared, on the surface, to simply be a 

request for repeating directions, they may have indicated a clarification of a conceptual 

issue or of a technique needed within this task.  

Another strategy that students used to engage others in math talk was making 

comments that invited responses. In the next section the excerpts from transcripts portray 

a different way of engaging students through what I consider as an “invitation.”

Opening Space for Peer Understandings Through Invitations  

Another strategy of opening the mathematical conversations for responses 

involved students inviting others to respond by making a comment aloud about their own 

work. In a mathematical task on building quadrilaterals by putting different blocks 

together in the transcript that follows, Cherry commented on the “diamond” she built 

with Pattern Blocks. She had not directed her comment to anyone in particular. Juan 

looked at her shape and responded that her shape was not a four-sided figure.  
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Cherry: I did a diamond. I’m on my favorite bigger hexagon. [She had drawn a 
parallelogram. She used one vertex of the hexagon as a corner of the shape. She 
traced it and when she removed the pieces she had a parallelogram.] 
Juan: That’s not four. 
Cherry: If I have any room.  
Juan: Yeah it is. Look it. 1, 2, 3, 4. What did I make? That doesn’t look right. 
Christian: Dude! That’s not four! 
Katherine: That doesn’t even look like four. (11.13.03; lines 522-538) 
 

In this example I interpreted the interaction between Cherry and the other 

members of the small group as an “invitation”. The invitation was extended by Cherry to 

comment on the shape she had drawn on the triangular grid paper. Although she had not 

specifically asked for a response, by commenting aloud “I did a diamond. I am on my 

favorite bigger hexagon,” others could “join” in the conversation.  

In the following excerpt students were involved in a mathematical task of making 

hexiamonds shapes with six triangle Pattern Blocks. Additionally I had also asked 

students to construct shapes with less than six triangles. In this excerpt Cherry invited 

others into her exploration of shapes using four Pattern Block triangles through a 

comment directed at any member of the small group.  

Cherry: I don’t know a four shaped one. 
Katherine: Where’s the four shaped one? What about your kitty cat? 
Cherry: That has five. 
Katherine: (leans over to Cherry’s paper and counts.) That’s a four shape. 1, 2, 3, 
4.      (11.18.03; lines 751-756)  

 
In both of these excerpts Cherry made a comment aloud that was not directed at 

another and was interpreted as an invitation by the members of her small group. Juan 

commented that the shape she had made was not a four-sided figure and Katherine 

offered Cherry a reminder that she had previously created a shape with four triangles and 
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counted it out for her. What may have been self-talk appeared to serve as invitations for 

others to comment.  

The Role of Questions and Invitations 

Some conversations between students reflected the complexity underlying the 

questions and invitations. Students sometimes used a question to work through what the 

mathematical task asked them to do. The question might seem straightforward to answer, 

but often approached more difficult conceptual issues. 

In the conversation below four students struggled to make sense of the 

mathematical task, Trapezoids 1-16. To better understand the exploration, the students 

invited others to comment on what they had done and asked questions of each other to 

make sense of the mathematics. The initial question Katherine asked, “How many could 

we make?” reflected a question that was central to the group’s interpretation of the task, 

and reflected the more difficult question of how one determines whether or not an answer 

addresses all of the possibilities.   

Gabriela: Look, I made a cat.  
Katherine: Oh, that was Cherry’s before. Remember? 
Christian: I know. Hey, that’s what I made. That’s what I made right now, except 
I messed it up. 
Cherry: Look at my 16 shape. 
Katherine: How many could we make?  
Cherry: Up to 16! 
Katherine: (to Gabriela) Do you get it? How many 16 shapes could we make? (to 
Christian) 
Cherry: The shapes have to be.  
Christian: Well I'm making one. 
Cherry: You could only use 16, the amount of 16. You can’t go over 16. 
Katherine: She don’t get what I'm saying. 
Christian: I know. 
Cherry: I don’t. I don’t think anybody gets what you’re saying. 
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Christian: Say it again. What? 
Katherine: Do you get it? How many shapes can you make? 
Cherry: How many shapes? Sixteen! 
Gabriela: No, you can’t. 
Cherry: Yes, you can make sixteen shapes. You can make way over 16. 
Christian: You can make like, look she saying that. 
Cherry: Oh hexagons (she means trapezoids)? That’s what I’m saying. You can 
make like over twenty of them. 
Christian: She’s saying that how many? 
Cherry: I understand what she’s saying. 
Christian: But you didn’t! You said, “No one understands what she’s saying”. 
Cherry: We wish you a not a Merry Christmas. 
Christian: That’s sad. 
Cherry: And a not good new year (12.09.03, lines 471-498). 

 
By engaging in math talk through questions and what I have determined as 

“invitations” students extended conversations as they struggled to understand how to do a 

task, develop multiple solutions, and come to consensus on how to interpret the task. 

What began as an invitation from Gabriela, “Look, I made a cat,” concluded with a 

powerful conversation about how to interpret and understand what the exploration meant. 

As the small group looked at each other’s work, the students tried to determine how to 

solve the problem of making trapezoids with any number of Pattern Blocks. Specifically 

they wondered if it meant to make all the possible shapes for trapezoids using 1 to 16 

Pattern Blocks, or to make 16 trapezoids with 1 to 16 Pattern Blocks. The exchange 

initiated by Katherine (How many could we make?) appeared straight forward, but 

indicated a possible confusion. While the task could be interpreted in different ways, this 

issue had not been addressed in the whole group conversation and it fell to the small 

group to sort out. The conversation did not completely address the dilemma and they 

were still unsure about how to work through the mathematical task. This small group’s 
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poster indicated that they used both interpretations; for some numbers they had multiple 

trapezoids and for others just one trapezoid. 

Discussion on Creating Openings for Peer Understandings 

Strategies used by the students to get support during a mathematical exploration 

involved asking questions and inviting comments through brief and extended 

conversations. The questions usually elicited answers, while the comments worked to 

invite students to offer a response. Both provided a space in the conversation that was 

generated by the speaker, although the “invitations” may have created an unintentional 

space. The extended conversations included both questions and invitations that supported 

the conversation and increased the potential for more students to participate in the group 

to make sense of the mathematics.  

As an adjacency pair (Sacks et al., 1974) when direct questions were posed, the 

students expected and generally received a specific answer. However, the answer did not 

necessarily support the student well enough to maintain that student’s functioning in the 

group. Both Ernesto and Alberto asked “What did she say?” and “Which one are inches?” 

and received specific answers. Neither student could continue the mathematical task with 

the information they received and eventually were shown how to complete the task. 

When the students doubted their ability to continue with the task, they asked questions 

that provided a space for peers to support the student in making sense of the mathematics. 

However, asking a question was not the only strategy that provided this space for 

dialogue.  



94

A different way that the students asked for clarification was not by asking a 

question, but by offering a statement that invited another student to look at their work. 

While questions inherently request a response in the form of an answer, the statements 

invited other questions or statements. At the end of the utterance a space became 

available for others to speak. When invited, the students would comment on each other’s 

solutions to a problem-solving exploration. The statements functioned as invitations to 

engage. The students commented about their explorations about a geometric design, 

whether the design they had created fit the criteria of the problem solving exploration or 

an idea they had about the mathematics. While talking aloud may have been meant to 

serve the student to organize his or her thinking (Pimm, 1987), it also appeared to invite 

others to respond to what had been said. Through this “invitation” others engaged with 

the speaker and help support that student’s mathematical understandings.  

Negotiating Multiple Interpretations  

Negotiating Multiple Interpretations describes the students’ math talk as they 

experienced disagreements, negotiated different interpretations of the mathematical task, 

and supported each other’s solutions. Math talk took place within the confines of the 

mathematical tasks as the students interacted with each other to find a solution. 

Students’ mathematical explanations includes mathematical arguments and 

justifications for their thinking (NCTM, 2000). However this must take into consideration 

“what counts as mathematically different, mathematically sophisticated, mathematically 

efficient, and mathematically elegant in a classroom” (Yackel & Cobb, 1996, p. 461). 

These standards were reflected as students worked together to communicate their 
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understandings through mathematical tasks and developed taken-as-shared knowledge. 

Although the engagement in the process of developing sociomathematical norms 

provides a environment that fosters skills in communication that includes argumentation, 

it does not guarantee students’ communication or mathematical skills are strong enough 

to make their thinking understood (Cobb, 1995; Lampert & Cobb, 2003; Wood, 1999).  

Developing math talk to work towards multiple interpretations evolved over the 

course of the Math Club. The students had to continuously negotiate how to work 

alongside of each other while struggling to make sense of the mathematics. Although the 

social conflicts decreased, they never disappeared completely. These processes continued 

to develop as the students worked through social norms and into the development of 

sociomathematical norms with a focus on mathematical understandings.  

Learning How to Disagree  

Students in the club were initially unfamiliar with how to engage in conflict that 

was mathematical in nature, such as disagreeing about different interpretations of 

mathematical information as they developed their understandings. Initially the students 

did not see the opportunity to share multiple interpretations and were unsure how to 

proceed. In the transcript below the students of the small group was shown an illustration 

of Picasso’s 1921 painting the Three Musicians as portrayed in The Story of Painting: 

From Cave Painting to Modern Times (Janson & Janson, 1966). In this task they were to 

point out shapes and identify them.  

Ernesto: I see the rhombus. That’s cool. 
Cherry: That ain’t no rhombus, that’s a trapezoid.. 
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Ernesto: That is! That’s a rhombus. 
Cherry: No it’s not! A rhombus is a diamond. A trapezoid – 
Ernesto: Oh, yeah, huh! 
Cherry: Retard. Blah, blah, blah, blah, blah (10.28.03; lines 85-91) 

 
Throughout the duration of the Math Club, students in the small groups struggled 

to work together and at times communication ended without reconciling their different 

understandings. In each session students negotiated how to work together, developed a 

mutual understanding of the mathematical exploration, and shared what they thought. 

The students at times were unable to bring in information about the properties of the 

shapes and therefore the discussion dissolved into a back and forth exchange in which the 

conversation did not progress. The work of Burger and Shaughnessy (1986) suggest 

students were in the beginning stage of the van Hiele framework. This framework offered 

instructional sequences for the developmental levels of geometric understandings. 

Students appeared to be at Level 0 “Visualization” in which they considered the whole to 

reason about the specific geometric shape. 

As the club progressed, however, and their information about the properties of 

shapes increased and perhaps advanced towards Level 1 “Analysis” of the van Hiele 

framework, students engaged in what may be considered a precursor to mathematical 

argumentation (Wood, 1999). They justified their positions by offering physical evidence 

through counting sides and comparing shapes. They also retreated from their original 

positions in the discussion. In this transcript excerpt, Cherry physically compared her 

shape to Juan’s to bolster her argument that the shape she had made was the same as the 

one Juan considered for the poster. She then retreated from that position. 

Juan: How about this one? 
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Christian: Yeah, do it. 
Cherry: I did that one.  
Juan: No, no, no. 
Cherry: Yes, I did! [Touches one on the poster.] 
Juan: What, this one? [Holds it up to show her.] 
Cherry: Oh, no, I thought you were talking about that one! [Touches the same one 
she had just touched.]  
Juan: I was going to say, I already did that one. 
Cherry: 1, 2, 3, 4, 5, 6. Oh, I can make a six look like that one, wait up. Let me 
see. 
[She takes it from Juan, and brings it closer to the poster.] Oh, that would be the 
six shape (11.25.03, lines 497-508). 

 
Cherry and Juan originally had disagreed about a shape that had been placed on a 

poster on hexiamonds, but through physical comparison (and a more conciliatory 

attitude), they resolved the disagreement.  

In the mathematical task How many rectangles? that used a one by fifteen array, 

Christian, Angel and Gabriela attempted to convince each other that making rectangles 

with three squares or five squares would be the only combinations that worked (Figure 

3.10) .  

Figure 3.10: Rectangles by Three's and Five’s 
 
Christian: So, we stop at seven. 
Angel: No, stop at… 
Christian: Seven. 
Gabriela: Yeah, if you go the eight, you’re going to need one more. 
Christian: Cause I did like from all the way four. 
Gabriela: Maybe we can only do one through five. This is like one, right. Two, 
three, four five, seven, eight. It won’t go to the fours. 



98

Angel: You could do fours.  
Gabriela: No, you can’t 
Angel: Oh, no, huh. You have to do 1, 3, 
Gabriela: You could do 3’s and 5’s, but not 4 and you’d have to skip seven 
because it’s 14. (1.06.04;lines 447-458) 

 
In this excerpt the students used their previous knowledge of rectangular arrays 

and the factors by which they could be divided. In this case they attempted to divide this 

rectangular array of 15 squares using the multiples threes and fives (Figure 3.10). 

Because this problem, How Many Rectangles, appeared to require a numerical solution, a 

count of the number of possible rectangles, the students had many extended discussions 

around how to solve this mathematical task. Within the conversation, Angel said, “Oh, 

no, huh.” and acknowledged Gabriela’s comment that “fours” were not possible, although 

she did not offer an explanation, a rationale, until after he conceded. In the math talk 

about the tasks the students learned how to disagree and accept another view through 

physical comparisons and carefully listening to the other students’ contributions to the 

discussion.  

Negotiating Different Interpretations of the Problem: What Constitutes an Answer?  

Students developed their math talk though negotiating how to solve the 

mathematical task. The Math Club activities that required specific answers, for example a 

worksheet on the properties of lines, did not require the same level of negotiation because 

the answers were more clearly delineated (see Appendix G). Many of the mathematical 

tasks, in contrast, required that students decide how to solve a problem and what 

constituted an answer, and this provided opportunities for multiple interpretations. In the 

mathematical task How many ways can you make a four-sided shape, a quadrilateral, by 
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putting blocks together? (see Appendix C) the students made quadrilaterals out of Pattern 

Blocks and transferred what they had made onto triangular grid paper. This excerpt 

portrays students in a small group as they worked to understand each other’s 

interpretation of the task.  

Cherry: I did a diamond. I’m on my favorite bigger hexagon. [She used one 
vertex of the hexagon as a corner of the shape. She traced it and when she 
removed the pieces she had a parallelogram. 
Juan: That’s not four. 
Cherry: If I have any room.  
Juan: Yeah it is. Look it. 1, 2, 3, 4. What did I make? That doesn’t look right. 
Christian: Dude! That’s not four! 
Katherine: That doesn’t even look like four. 
Christian: That’s not four. 
Cherry: That’s not right. 
Christian: That’s not right. 
Cherry: You’re all playing with me! 
Christian: The big one, that’s not right. [Cherry’s large parallelogram covered 
most of the triangular grid paper] 
Cherry: So, Miss Kahn said we can make big ones! 
Christian; Yeah, but it’s not four sides. 
Cherry: Yes, it is. 
Christian: No, it ain’t. 
Cherry: Look - 1, 2, 3, 4! (11.13.03; lines 519-548). 

 
The students’ responses indicated an attempt at negotiating different 

interpretations of how to “make a four-sided figure”.. Cherry had drawn the shape 

directly onto the triangle grid paper and eliminated the use of Pattern Blocks. She thought 

she was finished because she had considered all the triangles on the grid paper to be the 

same as Pattern Block triangles. She had solved the problem differently, and offered 

proof by counting the sides of the shape (Krummheuer, 1995; Yackel, 2002). Although 

Cherry’s group did not initially accept this solution, it became an accepted way to make 
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quadrilaterals. Through the discussion the students took a step towards accepting more 

than one interpretation of the mathematical task.  

In the mathematical task, Hexiamonds students worked together to create a poster 

or chart that displayed a complete set of unique shapes of six or less triangle Pattern 

Blocks. The focus of the task included composing and decomposing shapes as well as 

understanding congruency. The students were unsure about what criteria to use in 

creating the shapes and selecting them for the group’s poster, and this uncertainty 

fostered math talk.  

Cherry: Oh, I came up with another shape Katherine, look. 
Juan: It’s already made. 
Katherine: I’m making a Pac man with a hat 1,2,3,4,5,6. 
Christian: What about like this or like this? 
Katherine: I don’t know. Ask Ms. Kahn. 
Cherry: Is this considered a shape?  
…
Katherine: Yeah, we have that one already. Right there. 
Cherry: Let me see, Katherine. 
Juan: No, it isn’t. 
Katherine: Yes, it is. 
Juan: No, it isn’t. 
Christian: Is this considered a shape? 
Katherine: Wait. Where is it? I see one more. 
Cherry: Now we have to show our presentation. Let’s see how many shapes we 
got. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19. 
Katherine: No, those don’t count. 
Cherry: Yes, they do. 
Katherine: No, these are the ones that are extra. They don’t count.  
Christian: Is this considered a shape?  
Katherine: This one don’t count because it’s more than six shapes. (11.25.03; 
lines 748-764)  

 
The students’ work focused on their attempt to define what counted as an 

acceptable answer and worked towards negotiating a sociomathematical norm (Yackel & 

Cobb, 1996). Christian attempted to determine what constituted a shape and asked 
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repeatedly as to what made a “hexiamond” possibly to avoid duplication of congruent 

shapes. Cherry talked aloud about her shapes and continued the conversation as the small 

group responded to her. Their uncertainty and the open construction of this mathematical 

task encouraged the students to talk with each other about their mathematical 

understandings about congruency.  

This transcript indicated that the students used strategies for making their 

mathematical understandings more clear. Christian counted and pointed to his shapes to 

prove the shape had six triangles and was unique. Katherine labeled her shape after the 

video game, “I’m making a “Pac Man” with a hat 1, 2, 3, 4, 5, 6.” Neither used the 

position of the triangles within the shape to compare it to another. The students found 

alternative ways to talk about their interpretations of the problems and to work on what 

constituted an answer. 

In the exploration about building trapezoids, students also had been asked to 

create a poster that represented their findings for the group as a whole. They moved from 

asking advice of each other to working towards their public presentation. They had 

already addressed what made a trapezoid and what constituted an answer. They 

negotiated how to work together to complete the task.  

Cherry: Katherine, look. 
Katherine: Clip, clip, clip. Cut it out. 
Gabriela: We need 12’s. 
Christian:  I found us a four, Gabriela. 
…. 
Cherry: Oh, I made one of 12. 
Gabriela: Okay, but I’m barely on five!  
Cherry: Okay, I’ll just cut it out and save it for when you get to a 12.  
Christian: Look see, I made one with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14. I 
made one with 14! 
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Katherine: Wait, wait, wait. I got another five. Wait up.  
Gabriela: Okay. (12.04.03; Lines 706-745) 

 
In this transcript the group worked together to create a poster that demonstrated 

trapezoids with one to 15 Pattern Blocks. Each member worked towards the finished 

product. The need to discuss the properties of a trapezoid was not evident. While Cherry 

and Christian focused on making a trapezoid to fit each number, Katherine was making 

multiple trapezoids to fit each number. They pulled together as a small group and focused 

their energy on completing the task. Christian’ reference to “a four” indicated that this 

terminology already had a meaning that was shared by others in the group. 

Supporting Each Other’s Solutions: Attempting to Think Together 

In this category students worked together in an effort to understand how the other 

student approached the solution. The students throughout the club worked on 

mathematical tasks that strengthened their concept of congruency and composing and 

decomposing shapes. While these tasks focused on geometry the students attempted to 

engage in math talk that furthered their understanding of the concept put forward in the 

task.  

In the exploration How many rectangles? Christian, Gabriela and Angel worked 

on a mathematical task, a combinations problem, whose solution was not easily found 

using the illustration presented with the task. This group negotiated how to interpret the 

problem.  

Angel: I did it a different way. 
Gabriela: You’re (Christian) doing it different. See we’re not doing the same 
thing. 
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Angel: One, two and three and four and five, six and oops the big one. [Angel 
divided a large rectangle into small rectangles of two squares each and had one 
left over with three squares.] 
Christian: It has three squares. 
Angel: I know 
Gabriela: I don’t even know what I’m doing. 
Christian: Well you have to explain it to us 
Gabriela: Well not just yet. 
Christian: Well you’re doing it. How can we help you if you don’t even know? 
(1.06.04; lines 267-278) 

 
This group attempted to find a way to talk to each other about how they 

interpreted the problem. They showed each other their tentative solutions using gestures 

and through coloring the squares to match their verbal descriptions. They were not able to 

explain their process in its entirety, and wanted to support each other in talking about the 

work. 

Later in the same session, the group did fully engage in an attempt to explain the 

process to each other that they used to solve the problem. Gabriela asked Christian and 

again they negotiated how to interpret this problem. Christian attempted to explain his 

idea. Gabriela and Angel struggled with how to make rectangles out of the 15 squares 

that were not multiples of 15, i.e. 3 or 5. Christian meanwhile discarded the strategy of 

using sets of three or five squares to indicate rectangles. He combined squares in multiple 

arrangements and used squares over and over to increase the number of rectangles he 

identified (Figure 3.11). In the extended transcript this talk seemed to be an attempt to 

understand each other’ position. I joined this group as a listener, and did not resolve their 

mathematical argument. 

Christian: I don’t know. I just keep on counting them all.  
Gabriela: Yeah, but how did you do it? Like fours? 
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Christian: One, two [Reaches across to Gabriela’s paper and points and sweeps 
his hand across the illustration as he is counting.] 
Gabriela: Yeah, but you have one, you have two, you have three, and then you 
have three left over. [She has pointed to a set of four, a second set of four and a 
third set of four. She motions that in the rectangle of 15 squares, 3 squares remain 
unaccounted for.] 
Christian: But why should I count them, if there’s three left over?  
Gabriela: Yeah, but. 
Angel: You’re supposed to! 
Christian: I do? 
Angel: Yeah, to do the whole thing. 
Gabriela: You can’t do it by four, because then you’re going to have three left 
over and you already counted with threes. 
Angel: You could do a five. 
Christian: I counted with three also already. Miss Kahn, could we have like 
leftovers? [He has taken their idea of side-by-side rectangles and is trying to 
understand it. He has labeled the squares that were not counted as “leftovers”. His 
strategy has no “leftovers”.] 
Kahn: Talk to them. You decide. You decide as a group. 
Christian: Could we? 
Angel: Because we have to like make it to 15. Like seven. 
Christian: But we don’t even have to make it all equal. [He did not go further 
with this point] 
Gabriela: I know, but he already did with three. Remember? 
Christian: I could always do four, and there’s just another four, and four and four. 
[He selected the first four. Then selected the next set of four that began with the 
second square. Then he selected the third set of four that began with the third 
square, etc.]  
Angel: You could do seven, but then there’s going to be one extra. 
Gabriela: Yeah. 
Christian: Sevens? Actually, I did the sevens. There’s actually 15. 
Gabriela: That’s why. Seven plus seven is 14, and then there’s going to be one 
left over! (1.06.04; lines 419-487) 
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Figure 3.11: Capturing Rectangles by Four Squares 
 

This group approached an understanding of two different interpretations of the 

problem. Each attempted to understand the other’s process of finding a solution, and what 

constituted an acceptable solution. Understanding what each other meant was clearly the 

most important part of this discussion, because it was not possible to go further without 

agreeing to an interpretation of the problem. Christian did not explain his interpretation of 

the problem except through multiple gestures and vague explanations. Gabriela and 

Angel believed that only certain numbers would work, for this array, the factors. They 

had interpreted the problem to mean, how does one count rectangles in a set of 15 squares 

when only threes or fives are factors? Therefore only rectangles made of three squares 

would work; there would be five of them. Also only rectangles of five would work; there 

would be three of them.  

In the next Math Club session, Christian again showed his way of solving the 

problem to the group. I demonstrated different ways to record their mathematical 

understandings, such as diagrams and tables, a t-chart. It is unclear as to whether or not 

they would have agreed to solve the problem mutually. Their engagement in multiple 
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extended discussions required them to listen to each other’s solutions and allowed for 

different understanding to emerge in this small group. This was an essential aspect of 

eventually solving the problem.  

Discussion about Negotiating Multiple Interpretations 

This section looked at the different aspects of talking with peers that had to be in 

place for the students to successfully engage in problem-solving explorations. The 

students in the Math Club negotiated how to work with each other and how to work on 

solutions to problem solving explorations; as such they negotiated sociomathematical 

norms (Yackel & Cobb, 1996). Because the Math Club included students who were in 

different grades and from four different classrooms, when the students gathered in the 

small groups, they did not know each other well. There were social conflicts and a 

general failure to support each other’s ideas or work towards solutions. As the social 

conflicts declined, the students’ concentration on the mathematical tasks increased; they 

negotiated multiple interpretations of the mathematical explorations and worked towards 

solving the task together. This process, however, was not a linear one. In each Math Club 

session the small groups had conflicts that they had to renegotiate that included what the 

task expected and how to work towards a solution set.  

Several factors may have influenced the process of negotiating multiple 

interpretations. Initially, the activities in the Math Club did not require students to work 

together as a group of four, but began with pairs. Finally, as the activities became more 

complex and the tasks became mathematical explorations, the entire group needed to 

work together to come up with a solution.  
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Discussion 

The Math Club began with an open-ended mathematical task, Build What I’ve 

Created. The sessions that immediately followed were more traditional paper and pencil 

tasks that I believed addressed the students’ limited vocabulary and experiences in 

working with Pattern Blocks and geometric shapes These worksheets required specific 

responses and did not promote finding multiple solutions.  

As I moved the club towards mathematical tasks that required problem solving, 

the students communicated more mathematically. For example, in the sessions where the 

students created Hexiamonds, students negotiated the meaning of congruency to avoid 

gluing duplicate shapes onto the group poster that specified unique shapes.  

In the Trapezoids 1-16 mathematical task, there were more points to negotiate, 

including the interpretation of the problem, how to work together to solve the problem 

and address whether or not one students’ solution should be applied to the entire problem. 

Finally, the focus group’s engagement with the rectangle problem demonstrated the 

students’ attempts to fully negotiate understanding about what the problem required, 

support each others’ understandings and teach one another how to solve a problem. To 

this end the students in the Math Club negotiated sociomathematical norms that 

supported their process of engaging in mathematical tasks (Yackel & Cobb, 1996). 

Throughout the mathematical tasks the students used different strategies and 

processes that supported them as they engaged in math talk. While the mathematical tasks 

provided one part of a mutual context for the students, the students did not always know 

how to explain their mathematical thoughts. One of the processes they used included 
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gestures. Gestures provided visual support within their conversations as they shared their 

solution strategies with others (Elbers & de Haan, 2005; Morales et al., 2003; 

Moschkovich, 2002b). Through the gestures mathematical understandings developed 

with a sweep of the hand (iconic) or a pointed finger (deictic) and provided support for 

the math talk (Roth & Lawless, 2002). Similarly as students began to report on their 

understandings through charts and tables, recording devices emerged as a powerful tool 

for their thinking (Vygotsky, 1978).  

The students’ use of everyday, familiar language also supported their discussions 

(NCTM, 2000). Because most of the students had a limited background in geometry and 

the associated terms, when they were required to use them they brought language they 

knew as substitutes for geometric terms. Although it appeared they were, according to 

Dina van Hiele levels at the Level 0, Visualization, initially, later in the club they 

attempted to use “an informal analysis of component parts and attributes” (Burger & 

Shaughnessy, 1986, p. 31) thereby approaching Level 1, Analysis. Through the everyday, 

familiar language the students were able to engage in the mathematical tasks with their 

peers.   

The students used the two different strategies to ask their peers for support in 

clarifying their mathematical understandings. They asked direct questions and also 

offered “invitations” both aspects of adjacency pairs (Sacks et al., 1974). The questions 

immediately signaled a need for help and were readily addressed. Students also made 

statements that were responded to as if a question had been asked.  
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The “invitation” appeared related to students’ self-talk. In schools, as well as the 

general population, talking aloud is considered outside of the bounds of typical two-

person exchanges (Goffman, 1981). However, it seemed that when the students talked 

aloud they were attempting to organize their thoughts as Pimm (1987) suggests. The 

mathematical tasks typically took most of the time across multiple sessions. When a 

student in a small group did speak after a period of silence within the group, the other 

students may have interpreted this self-talk as part of an adjacency pair that began a 

conversation anew.  

In some situations this was a method of getting support when a question may not 

have been addressed. Either the student may not have known how to ask the question or 

the small group in which the student may have posed the question may not have had an 

answer and the conversation would have stopped.  

Mathematical representations such as the recording devices of charts, tables and 

diagrams served the students as vehicles to record their solutions and to reflect on them 

(NCTM, 2000). Also, within the process of putting together a poster for the presentation, 

the students confronted each other’s ideas about what belonged on it. This provided an 

important step in the math talk and brought the students together for a common goal. The 

recording devices also provided students with a way to organize information in order to 

know whether they had completed the exploration, although it was not exclusively used 

for this purpose. In the rectangle problem the students would not have been able to solve 

the exploration without a recording device and the students used it in place of diagrams 

that provided the same information through pictures.  
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Finally, the process by which students came to engage in math talk took time. 

Initially they had to learn to work together. Eventually they had to find ways to value 

each other’s solutions to the explorations. The math talk in all small groups was not 

continuous especially as the students moved from social to more mathematical 

interactions (Wood, 1994; Yackel & Cobb, 1996). As the students worked to understand 

the group’s interpretation of the problem, there were many quiet moments. The mutual 

context, the mathematical task, maintained the thread of the conversation and towards the 

end of the club most of the talk focused on the mathematical activities.   

Summary 

This chapter addressed the research question, “What processes did students use to 

facilitate their talk about mathematics?” The data analysis revealed students use four 

processes to facilitate their talk, Visual Cues, Connecting Language to Mathematical 

Concepts, Creating Openings for Peer Understandings, and Negotiating Multiple 

Interpretations. While the categories were developed independently, they were 

interrelated and would not be used in isolation by the students to facilitate math talk.
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CHAPTER 4  CREATING AN ENVIRONMENT FOR MATH TALK 

When I encourage students to have conversations about what they are learning 

about mathematics, some appreciate the opportunity to engage in math talk while others 

are more reluctant to have this conversation. I realize that many factors influence how 

students engage in mathematics and talk about their understandings in discussions with 

their teachers or small groups of peers, but was unsure of the nature of these factors and 

how they influence each other. Students whose previous mathematics classrooms reflect a 

more traditional paradigm in which the teacher talks and the students listen may have 

fewer opportunities to express themselves. Further, the teacher may have been more 

evaluative and interacted with students in ways that followed a traditional pattern of 

interaction (Mehan, 1982). This chapter provides a framework that emerged from the data 

to demonstrate the complexity of one particular environment and its effect on the ways in 

which students think and talk about mathematics. 

Numerous studies exist on the factors that influence math talk and the ways in 

which classes are organized so the students actively engage in doing and talking about 

mathematics (Ball, 1991; Cobb, Wood, & Yackel, 1991; Lampert, 1990, 2001). In these 

yearlong studies, Ball and Lampert taught their own classes as mathematics educators, 

while the teacher in the study with Cobb became part of the research team and was 

supported in this endeavor. I add to the research of examining student talk within a 

classroom environment, although the Math Club was an after school classroom context.  
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Through a critical analysis of the environment, I examined the factors that 

influenced the math talk of the students in the club to address the research question of 

“what are the factors in the classroom environment that influenced students’ math talk?” I 

analyzed videotapes, audiotapes, student work, observational field notes and my teaching 

journal. Categories emerged that portrayed different aspects of the Math Club 

environment within which the mathematical tasks took place. The categories are 1) 

Characteristics of the Mathematical Task, 2) Routines of the Math Club, 3) Space for the 

Whole Child, 4) The Role of the Teacher and 5) Students’ Engagement with the Task.  

Characteristics of the Math Task refers to the expectations of the students’ 

mathematical knowledge, mathematical language and type of student interactions 

required to successfully engage in the task as it was originally defined. Routines of the 

Math Club refers to the way in which I structured the environment to create a predictable 

environment for the students and provide an organization for the club agenda. Space for 

the Whole Child refers to the opportunities available for the students to talk about their 

lives outside of the school day with their friends and myself and to build community 

through this talk. Role of the Teacher refers to the ways in which I supported students’ 

engagements within the mathematical tasks. Students’ Engagement with the Task refers 

to the ways in which the students actually engaged in and committed to working on the 

mathematical task and how that focus influenced students’ conversations and completion 

of the task.  

This analysis of the club environment reflects one way to address the classroom 

context for math talk with this group of students. Although the categories are distinct, in 
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reality each is deeply interrelated to the others. When viewed together one can develop a 

more complex and accurate understanding of the context within which the tasks occurred.  

In this chapter, three mathematical tasks function to illuminate this analysis and 

are organized by Sets One, Two and Three. Each set is analyzed separately and in the 

discussion at the end of the chapter I will look at the interaction across the categories. Set 

One includes three sessions that took place at the beginning of the club. Set Two includes 

four sessions at the end of the club with the majority of members present and Set Three 

consists of three sessions that occurred with a focus group of three fifth grade students 

who met after the club officially ended. Each set includes the analyses of the Math Club 

sessions related to a specific task, including the introduction of the task and its eventual 

completion.  

Task selection was crucial. I organized the tasks in such a way that all of the 

students participated and chose those tasks that I believed showed great potential for 

math talk (Stein et al., 1996). I chose to analyze these specific data sets because they 

provided a broad range of activities, engagements and interactions with the students. 

While they incorporate geometric principles, they each have a slightly different focus and 

provided a basis for my understanding of the context of the Math Club. They offered 

multiple perspectives because they differed in when they occurred, the work in which the 

students were involved and types of interactions the students had with each other and me.  

Set One: Build What I’ve Created  

This section explores how the first mathematical task, Build What I’ve Created 

(Gavin et al., 2001), was implemented in three sessions on October 16, October 20, and 
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October 28, to create the first part of the Math Club context (see Appendix B). For many 

of the students in the after school club, reform-oriented mathematical tasks were a new 

experience and required learning new ways of interacting with the task and with each 

other. In each of these three sessions the same mathematical task was used to create a 

mathematical context within which the students were expected to become involved.  

Stein, Grover and Henningsen (1996) analyzed 144 mathematical tasks on task 

features and cognitive demands. Task features included the number of solution strategies, 

the number and kind of representation the task required and how the students were to 

communicate about the task. The cognitive demands included the levels of mathematical 

thinking required by the task. Through their research they found tasks required different 

cognitive levels from low- level to high-level. Their study indicated that low-level tasks 

did not result in high-level engagement. However, although the more cognitively 

challenging tasks had the potential to engage the students in “doing mathematics,” it 

wasn’t guaranteed.  In “doing mathematics, a person gathers, discovers, or creates 

knowledge in the course of some activity having a purpose” (NCTM, 1989, p. 7). I 

believed that Build What I’ve Created met the criteria for Higher-Level Demands (Stein 

et al., 2000). In this mathematical task the students built Pattern Block designs of twelve 

blocks or less and asked another club member who had not seen the design to re-create it. 

The two roles were describer and copier. The former offered information about the 

design, while the latter used another set of Pattern Blocks to re-create it. At the end of the 

description both students were to reveal their designs, talk about the differences and 

switch roles. The task provided an opportunity for students across grades and classes to 
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work together within a mathematical task. In three sessions, students revisited this same 

task from slightly different perspectives:  

Session One:  
• Described Pattern Block shapes with characteristics  
• Practiced describing and building small designs in front of Math Club 
• Built individual designs and worked with a partner to recreate it 

 
Session Two: 

• Named the Pattern Blocks 
• Created small pattern designs with block paper cut outs  
• Talked through their designs with partners from different tables 

 
Session Three: 

• Found shapes in an illustration of Picasso’s Three Musicians (Janson & 
Janson, 1966) 

• Copied names of mathematical shapes and words that reflected position 
• Worked as pairs to describe designs that I had previously created  

 
Characteristics of the Mathematical Task  

Characteristics of the Mathematical Task refers to the expectations placed on the 

students that had the potential to influence the math talk. This analysis of the 

mathematical task included assessing the expectations for prior mathematical knowledge, 

mathematical language skills, student interactions with the task and frame of the task. 

While mathematical tasks based on the reforms provide multiple opportunities for 

students to engage in a mathematical content area and the mathematical processes of 

communication, these tasks vary in how they support the students in this endeavor 

(NCTM, 2000). This category focuses on analyzing the task expectations and task design, 

rather than on what occurred once students engaged in the task.  
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Mathematical Knowledge 

The mathematics for this task, Build What I’ve Created, were specific -- identify 

and locate blocks within a Pattern Block design, describe them to a partner, and assess 

whether the replicated design portrays the original. Students identified each Pattern Block 

used in his/her design by name or by its characteristics and explained its position within 

the design.  

The first aspect of the task was to describe each unique Pattern Block and so 

required students to isolate the characteristics of a shape. Students were to describe the 

shape through color, number of sides, corners, and, in some instances, angle size. 

Students were to combine the characteristics and report them to a partner. Students were 

to work with multiple Pattern Blocks simultaneously and that required an accounting for 

each block. As the information was presented to the partner, he or she was to determine 

the unique Pattern Blocks that were described and to which the characteristics belonged.  

The second aspect of the task required the students to recognize the position of 

the multiple shapes within the design. For this, both students had to be able to locate the 

shape within the design and reposition the shape as it was described. The task required 

the design to be mentally subdivided into its component shapes and then recombined with 

the other shapes to form the design.  

Mathematical Language

Students were expected to use mathematical language to participate in the task 

with their partner as they described the shapes’ description and location. The description 

of the shapes’ location required a vocabulary of position words. Position words suggested 
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in the task included “above, below, on top of, left, right, parallel, perpendicular, 

horizontal, vertical, and adjacent” (Gavin et al., 2001, p.11). The students were required 

to recognize and understand the position words and use them accurately.  

Additionally, the students were expected to use language to discriminate between 

more than one descriptions of perhaps the same shape. From different perspectives, the 

student’s design could be described to reference the same single shape as above one and 

below another or to the right of one and the left of another.  

Student Interactions within the Task

The task anticipated students’ ability to work together on a problem-solving 

exploration and to communicate mathematically with each other. There was an implied 

understanding that students knew how to interact with peers in a mathematical context. 

The mathematical context included the use of manipulative materials (Pattern Blocks) 

and making a design that could be explained to another. Student conversations were to be 

about the mathematics, their talk being directed to the descriptions and issues about 

recreating the design. 

The Frame of the Task 

Finally, students were expected to frame the task as a problem to be solved, 

which required a shift from a focus on completing a product, such as a mathematics 

worksheet, to analyzing how well they were able to recreate the other’s design, engaging 

in reflection. This required them to examine this activity as mathematics, but one where 

the “right answer” that was determined by a teacher was not in the final product (NCTM, 



118

1991). While the “product” in this mathematical exploration was recreating another’s 

design correctly, engaging in the process was the real task.  

The other shift required the students to analyze the process of describing and 

interpreting each other’s description accurately as well as developing strategies to 

improve their descriptions. In this situation the students, not the teacher, evaluated the 

final outcome and monitored the process. They were expected to take responsibility for 

participating in this task.  

Routines of the Math Club 

Routines of the Math Club refer to the structures that were put into place to create 

a predictable environment for the students and provide an organization to the club. In Set 

One these routines emerged as needs for organization that arose when the club started, 

and, in general, were not negotiated with students. These routines included moving 

through the environment, behavior expectations, and establishing sociomathematical 

norms.  

Moving Through the Environment  

The after school classroom for our club belonged to a third grade class that 

vacated as soon as the dismissal bell rang. The routines facilitated the movement of the 

students once they were in the room. I believed that once they learned how to move into 

and around the Math Club space, it would become that much easier and less chaotic to 

move about the room.  

Students signed in and received a snack with a drink to eat with others at their 

table (cluster of four desks) as they arrived in the room. Typically the snacks were 
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disposed of fifteen minutes into the session because federal guidelines prohibited any 

snacks from being taken home. After the snacks, there was a group mathematical task 

that included a student think aloud to describe designs with Pattern Blocks. In this student 

think aloud I invited a student or pair to stand before the class and explain their thinking 

and ideas. In many cases the other students did not engage in discussions because the 

students were modeling how to participate within the task. Small group activities then 

took place.  

In the Math Club, students sat in assigned groups and, at times, in assigned seats. 

The seating arrangement was written on index cards that had the students’ names and 

table number. It was flexible according to who was present that day. The index card also 

indicated who had the responsibility for getting the groups’ materials during that session. 

This routine reduced the disagreements about seating arrangements and responsibilities. 

Whenever possible the groups were equally divided across grades and gender to provide 

opportunities for the students to interact with others and get to know them. The decision 

to arrange the students in pre-assigned groups followed the first session that I wrote about 

in my teaching journal.  

Keep dealing with behavior, don’t ignore it or it will get worse. I did a lot of 
shhh-ing and also telling the kids what I expected. Not enough math talk and too 
much time getting our groups together. So Thursday we will have snacks and 
names at tables and a first activity to work as a foursome (10.14.03, lines 51-55).  

 

Behavior Expectations  

In addition to an organization of the general environment, a behavior plan was put 

into effect that held the students’ behavior to the same level as the regular school day. In 
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essence the club was an after school class and as such the students were expected to 

follow the same rules that were previously established. If during the Math Club, a student 

refused to sit with another or mishandled the equipment, for example, he or she was 

given a check mark on the index card. If he or she received three check marks in a 

session I would ask him or her to leave and return for the next club’s meeting. This did 

not occur during the course of the club. I put this behavior plan into place in an attempt to 

minimize the disruptive behavior of some of the students that included shouting out 

across the room, having multiple side conversations, tampering with the video and audio 

equipment, and disturbing the contents of the desks that formed their table.  

Students were expected to come to the club if they were in attendance during the 

regular school day. If the students chose to leave the campus without an excuse and 

missed four sessions, they were dropped from the club. This did not occur during Set 

One. By implementing the attendance requirements, I signaled to the students an 

expectation of following through with their commitment to the members of the club. 

Establishing Sociomathematical Norms

The mathematical tasks of the Math Club provided a variety of experiences that 

fostered and required different ways of responding to math talk that included listening to 

one another with respect, sharing individual mathematical ideas and working with each 

other. Initially the students were unfamiliar with how to listen and respond to one another 

as they discussed mathematical ideas. The notion of sociomathematical norms (Wood, 

1999; Yackel & Cobb, 1996) includes continuous negotiation with the students of what 

constitutes and answer and when it should be offered. In Set One of these norms included 
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asking the student to participate differently and establishing the routine of responding 

with respect, talking about their mathematical understandings and sharing their ideas with 

others in their groups. This occurred over several sessions through comments I inserted 

during whole group discussions.  

Kahn: Wait, wait, wait. I really want to hear what you have to say, but I want 
everyone to hear what you have to say, so I am waiting for Angel to sit down. 
Your hands are not on the blocks any more. Everybody’s quiet. Everybody’s 
respectfully listening to what Bobby has to say. 
Bobby: He said that there was five shapes with four sides and I got confused, 
because there’s a lot of shapes with four sides. (10.16.03, lines 42-52) 
 

In this example I established the routine of listening to each other without 

touching the manipulative materials. I also implied that students should listen quietly to 

one another as each other spoke. Many of the students’ voices were soft and tenuous as 

they explained their ideas and strategies and I wanted to develop a more conducive 

environment to sharing aloud. 

The students of the Math Club were from two grade levels and had not 

experienced talking in front of each other or, more importantly, talking about their 

mathematical ideas. To begin the process of negotiating sociomathematical norms I 

indicated that mathematical talk may include responses that are incorrect and that this 

would be considered part of our math talk.  

The mathematical task that I chose to begin the club, Build What I’ve Created,

did not have a specific answer or way to address the problem of building each other’s 

designs. Katherine was the first student to demonstrate this task. She could not see my 

two-piece design nor recreate it with the directions given by the whole class. I offered 
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reassurance and worked to underscore the importance of making an attempt at a 

mathematical solution. 

Angelica: Put one on top of the other. 
Kahn: Do you have it in your hand? Okay, turn around and show us what you’ve 
got? 
Alberto: She got three.  
Kahn: It’s not as easy as it looks, is it, Katherine? Very good. Let me show you 
what I have. You are a good sport and you know what? As a mathematician that’s 
what they have to take. They have to take risks and give it a chance. You are a 
good sport. I am going to show you what I have. (10.16.03; lines 225-232) 

 

By acknowledging Katherine for both attempting the task and “taking the risk,” I 

began to establish the context for participating in the Math Club. Finally, I expected the 

students to work with each other and turn to each other to discuss their ideas. To establish 

this as a routine, I asked the students to turn to one another to explain their ideas. 

Kahn: Instead of describing it to me, would you talk about it in your groups? 
Does everybody recognize that it’s a triangle and a square? 
Students: Yes. 
Kahn: How could you convince somebody to make these two shapes come 
together like that? Discuss it right in your group. (10.28.03; lines 280-285) 
 
As it became a frequent practice for the students to turn and talk with each other, 

the routine became established in the Math Club and helped the students develop a 

relationship with their peers through math talk.  

Space for the Whole Child 

Space for the Whole Child refers the ways in which the students brought attention 

to their personal lives and to themselves as individuals by making their interests known to 

peers and through one-to-one interactions with me in the club. Yackel (1995) contends 

that the relationship between personal relationships and mathematical explanations is 
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reflexive. Students had an opportunity to engage in casual conversations with their peers 

when the sessions began and the snacks were distributed. During Set One, I expected the 

students to fully engage in the mathematical task and to leave their personal 

conversations once it began. However, the data indicated that students expressed their 

opinions in areas unrelated to mathematics during the task. They found ways to bring 

their lives and perspectives into the Math Club even though I had not explicitly provided 

space for them to do so.  

Creating Personal Connections to Peers  

During Set One, students interjected their interests into the time set aside for the 

math task. For example, one student would stop the task and share personal information. 

He or she would solicit opinions about teachers, music or movie preferences, and peers, 

thus using the small group time to inquire about each other. In the excerpt below fifth 

graders, Gabriela and Yvonne, discussed recorders with Abel and Ernesto, fourth graders.  

Ernesto: I want to know how to play the recorder 
Gabriela: The truth is the recorder, it’s nasty, because you take out your spit and 
you press it and it gets out. You could see your spit drop. Look it. 
Abel: I know in the clarinet, you just put something in and the spit comes out. 
Yvonne: Ayye. 
Abel: And then the spit goes out (10.20.03; lines 2-43). 

 
Although the mathematics activity had already begun, the four students spent 

time talking about the musical instruments available at each grade level. As they shared 

their knowledge, they forged a connection to each other that they may not have had 

outside of the club. 
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In this excerpt the students had just constructed a design using paper cut outs of 

Pattern Blocks. Joe invited a response and, when Núria commented, Angel initiated a 

playful exchange. 

Angel: 1, 2, 3, 4, 5, 6.  
Joe: It looks so ugly, doesn’t it? 
Núria: Yeah. 
Angel: Núria does that! 
Núria: What! (Very precise, crisp) 
Angel: Says it. 
Núria: Yeah, well say it or I am going to hit him. 
Angel: Yes or no! Pick one! Yes or no. Yes or no, Núria. 
Núria: For what? 
Angel: Yes or no? Just pick one. 
Núria: No! 
Angel: No? Oh! I can’t believe that! 
Núria: I am asking you for what? (10.20; lines 14-29) 

 
Students used the small group time to strengthen their personal connection to each 

other and, in some cases, to develop relationships as friends. In the excerpt above, Núria 

commented on the quality of a design and, in turn, was teased by the two boys. Both 

excerpts indicated that these students provided space for themselves in the club. 

My Personal Interactions with Students  

The interactions I had with the students during Set One were not of a personal 

nature. My interactions included giving directions and instructions about the 

mathematical task. I did not engage in personal conversations or build more personal 

connections with students through conversations about our lives. 

Role of the Teacher 

The Role of the Teacher refers to what I did to negotiate the experiences with the 

Math Club. During Set One my role closely resembled the students’ teachers during the 
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regular school day making decisions for the students they may have made for themselves. 

I also provided students with access to the mathematics embedded in the tasks through 

using the students to think aloud with the class as I directed the discussions. Through 

these student think-aloud discussions and through repeated encouragement for the 

students to participate in mathematical discussions, I brought more students into the 

conversation than may have participated otherwise. 

Leading Student Think-Aloud Sessions 

To provide a context within which students would talk about mathematics, I 

provided total group time to engage in discussions. The discussions mirrored lessons as 

they specifically focused on the attributes that could be used to describe Pattern Blocks in 

support of the mathematical task and involved the Initiation-Reply-Evaluation (I-R-E) 

interactional sequence (Mehan, 1982). Each session began with a more traditional lesson 

on one of three topics --how to describe a shape, address the need of multiple 

characteristics and place the Pattern Blocks within a design.  

As part of the lesson I directed the students in a think-aloud experience. The 

experience consisted of the students engaging in the task in the front of the room based 

on what we had discussed. I believed that by having their peers engage in a think aloud, 

the students would more fully engage in the task and recognize their ability to participate 

in the task as their peers had done. It provided me with the opportunity to speak to 

difficulties the students would encounter as they built the designs that were described. In 

the transcript below Katherine participated in the first think aloud of the Math Club. To 
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re-create the design Katherine had to select a hexagon and a square and position the 

square above the hexagon (Figure 4.1) 

Figure 4.1: Hexagon and Square 
Kahn: Okay Katherine, would you stand right here with your back to the class. 
The class is going to see it, but you’re not. Don’t say anything okay? [to the large 
group] My shape would really be a little bit more complicated if it was on the 
table. But I have to hold it like this. 
…
Jorge: One has four sides. 
Kahn: One has four sides. [Katherine reached into the bag and selected a Pattern 
Block.] Could somebody else keep describing this, because we can’t possibly be 
done yet. Juan? 
Juan: One has four perfect right angles. 
Kahn: One has four perfect right angles. She has to make this, exactly this. What 
can she do to make exactly this? Just like this? Jasmine? 
Jasmine: Put one on top of the other. 
Kahn: Do you have it in your hand? Okay, turn around and show us what you 
got? 
[She placed a shape on top of another and had three shapes for her design] 
(10.16.03, lines195-228) 

 
Katherine demonstrated her understanding of the descriptions and instructions to 

recreate a small Pattern Block design with blocks stacked on each other. The information 

provided was insufficient to build the design. I believed that the student modeling would 

provide a context within which the students could recognize the problem associated with 

using only one characteristic at a time and having minimal directions.  
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In the second session, the group discussion resumed with describing shapes based 

on multiple characteristics of each shape to provide support for the specific pattern piece 

to be selected. The students practiced using position words to describe the location of 

specific Pattern Blocks. Finally, in the third session the students participated in a think 

aloud where they modeled using multiple characteristics and position words to describe a 

design on the board. In this lesson I emphasized how to support the partners in recreating 

the design through coaching the partner within the math task to use slides, flips and turns 

(transformations) to place the Pattern Blocks correctly. 

In each lesson and subsequent think aloud session with the children, I focused on 

an aspect of the math talk that seemed to be missing from the previous session based on 

my observational notes and the video and/or audiotapes of students engaged in the task. 

In the following excerpt I referred to the video I had seen of Angel and Yvonne’s first 

attempt with this mathematical task. I specifically referred to the use of gestures in this 

classroom discussion, because I believed at the time that if the students did not use them, 

they would generate more math talk. This is in contrast to the findings of Elbers and de 

Haan (2005), Morales, Khisty and Chval (2003) and Moschkovich (2002b) who 

determined that gestures provide an important context for student conversations. 

Kahn: What I realized is that when I was watching the videotape last time, I saw 
that Yvonne was doing this (motioning with hands). She was talking to Angel and 
instead of saying the word “turn” or “flip” she was very clever and was using her 
hand. She was doing something that actually made a lot of sense to her, but what 
ended up happening was [seen] on the camera. Well on the audiotape, because I 
was audio taping you too, I couldn’t hear you. Guess why not? 
Cherry: Cause she wasn’t saying nothing. 
Kahn: Cause she wasn’t saying anything. Exactly. 
Angel: Me, I was saying something. 



128

Kahn: And part of the reason she wasn’t saying anything is cause she didn’t need 
to.  What she was doing was perfectly right, just that. So now I want to just talk 
about ways to make sure that you say things a little bit better. (10.28.03;lines 127-
141) 
 
As part of the total group lesson I referred back to the previous Math Club session 

and highlighted an aspect I thought important for the students to succeed with this 

mathematical task. In the transcript above, I focused on the use of gestures. At the time of 

Set One I was interested in students’ use of verbal exchanges and had not realized the 

importance of gestures and the extent to which they supported students particularly those 

whose first language was not English.  

Inviting Students to Find Their Way into the Mathematical Conversation

While each session served to bring forward additional information to support 

students’ math talk in this task, another way that I supported students was through 

inviting them into the mathematical conversations. This category refers to how my 

actions within the total group discussions supported the students as they began the 

process of talking about the mathematics. It occurred in three distinct ways: 1) extending 

the discussion; 2) enabling them to see their friends as colleagues with whom they could 

have questions answered; and 3) using the discussion as a vehicle to learn geometric 

terms within the context of math talk. 

I extended the mathematical conversation through my repetition of an important 

question, for example, “How would you describe this shape?” By repeating and 

rephrasing the question, more students over time had the opportunity to share their 

understandings of characteristics and participate in the discussion. This allowed them to 
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engage with the topic and develop their own connections and insights (O'Connor & 

Michaels, 1996) 

The students were also asked to look towards other members of the club for 

information and support (Lave & Wenger, 1991). To encourage this practice I deflected 

questions away from me and redirected them to inquire within their small group or with 

other students in the room.  

Cherry: It’s a diamond shaped thing. I forgot the name. 
Kahn: Would you like to ask the class if somebody knows the name of it? 
(10.16.03; line 150-151).  

 
When Cherry indicated that she could not correctly label the shape I suggested 

other students had the information to share. This was to provide an avenue by which she 

could become part of the mathematics community and participate in the conversation. 

Finally, I supported and encouraged students to learn geometric terms and replace 

them with everyday language within the conversations. 

Kahn: So if you’re saying they are square on both sides, what does that mean? 
Anna: There are four sides. 
Kahn: There are four sides. So they’re quadrilaterals.  

 
In my role of the teacher I extended the conversation through repeated questions 

and requests for more specific math talk, I asked students to replace everyday language 

with geometric terms and did so in conversations. Finally, I asked students to turn to each 

other for support. This provided the students with the opportunity to participate in 

extended discussions that began to have the appearance of conversations about 

mathematics. 
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Student’s Engagement with the Mathematical Task 

Student’s Engagement with the Mathematical Task refers to the ways in which 

students actually participated in the mathematical tasks during the club. Given the context 

that I had established, this section focuses on how students interacted within the task. 

Students’ participation in the mathematical tasks of Set One included their active role in 

the student think-alouds through modeling, group discussions and in completion of the 

task.  

Thinking Aloud with Peers

Students’ engagement prior to working with the task included discussing within 

the total group and small groups, gathering the materials and deciding with whom and 

how they were going to work on the task. In the total group discussions preceding and 

following the mathematical task, students answered questions and offered suggestions 

related to recreating the Pattern Block designs. For these students whose instructional 

history reflected a more traditional paradigm where the teacher lectured and the students 

listened, participation in total group discussions posed a challenge to what they 

understood about the mathematics classroom (Silver, 1996). Whereas they were used to 

being passive learners who received information from the teacher, the Math Club 

required that they participate in student think alouds. In this think aloud the students were 

asked to participate in small group conversation about the figure (Figure 4.2).  
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Figure 4.2: Triangle and Square 
 

The shape that I drew on the board (above) was a triangle with the base parallel to 

the chalk tray and a square attached to the right side of the equilateral triangle. The initial 

responses from the students were to name the shapes. In their groups I asked them to turn 

and talk to each other, an interaction structure that I believed promoted math talk. 

Kahn: Instead of describing it to me, would you talk about it in your groups? 
Does everybody recognize that it’s a triangle and a square? 
Students: Yes. (chorally) 
Kahn: How could you convince somebody to make these two shapes come 
together like that? Discuss it right in your group. [I walked around.] (10.28.03, 
lines 280-285) 

 
They described how it looked, but did not describe the actions a student would 

have to take to situate the square adjacent to the triangle. Also, they were not sure how to 

receive each person’s contribution. When the group came back together, they shared their 

strategies, one of which was to name the shape by what it resembled, “a crayon, a house 

or a rocket.” I pressed, “But what else could I do? [to make the shapes come together]” 

Cherry responded to another’s suggestion of take out the square with “but you didn’t tell 

them where to put it.” Núria followed with “Like you could tell them to put it on the right 

side or the left side.” I again turned the conversations back to the small group. In this way 

I worked to facilitate mathematical conversations within the whole group. 



132

Altering the Activity

The students completed the math task, Build What I’ve Created, in the manner 

that best suited their needs. The activity called for students’ verbal description to be the 

sole method of exchanging information. Instead of engaging in this careful explanation to 

their partners about the design, however, they altered the activity. They looked over the 

divider that separated the original from its re-creation, used gestures to indicate moves 

and position of the Pattern Blocks and provided verbal directions to support his or her 

partner as the shape was being built.  

Looking over the divider created its own set of problems in that some pairs 

indicated to me that their partners had made their designs the wrong way, perhaps 

reversing directions for left and right. Initially the students worked across from each other 

and when they completed the design, their side-by-side images were reversed. In the 

following excerpt, Yvonne communicates with Angel and augmented her conversation 

with gestures as indicated in the video. 

Yvonne: One has four sides and the other one has four sides, too.  
Angel: Are they right angle sides? 
Yvonne: No. Right here. (She points to the shapes she wants.) Two are the same 
and the other two are the same. One has four sides. (She uses her hands to show 
the number four and motions to him to keep going. He pulls out doubles of 
trapezoids, white rhombi and two parallelograms.)  
[Angel snaps his fingers and she twirls her hand in the gesture of “C’mon, 
c’mon.” He looks at her. She removes a blue rhombus and slides it towards the 
design.] (10.20.03, lines 144-155) 
 
Instead of staying with the task and continuing to describe the shapes and their 
positions, she used gestures and pointed to the pieces Angel needed to select to 
complete the design. Yvonne rejected using only verbal explanations to complete 
the task and in doing so changed how the task was implemented and possibly its 
cognitive demands (Stein et al., 2000). 
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Discussion of Set One 

In Set One the math talk included students responses within the whole group 

discussion and their descriptions of the geometric designs in the task, Build What I’ve 

Created. I began the Math Club believing the club would function best as resembling a 

classroom with the routines and structures in place that managed the students’ behavior. 

Acting in the capacity of a more traditional teacher, I did not negotiate with the students 

about the environment, nor the mathematical task I selected (Silver, 1996). This language 

intense task might have been a more powerful mathematical experience had it occurred 

later in the club or if I had elicited students’ suggestions on how to support them as they 

worked with partners.  

Additionally the students needed time to get to know each other. In the regular 

classroom this takes place over the many hours spent together each day. In an after school 

club, however, with my concern over the limited amount of time, I did not provide time 

for students to make connections with each other.  

 The students worked to have their social and academic needs met and ignored the 

parameters of the mathematical task to succeed in the endeavor with their partner. In 

opposition to the “no looking” rule, they watched their partners build the Pattern Block 

designs, used gestures to support their conversations, and directed them explicitly using 

visual cues. They modified the task to better address their skills.  

Because they had limited experiences in problem solving, and because of the way 

this task was implemented, the students’ focus on recreating a hidden geometric shape 

was not as I anticipated. The students addressed it as an assigned task – something to 
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complete. I had believed the choice of mathematical task and the role I played in 

supporting their talk would provide the necessary components for rich mathematical 

conversations.  

The students took the time to develop their social networks. Their engagement 

with the task was a tool they used to get to know each other better and as such the math 

talk involved in this set was heavily interspersed with social talk. They were successful at 

completing the task and developed a math talk that included some geometric terms along 

with everyday, familiar language and gestures to support their engagement in the 

mathematical task (Moschkovich, 2002a; Roth & Lawless, 2002) 

Set Two: Trapezoids 1-16 

During the last mathematical task of the club, students explored making a 

trapezoid with any number of Pattern Blocks from 1 to 16. In the fourth and final session 

small groups presented their solutions to this problem. In each of the four sessions 

students extended their understandings of composing and decomposing trapezoids and 

developed skills in communication, problem solving and representation. The sessions 

proceeded in this manner with the students: 

Session One:  
• Gathered for carpet chat and discussed trapezoids and how to describe 

them.  
• Worked in small group to build trapezoids with 1 to 15 Pattern Blocks.  

Session Two:  
• Addressed strategies for building trapezoids.  
• Worked in small groups to build trapezoids and record them for a poster.   

Session Three:  
• Continued collecting trapezoids and finalized.  

Session Four:  
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• Small groups presented their findings. 
 

This task provided a rich context within which the students communicated and 

supported each other in building, recording and presenting a poster on trapezoids with 

different amounts of Pattern Blocks. The poster (chart) offered each group an opportunity 

to present their solution as it had been recorded. The students’ understanding of the 

mathematical task dictated whether multiple trapezoids were recorded for each number or 

whether a unique trapezoid satisfied the minimum requirement, sixteen in all. Further, 

students were expected to be articulate about the processes by which they came to their 

solution.  

This mathematical task demanded a high level of interaction and cooperation 

between the students in each group. The students worked as partners and in teams of four 

to build trapezoids with a previously determined number of shapes. While many 

trapezoids were mathematically similar to the original Pattern Block shape, others were 

not. It was the group’s decision to determine how the mathematical task was interpreted 

(Yackel & Cobb, 1996).  

Characteristics of the Mathematical Task  

Characteristics of the Mathematical Task indicate how the task was structured to 

influence the math talk. These characteristics related to the students’ mathematical 

knowledge that includes previous club experiences, the students’ use of mathematical 

language, student’s interactions with each other and how the task was framed. In this task 

the students were to describe the characteristics of trapezoids, build multiple trapezoids 
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with a maximum of 16 Pattern Blocks, and present a poster with their solutions and the 

strategies they used to create their collection. 

Mathematical Knowledge

Two subcategories describe the mathematical knowledge the students needed in 

order to participate fully in the activity. First it was assumed that the students brought 

their mathematical knowledge with them from previous mathematical experiences in the 

club. Second there was specific knowledge that the students needed as part of their 

general background knowledge in mathematics. 

Building From Previous Math Club Experiences

After the experiences of Build What I’ve Created , the students were given more 

traditional mathematical activities on the properties of angles and lines. To return to the 

focus of the club, supporting math talk, the students were presented with two reform-

oriented mathematical tasks over several sessions. Student understandings of shapes were 

influenced by these two preceding mathematical tasks on geometry. It was within this 

extended context of multiple experiences that the math talk developed. The tasks are 

briefly explained below.  

Task 1. How many ways can you make a four-sided shape, a quadrilateral, by 
putting blocks together? (11.13.03) (see Appendix C) 
 
Task 2. A hexiamond is a shape that can be made with six green Pattern Block 
triangles. How many different hexiamonds can you make? (11.18.03, 11.20.03, 
and 11.25.03) (see Appendix E) 
 
In the mathematical task on quadrilaterals, the students were to engage in small 

group conversations about quadrilaterals built with Pattern Blocks related to shapes used 

and size. Each individual was to record the quadrilaterals he or she generated onto his or 
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her triangle grid paper. This task provided opportunities for students to focus on multiple 

quadrilaterals and served to move the students back towards problem solving. However, 

they were not required to work together for a group presentation. 

With the second mathematical task, building hexiamonds, students were asked to 

generate all possible shapes with six Pattern Block triangles. Further they were to record 

the unique shapes, those not congruent to each other, on a single poster that reflected the 

group’s work.  

Through a modification of the original activity I inadvertently made it more 

confusing and less cognitively demanding (Stein et al., 2000). The challenge became to 

generate all the shapes possible with one, two, three triangles, etc. and build up to 

creating hexiamonds. Because I asked the students to do all of the shapes possible, and 

the task became much larger, the students could not focus on finding the unique set to 

satisfy the requirement of one complete set of hexiamonds.  

The students had not previously developed a collection of their work. They had 

many social issues to resolve and decisions to make that reflected their tentative foray 

into developing sociomathematical norms (Yackel & Cobb, 1996). Their negotiations 

included how to organize the group’s poster to illuminate their understandings of 

trapezoids and congruency. They also had to address and use recording and 

representation as a way to think through a mathematical task (NCTM, 2000). Each 

group’s poster determined their attempt at locating the unique shapes for all of the 

combinations of triangles. However, although a solution set existed, the students did not 

identify it.  
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Like the quadrilateral problem and that of the hexiamonds, the mathematical task 

of set two, Trapezoids 1-16 may have appeared to the students to be an exploration that 

did not include a solution set. It strongly depended on how the mathematical task was 

interpreted. Since the students had not found solution sets in the previous tasks, they may 

have concluded that answering the original question posed by the mathematical task was 

not important or relevant.  

Knowledge Required Within This Task

The first aspect of the task included the students’ identification of trapezoids that 

were larger than a single trapezoid Pattern Block. To develop a set of attributes that could 

be applied to trapezoids in general, the students’ identification would have included that 

any trapezoid had one and only one pair of parallel sides. The Pattern Block trapezoid 

had a single pair of parallel sides. However, because, it also was designed to be part of a 

set of blocks that fit together, the sides were one inch long and the base was two inches. 

This mathematical task required the students to shift their focus from the length of the 

sides to an understanding of parallelism and recognition the other salient attribute, the 

single pair of parallel sides.  

In the second aspect of this task students were to build models of trapezoids with 

different numbers of Pattern Blocks. The task indicated that at least one specific trapezoid 

could be made from one to sixteen Pattern Blocks and I provided a copy of that for them 

(see Figure 3.5: 16 Shapes in a Trapezoid, page 66) They were encouraged to use the 

single Pattern Block and the copy to satisfy the requirement for the first and last trapezoid 

of their solution set. 
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Building models required students to visualize a trapezoid of different dimensions 

and maintain this concept while they built larger trapezoids with more blocks. Trapezoids 

were built that were long and the height of one Pattern Block, while others had multiple 

layers of blocks as the enlarged copy demonstrated. 

In the final aspect of the task the students were to copy their trapezoids onto 

triangle grid paper and then color in the pieces to match the Pattern Blocks they had used. 

This transfer of the concrete shapes to drawing its representation required students to 

maintain the same position of a large numbers of shapes.  

Mathematical Language

In this mathematical task the students were expected to be articulate about shapes, 

specifically trapezoids, in identifying other shapes used in composing increasingly larger 

trapezoids. Also the students needed to talk about the multiple strategies they used to 

compose and decompose the shapes. Finally, it was anticipated that the students would 

have the mathematical language necessary to present their interpretation of the 

mathematical task to members of their small group and engage in discussions explaining 

that position. 

Student Interactions with Each Other and the Task

In this mathematical task it was anticipated that students would work together as 

they built a collection of trapezoids that would become the final solution. This would 

require a single poster to represent each small group’s effort. A critical interaction for the 

students involved with this engagement was the continuous negotiation throughout the 

task that reflected how the task was interpreted and the design of the poster.  
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Frame of the Task

This mathematical task was framed as a problem-solving exploration. However, it 

was implied that there was a solution to the task and each group was to work towards that 

solution. The students’ product was a poster and the poster could be generated in many 

ways based on how the students interpreted the mathematical task. This required the 

students within their small group, not the teacher, to determine what constituted a final 

product. I anticipated that developing a poster would support conversations and be a 

starting place to begin multiple levels of negotiation until it was completed. 

Routines of the Math Club 

The Routines of the Math Club refer to those structures that supported the 

students in the physical and procedural aspect of the environment. In the second set the 

routines that were established in set one were maintained or discarded. However, 

although they could still be grouped into broad categories of moving through the 

environment, behavior expectations, and learning how to respond, what occurred with the 

routines changed.  

Moving Through the Environment

During the second set, two routines changed that affected how the students used 

the classroom in which the Math Club was held. First, they participated in total group 

discussions that took place as they gathered on an open space in the carpet. Second, they 

were allowed to move about the room to visit other small groups and exchange 

information related to the task.  
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Our routines within the classroom included signing in, having snacks at clusters 

at their seats, and gathering in an open area on the carpet. The students were invited to sit 

on the carpet with their friends when snack time was over, and at times they were asked 

to bring their snacks with them for a “carpet chat.” Carpet chats were created for students 

to sit closer to each other as they shared their ideas and demonstrated with mathematical 

materials. 

Carpet chats signaled a more informal version of a mathematical discussion, and 

in fact replaced the more traditional mathematical lesson that I had used in the first set. 

During this time students and I engaged in math talk through conversations that 

encouraged multiple responses. For example, in response to “what makes a trapezoid?,” 

students used gestures as they built Pattern Block trapezoids and explained their thoughts. 

Similarly others used the blocks to build trapezoids in a demonstration format on the 

carpet.  

The milieu of the carpet chat provided a different level of interaction than was 

previously available by being seated at their desks. During the carpet chats, students’ 

strategies were acknowledged and time was provided for them to make connections to 

their earlier experiences in the club. It provided time for all of us to see strengths that 

may not have been apparent through more traditional lessons where the students were 

thinking aloud with their peers as an audience. Finally, carpet chats included discussions 

that were relevant to the students, though not necessarily related to mathematics or math 

talk.  
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The use of the room continued to be structured for the Math Club. The students 

sat in assigned seats at clusters of desks, tables, as indicated by index cards, and the first 

person listed gathered materials for the group. The seating arrangements were modified 

according to who was present and no attempt was made to create equal groups of boys 

and girls across grades.  

Issues with the recording equipment continued to plague the project and the 

equipment and the surrounding area became more restricted, available only to those 

students being recorded that day. All other supplies were moved to a part of the room that 

was at a distance from the equipment. This was done in an effort to monitor the 

equipment and supplies more effectively, because, over the course of the club, recording 

machines had been switched off and materials had been taken. Although the video tape 

recorder captured one instance of vandalism, it seemed more prudent to create a situation 

in which that was less likely to occur.  

Behavior Expectations

As their relationships with me and the other students developed, their behavior 

became less of an issue. In general the students came to the club ready to participate. 

Students’ behavior was not tracked by index card, and the system of checkmarks for 

misbehavior and the threat of being dropped from the club were eliminated. The 

behavioral expectations of this set included participating in carpet chats and in small 

groups, working together and being appropriate. The behavior expectations evolved as 

the students acknowledged their responsibility for a solution to the mathematical task and 

could engage successfully in the task.  
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Negotiating Sociomathematical Norms

In the second set the carpet chats provided a place for both the students and I to 

work together to develop the sociomathematical norms. However in the period of time 

between Set One and the Set Two my understandings about math talk had changed. I 

realized that although the students were “talking,” their math talk had dwindled. The 

analysis of the transcripts reflected less math talk during the activities that followed Build 

What I’ve Created. The following excerpt from my teaching journal reflected this 

thought. 

Kahn: There has to be a purpose, beyond hearing kids talk. The information has 
to add to the intellectual community in the classroom. It has to be validated and 
used in some way. That has to become part of the culture of the class, that the 
teacher is not the only expert in the room and that they can create knowledge. 
(10.30.03; lines 465-475) 
 

In the carpet chats more students were invited to participate through extending the 

conversation over a longer period of time. Each session included time to discuss the 

mathematical ideas relevant to the mathematical tasks. The carpet chats provided a forum 

for these discussions in which many students had an opportunity to talk and I facilitated 

these conversations. The students were asked to address each other directly and take 

ownership of finding ways to work together in their small groups. The level of 

participation of the students to talk about their mathematical understandings in the whole 

group was continued in the small groups.  
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Space for the Whole Child 

Space for the Whole Child refers to how the interests of the individual students 

were made known to their peers and the ways in which I provided time for one-to-one 

interactions with me. The transcripts of this set indicated time was provided to students 

during carpet chats to discuss issues relevant to them. This had begun in a prior session 

and continued in the second set.  

In response to a student withdrawing from the club, the group engaged in a 

pivotal conversation that served to keep the space open for students to talk about personal 

issues for the duration of the club. This animated conversation concerned attendance 

issues and differentiating between students who chose to leave school following the 

regular school day and those who were ill.  

As I considered other reasons for students to have extended leaves from school 

that would exceed four sessions, I revealed that the death of a grandparent explained the 

absence of one student. With this comment I opened the discussion to personal family 

stories. Almost every student responded about loss in his or her lives. Students 

spontaneously engaged in conversations with others and me about how the deaths 

affected them. This pivotal carpet chat signaled a tacit agreement to bring personal issues 

to the club. At this point, I realized immediately the importance of this event, in that it 

created a space for the students to make their personal needs known and to have them 

acknowledged in public. As a result we talked about many topics that included upcoming 

holidays, getting braces, and substitutes in their classrooms during our carpet chats.  
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The subcategories of this set include creating personal connections to peers and 

developing personal connections to me. 

Creating Personal Connections to Peers

Within the small groups the students created time to talk about their lives outside 

of school while engaged in the mathematical task. They may have extended their 

friendships with each other by sharing personal stories.  

Katherine: Do you ever go to friends at your house? 
Cherry: No. 
Gabriela: Why? 
Cherry: Uh, cause it’s outside. 
Gabriela: Well, I don’t either.  
Cherry: Well, sometimes, well sometimes, well most of the time, I just go to my 
uncle’s and play pool. 
Christian: That’s tight! (12.04.03, lines 1,510-1,517) 

 

Previous transcripts indicated that Cherry and Christian habitually excluded each 

other from conversations. This conversation marked a personal exchange, albeit brief, in 

which each participated and were welcomed. Gabriela mentioned that she, too, stayed 

inside when she was home alone and Cherry brought up visiting her uncle to which 

Christian responded to favorably. 

Maintaining the Group Process

The students within the second set used their personal connections with peers 

towards maintaining the group process, keeping the group functioning and working 

towards a solution. The students in the video group in particular had been in regular 

attendance throughout the club, although they had not always worked in the same group. 

By the time of the second set the students considered themselves part of a team and were 
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committed to working together to create a poster that reflected their ideas about 

trapezoids. This was especially evident when the students used “we” and “us”.  

Gabriela: I need a two, two, two, two. [She immediately began working on the 
poster.] 
Cherry: Wait up, we’re coming up (12.04.03; lines 371-373). 

 

Additionally, Christian responded to “We need 12s.” with “I found us a four, 

Gabriela” (12.04.03, line 710). This exchange in which “we” defined the group and the 

use of “two” to indicate trapezoid with two Pattern Blocks, may be considered “taken-as-

shared” understandings that developed in the course of the club (Cobb, 1995). The 

students understood her request and responded as part of a functioning group.  

Students also maintained the group process by not allowing others’ comments to 

interfere with working together. The teasing behavior continued, however, but more often 

than not, the transcripts indicated that students mediated within the group to resolve the 

problems brought up by the teasing. They protected each other, ignored insults, or 

changed conversations to more neutral topics.  

In some instances relationships outside of the club affected their relationships 

within the small group. Two examples of this occurred with Cherry. The first more 

personal nature of the teasing occurred when Cherry combed Katherine’s hair and 

inquired about her former issues with lice. The second occurred when Gabriela thought 

that Cherry was angry with her and asked her “Why are you mad at me?” during the 

small group time. Both incidents were related to events that happened outside of the club. 
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Creating Personal Connections to Me

During Set Two I personally greeted the students, thanked them for coming and 

asked about their day when they entered the room. This provided an initial contact and an 

opportunity to connect with each child. It also allowed me to provide additional support if 

they had a difficult day. This translated into a more smoothly functioning club session.  

During the carpet chats the students brought up questions that they had about the 

club as well as news about events in the after school program. This gave me an 

opportunity to invite their comments about the club. Additionally, the students expressed 

how they felt about the club in small group interactions as well. 

Cherry: I think you should add the sides to make it bigger. Like say if this one’s 
small I could add another piece right there.  
Kahn: Hmm-hm.  
Cherry: And then another piece right and that would be another hexagon [pointed 
to trapezoid]. 
Kahn: So you’re adding rows of those triangles? 
Cherry: And then I made one all out of hexagons. 
Kahn: That works. 
Katherine: I love the Math Club. (12.04.03;lines 1177-1185) 
 
In this transcript Katherine indicated how she felt about the Math Club while I 

spent time with her small group. Her comfort level was strong enough to share this 

opinion, because I sat with students and addressed their questions directly in their small 

group. The connections that I made with the students through the carpet chats carried into 

the small groups. The students appeared to be more relaxed. 

As I sat with Raymond, for example, he asked if he could make a large trapezoid. 

I interpreted that this would allow him to participate in the club as a legitimate member, 

and not be held accountable for the project at large. At the end of the session after all 
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except two students had left, I videotaped the seventy-piece trapezoid he created at his 

small group. By extending his time with a few of the students and me in this 

mathematical context, an avenue was provided for him to recognize that he was a valued, 

thinking member of the group and acknowledge his contribution as a full member of the 

Math Club (Lave & Wenger, 1991). 

Role of the Teacher 

The Role of the Teacher category reflected how I supported what happened in the 

Math Club. During the second set, the role of teacher included talking as a member of the 

club and inviting the students into the conversation through honoring the students’ 

mathematical thinking, maintaining group cohesion and using recording devices.  

Talking as a Club: Talking Differently

My dialogue with the students included a casual register in which I invited the 

students to eat their snacks during the Math Club session, “Come on over. Throw your 

stuff. If it’s trash, throw it in the trash otherwise come over to the carpet. Bring your 

treats.” (12.04.03 lines 42-43). I invited the students to join me with their treats and we 

functioned more as members of the club. This exchange signaled a different kind of 

relationship between the students and me, because it distanced me from the traditional 

role of the teacher. I purposefully changed the way in which I spoke to be more casual to 

encourage a connection through which I could support them.  

Also, when I posed more difficult questions, I asked them to think with me. “Now 

I am going to ask you a more complicated question. So see if you can answer this with 

me. Can you have different trapezoids? Can trapezoids be different sizes? (12.04.03; lines 
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55-59). This may have challenged their notion of me as a teacher as I implied they were 

peers with whom I could think. However, this question was of the known answer type, an 

elicitation (Mehan, 2001). 

Honoring the Students’ Mathematical Thinking

To honor the students’ mathematical thinking, I supported discussions differently. 

In Set Two I listened to support the mathematical conversation with the students’ ideas 

and strategies, rather than to focus on the students’ development of mathematical 

vocabulary and terms as I had in the first set. I repeated what they said less often, 

summarized the points they made mathematically and inserted comments from 

connections they made in earlier group discussions into the carpet chats. This reminded 

them of what they had accomplished in previous sessions and validated their thoughts 

about mathematics. I signaled that I valued their ideas and could use them to forward our 

mutual thinking.  

Kahn:  And Raymond was also doing something interesting last time. He was 
making a pattern that was very symmetrical… So he had two hexagons, 
the yellow ones, and then he had three triangles underneath them kind of 
to support them. And then he had the red trapezoid. Remember? Right? 
Right in between the two hexagons. [I am looking at Raymond for 
confirmation and he is paying attention and staring at my hands as I use 
them in gestures to demonstrate positions of his shapes on a large piece of 
triangle grid paper.] (12.04.03, lines 222-233) 

 
I interacted with the students on a one-to-one basis and extended time for 

explanations to articulate their strategies and express their thoughts in more mathematical 

phrases. In the transcript below the club was engaged in a carpet chat about generating 

trapezoids. 
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Kahn: I know that some of the other people have strategies too. Cherry, what 
strategies do you have for getting bigger shapes? 
Cherry: Well, it’s not exactly to get bigger. It’s to get smaller.  
Kahn: Okay, go ahead.  
Cherry: I would take off the top and the sides and then it would be another 
trapezoid.  
Kahn: So you’re looking for the trapezoid within the larger trapezoid. (12.09.03; 
line 184-195) 

 
By giving Cherry a chance to explain her ideas, I acknowledged Cherry’s ideas 

on how to conceptually decompose shapes to uncover additional trapezoids.  

I also sat with the students in their small group for longer periods of time instead 

of only checking to see that they were attempting the task. I talked with them about 

mathematical questions they raised that influenced their understanding of the 

mathematical task. For example, Yvonne inquired about the shape of a trapezoid and I 

used her question to restate the properties of a trapezoid instead of a simple confirmation.  

Yvonne: Is this a trapezoid? 
Kahn: Sure. It’s got two lines that are parallel. This line, the base, is parallel to 
the top and it’s got four sides. So it’s a quadrilateral and yeah, it takes care of all 
the requirements of a trapezoid. (12.04.03, lines 866-869) 

 
I offered the information because she had asked for it and I could support her 

mathematical knowledge in this context. By responding to her question within the group 

and not stopping the club at large, I acknowledged that she may have been thinking about 

what constitutes a trapezoid and wanted clarity on this idea.   

Further I liberated myself from the role of teacher as an “all-knowing expert” and 

insisted that students become articulate about their thoughts and actions. Whereas 

previously I had made assumptions about what they had thought, in this set I asked them 

to explain themselves and did not read between the lines. In this example Cherry pointed 
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to the chart for the trapezoids that Gabriela had begun. She asked about organizing 

according to the number of shapes they found or the number of shapes within each 

trapezoid. It was unclear to me. 

Cherry: Miss Kahn, do you do the six, like how many it goes down? You don’t 
go by the shapes they have. How many shapes they have? 
Kahn: I don’t understand what you’re saying  
Cherry: Well, see, she put the ones that have the two shapes right there. 
Kahn: Okay, what’s wrong? 
Cherry: Are we supposed to go one, two, by how many of them that we can 
make? 
Kahn: Not necessarily. (12.04.03; lines 583-594) 
 
This strategy provided an opportunity for the pace of the interaction to slow down 

and give more time for students who were less skilled in math talk time to become more 

articulate. Previously I asked questions that clarified well enough for me to speak for 

them, to engage in a type of revoicing (O'Connor & Michaels, 1996). Through revoicing I 

repeated what the student said and added mathematical vocabulary or emphasized the 

mathematics within their comments. However, when I stopped this practice, they filled 

the space with their thoughts, not my assumptions about their thoughts. Talking about the 

mathematics helped them understand the task and the mathematical environment more 

deeply.  

Maintaining Group Cohesion

During the second set, the groups in which the students sat did not change and the 

small groups coalesced into small communities. At this time I expected and anticipated 

that the students would support each other. I believed this was best accomplished by 

maintaining established groups of both friends and others who would benefit from 

particularly able students. In maintaining specific small groups, the collective whole 
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became stronger and they were better able to handle mathematical tasks that required 

considerable concentration and focus. Additionally, I purposefully became less available 

to answer questions that related to how to complete the mathematical task. I reasoned that 

the small group could address it or it would have been addressed in the carpet chat. 

Instead I responded to individual student questions about the mathematics and stayed at 

each group for longer periods of time. In this excerpt Núria asked for support for her 

team, but I insisted that she take care of it.  

Núria: And what do you have to do exactly? The kids on my team are pretty 
mixed up. 
Kahn: They’re mixed up? Okay. What can you do to help them? (12.04.03, lines 
549-551) 

 
I also insisted that students use each other for support and provided segues for the 

students to step into a role with which they may not have been familiar. 

Kahn: I mean Cherry could use some support here. She’s very close to creating a 
trapezoid, but she’s missing something and you know, maybe she wants some 
help. 
Gabriela: Cherry, like this? Is this how you made it?  
Katherine: I’m just seeing which ones you have. 1, 2, 3, 4. Why don’t you flip 
two trapezoids together? It would be easier. (12.04.03, lines 815-822) 

 
I encouraged the students to work with each other and this benefited the students 

in that they shared information and continued to develop relationships that supported 

them in their mathematical tasks.  

Students’ Engagement with the Mathematical Task 

Students’ engagement refers to ways in which students actually participated in the 

mathematical tasks during the club. Participation in the task of the second set included 

students’ engagement in the whole group discussion and in their small groups.  
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During a whole group discussion in Set Two, students engaged in an animated 

conversation about trapezoids. In one instance this took place in a carpet chat about 

Pattern Blocks. In the Pattern Block set that was used, all shapes had sides of one inch in 

length, except the base of the trapezoid that measured two inches. In a close examination 

of an enlarged copy of a trapezoid built with sixteen Pattern Blocks, the students realized 

the top was not the same length at the sides, nor twice as large as the base (see Appendix 

A). For the students this posed a dilemma and they reasoned that the figure before them 

was not a trapezoid. In the excerpt below Raymond expressed his doubt about the copy of 

the figure that had been placed before them during a carpet chat (see Figure 3.5: 16 

Shapes in a Trapezoid, page 66). 

Raymond: Miss, this is something else, because look it. These ones are the same 
on here, but this ain’t. [Students leave their places on the carpet and converge on 
the copy of the trapezoid in the middle of the circle. They discuss what they think 
and talk over each other.]  
Cherry: Uh, huh (no) that’s a trapezoid cause … 
?X: no it doesn’t look like it. 
?Y: it’s a trapezoid cause it’s a ….  
Raymond: No, no it’s a fake. (laughing) 
Christian: It’s the same thing but it’s longer.  
Cherry: It’s like a pyramid, but they cut off the top. (12.02.03; lines 211-222) 
 
The students carefully considered what they knew about trapezoids. They took it 

upon themselves to informally measure the image with their outstretched fingers and 

drew their own conclusions. This level of engagement was not evident in the first set. 

 
Application of Previous Mathematical Strategies

The students engaged with the mathematical task in their small groups and 

applied what they had learned previously in the club. They negotiated how to address the 
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mathematical task and used recording devices to represent the various trapezoids they 

found.  

When Christian worked with the hexiamonds mathematical task, for example, he 

noticed that most shapes were composed of two trapezoids and labeled them with objects 

that were similar. He had noticed how shapes had combined in previous mathematical 

tasks as well. “Miss, did you know that every shape that we’re making has almost two 

trapezoids, the snake, that one, that one and the other one?” (11.25.03; lines 1226-1228). 

In a later session the students also applied labels of items familiar to their everyday life to 

the shapes to more easily refer to them. Further the students pair the shapes and identified 

them with the person who originally created it. These were strategies for supporting each 

other in the task in ways that were comfortable to them. 

Gabriela: Look I made a cat.  
Katherine: Oh, that was Cherry’s before. Remember? (12.09.03, lines 467-469) 
 
In another mathematical discussion Cherry applied the strategy she uncovered for 

building trapezoids. Her first strategy was to systematically add rows of Pattern Blocks to 

the original to increase its size. Her second strategy involved making a large triangle and 

removing the top, a smaller triangle to identify the trapezoid below. Students used these 

strategies to influence others about how to build the trapezoids and address the 

mathematical task. 

Negotiating the Task

In the video group students negotiated their interpretation of the mathematical 

task with their peers over all of the sessions. The social issues in which they were 

involved were part of how this group approached developing sociomathematical norms 
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(Yackel & Cobb, 1996). As they grappled with the design of their poster, for example, 

Katherine asked a salient question regarding this mathematical task. The dialogue below 

reflected this negotiation of what counted as a trapezoid and what counted as 

mathematically different. 

Cherry: Look at my 16 shape. 
Katherine: How many could we make? 
Cherry: Up to 16! 
Katherine: (to Gabriela) Do you get it? (to Christian) How many 16-shapes could 
we make?  
Cherry: The shapes have to be…  
Christian: Well I'm making one… 
Cherry: You could only use 16, the amount of 16. You can’t go over 16. 
Katherine: She don’t get what I'm saying. 
Christian: I know. 
Cherry: I don’t. I don’t think anybody gets what you’re saying! 
Christian: Say it again. What? 
Katherine: Do you get it? How many shapes can you make? 
Cherry: How many shapes? Sixteen! 
Gabriela: No, you can’t . 
Cherry: Yes, you can make 16 shapes. You can make way over 16. 
Christian: You can make like. Look she’s saying that…(interrupted) 
Cherry: Oh trapezoids? That’s what I’m saying! You can make like over 20 of 
them. 
Christian: She’s saying that how many? 
Cherry: I understand what she’s saying. 
Christian: But you didn’t! You said, “No one understands what she’s saying!” 
Cherry: La, la, la. We wish you a not a Merry Christmas. 
Christian: That’s sad. 
Cherry: And a not good new year! (12.09.03, lines 471-498) 

 
The students engaged with the mathematical tasks as they negotiated how to 

interpret it. They had many issues to negotiate as a group. For example, whether the task 

called for one trapezoid at each number or a multiple set of trapezoids for each number, 

from 1 to 16 was open to negotiations. This small group, Group 1, built multiple models 
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of trapezoids for some numbers, but could not find a trapezoid to represent all numbers 

(Figure 4.3) 

 

Figure 4.3: Trapezoid Poster, Group 1 
 

Ultimately the charts represented each group’s interpretation of the task. In 

another small group, Group 2, the students recorded a single trapezoid for each number 

from 1 to 16 (Figure 4.4). However, in Group 5 the students chose one size of a trapezoid 

and exchanged Pattern Blocks to increase or decrease the number over all. Núria 

explained her group’s idea of keeping a congruent trapezoid as part of her presentation on 

the last day that the whole club met (Figure 4.5). 
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Figure 4.4: Trapezoid Poster, Group 2 
 

Figure 4.5: Trapezoid Poster, Group 5 
 

Núria: They’re the same shapes except I take one shape out and put another shape 
in so I can make the same shape. (12.11.03; lines 233-240) 
 
Each group negotiated a unique interpretation of the mathematical task. Through 
this negotiation their engagement with the task increased. It appeared that by 
considering each other’s perspectives, they were more encouraged to engage in 
math talk, perhaps because it resolved a problem. Since no group in the Math 
Club had a defined leader, each group had to come to a decision that the group 
could live with and stick with to design the poster. It seemed that by making a 
decision as to what the mathematical task was asking, the students were more 
engaged in the process of doing mathematics (Stein et al., 2000) 
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The Use of Recording Devices

In the trapezoid mathematical task, the students devised a small group poster or 

chart of trapezoids that the group generated. Students initially perceived the recording 

device as part of the mathematical task. Although they referred to it during the 

presentation they did not see its value in supporting their solution. They did not use it a 

tool to organize their thoughts or determine if they had found all of the possible 

trapezoids, although I had always believed it was critical.  

Kahn: … but I want you to figure out how to get this onto your pink paper.  
Cherry: You have to do it on your pink paper? 
…
Kahn: Well how are you going to record it? How am I going to know? That’s part 
of math recording it on paper so that other people can see it. (12.02.03, lines 862-
869) 

 
While I thought creating a poster would support the students as they completed 

the trapezoid problem, they saw it as an assignment and as such considered it trivial. 

They worked on it as a required task, but did not use it to its full potential (Diezmann & 

English, 2001). 

Discussion of Set Two 

In Set Two the environment more strongly supported math talk. While all of the 

factors discussed in the categories influenced the math talk, I believe the reform-oriented 

mathematical task was critical in this regard. Therefore, I begin the discussion with the 

students’ responses to the mathematical task, Trapezoids 1-16.

For this mathematical task small groups of students built trapezoids with Pattern 

Blocks, drew colored replicas onto triangle grid paper, cut them out and attached them to 
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a poster. The poster served as a place to keep the models of the trapezoids organized. The 

group presented their findings of the models to their peers. As each worked to create a 

poster, their interactions with each other included discussions on how to interpret the 

mathematical task and in this way participated in the development of sociomathematical 

norms (Yackel & Cobb, 1996).  

This reform oriented task and its implementation lent itself to math talk in a 

number of ways (Stein et al., 1996). Initially the students talked about what made a 

trapezoid and whether or not the different widths or heights mattered in considering it 

that shape. When the students began to think about how to organize their poster, they had 

decided as a group on the poster’s design. Depending on their interpretation, the students’ 

poster size and structure differed.  

For some of the students the math talk included problems they had creating the 

trapezoids and the division of tasks to create the poster. For example, the group of 

Yvonne, Anna and Juan quickly agreed to build one trapezoid per number beginning with 

a red Pattern Block for one and continuing until they had the requisite sixteen Pattern 

Blocks for the final trapezoid. For this group, their math talk surrounded issues about 

coloring the replicas correctly, working to complete the task, and strategies for more 

easily making the trapezoids. 

However, while other groups also engaged in similar conversations, the responses 

of Gabriela, Cherry, Christian and Katherine included brief discussions on the 

interpretation of the task itself. They recognized there were multiple interpretations of the 
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mathematical task and needed to negotiate which interpretation they were going to use to 

create their poster.  

The students had multiple perspectives of the task that had been developed 

through their prior experience with making quadrilaterals (11.13.03), and developing 

hexiamonds (11.18.03). In the quadrilateral mathematical task the students generated as 

many quadrilaterals as possible with Pattern Blocks, while in the hexiamond 

mathematical task they generated a unique set with six triangle Pattern Blocks. Each task 

provided different perspectives of generating shapes and problem solving mathematical 

tasks. They expanded the students’ understanding of how they might interpret the 

trapezoid mathematical task.  

In this regard the students brought their understandings and engaged in more 

collaborative thinking with their peers. Through a question that Katherine posed, ”How 

many could we make?” (12.09.03), the students approached a mathematical argument 

about the multiple ways to interpret the task (Wood, 1999). Katherine offered that there 

could be one or more trapezoids per number and wondered if they should generate as 

many trapezoids as possible for each specific number on their poster. This same 

mathematical issue had been broached when Cherry and Gabriela decided to place the 

numbers on the poster that they designed. For them, however, it was an issue about space 

and how much space to afford each number. They did not discuss how the design of the 

poster was influenced by their understandings. Whereas developing the poster had the 

potential of being a powerful tool to support their thinking, the students’ limited 

experiences with this recording device reduced it to a collection site (Vygotsky, 1978).  
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With Katherine’s question, though, students briefly engaged in a discussion that 

addressed how to use the poster. Although the issue was not resolved for this group, they 

had made strides into moving beyond thinking cooperatively to complete the task where 

they shared jobs, to working as collaborative partners. If other factors had been in place, 

such as more time or a stronger history of working to understand each other’s 

perspectives, they may have engaged in the discussion longer.  

As collaborative partners they might have spent more time on this discussion and 

moved more to resolve it, rather than dismiss the issue, as Cherry had by beginning to 

sing an altered Christmas carol. Their poster included multiple trapezoids for some 

numbers; for example, in the space beside the number four were three Pattern Block 

models each showing different configurations of trapezoids with four pieces. However, 

there was only one representation for six Pattern Blocks and this may have indicated their 

unwillingness to commit to a single interpretation.  

While the mathematical task certainly was crucial for creating a need for math 

talk in the small groups, the other factor that may have been crucial in promoting math 

talk involved the changes in the overall routines of the club. We had developed a routine 

of using an open area of the carpet to gather following snack time. This routine signaled a 

break between the students’ regular day and moving into the mathematical task and 

provided for a more smooth transition. I used the carpet chat routine as a replacement 

strategy for the more traditional teacher lesson. I realized that part of the resistance the 

students had to the previous tasks, that included Build What I’ve Created may have been 
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because they were tired and simply not willing to maintain yet one more classroom 

setting.  

Seated together on an open area of carpet, often with snacks in hand, I introduced 

the mathematical concepts that were pertinent to the mathematical task of that session or 

made connections to the previous sessions about the same task. Rather than focus on 

vocabulary and properties or attributes of shapes, I opened the discussion to student 

strategies for solving the mathematical tasks. The students talked more frequently and I 

supported their talk.  

With the  students who were English Language Learners, I had found ways to 

support their talk with a more casual, informal register, speaking more slowly and 

providing multiple opportunities for the students to listen to each other and clarify ideas 

(Gibbons, 2002). In this more casual environment, the conversations were longer and my 

support of them more closely aligned to colleagues discussing interesting topics. I 

reminded them of what each other had said previously and made connections about their 

ideas between sessions.  

In this context, we, as a group, were able to invite more opinions about the 

mathematics of trapezoids and voices emerged that we had not heard previously. The 

carpet chats also provided a space for conversations of personal lives that related to the 

club and their lives outside of school. They accurately perceived this time as available to 

share their thoughts and themselves. The environment of the Math Club changed and it 

brought greater participation and less resistance to engaging in the mathematical tasks 

and specifically led to more math talk. 
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Set Three: How Many Rectangles? Extending the Math Club into a Focus Group  

Three of the students who were video taped for the trapezoid mathematical task 

continued with other geometry tasks in the spring semester. These students were 

enthusiastic, motivated and willing to work with each other for an extended period of 

time. Thus Gabriela, Angel and Christian became the focus group and continued to meet 

for an additional 15 sessions. This set provided another perspective of the classroom 

environment that influenced the math talk in the Math Club. 

In this section the analysis focused on the problem How Many Rectangles? For 

three sessions the students determined the number of rectangles that could be generated 

from an illustration of a rectangle that consisted of a row of 15 squares. In this 

mathematical task the students did not build the shape, but relied solely on working with 

the illustration to determine the number of possible rectangles. I chose to keep the task as 

a more abstract level. 

Session One:  
• Predicted the quantity of rectangles possible.  
• Puzzled over multiple interpretations of the problem 
• Worked to prove unique interpretations to each other 

 
Session Two:  

• Generated multiple rectangles 
• Used various recording devices in representation 

 
Session Three:  

• Agreed on a procedure to count rectangles  
• Discovered a pattern to complete solution 

 
The mathematical task provided an opportunity for the students to deeply engage 

in a geometric study that applied their understanding of composing and decomposing 
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shapes and allowed them to explore numerical patterns. Although the problem used a 

rectangular array, one by fifteen, this task heavily relied on students’ abilities to see 

rectangles of different sizes and organize their work to find patterns (Sakshaug et al., 

2002). This was a departure from the other mathematical tasks in two important ways. 

First I did not specifically offer the use of concrete manipulatives, color tiles, and second 

this mathematical task could be solved without explicitly building each representation, 

but instead relying on a numerical pattern (NCTM, 2000).  

As in previous tasks, interpretation of the problem varied across students. 

However in this task the solution was less tangible, because of how the task was 

implemented. Instead of readily supplying the students with color tiles, I set them aside 

and did not directly refer to them. I believed the task required the students to “explore 

figures embedded in figures” (p. 10). Because of the more abstract nature of this task and 

the level of difficulty, the students’ different perspectives were more apparent and 

therefore encouraged much debate as they attempted to understand each other’s 

interpretation. The ability to talk about the strategies they used became pivotal in solving 

the problem.  

Each student began with his or her own interpretation and through collaboration 

the students emerged with a group solution over the course of the three sessions. Had 

they worked individually the students may not have solved the problem. This 

mathematical task provided an opportunity for them to become collaborative equals.  



165

Characteristics of the Math Task 

The math talk was influenced by the characteristics of the mathematical task. The 

characteristics of the mathematical task refer to the mathematical knowledge, the 

language skills, the student interactions with the task and the way in which the task was 

framed.  

Mathematical Knowledge

In this mathematical task the students focused on how to determine the number of 

possible rectangles in an illustration. Although this task drew from the skills the students 

learned in composing and decomposing shapes as well as finding multiple congruent 

rectangles, this task represented a marked departure from those tasks with the withdrawal 

of concrete objects to work through the problem and the need for representation in 

finding the solution.  

This mathematical task relied on the students’ understanding that the same set of 

15 squares could be joined as a rectangle as well as be considered as 15 separate squares. 

They could be broken apart in chunks of different dimensions. Additionally, the students 

had to be able to communicate about composing and decomposing the shape as an 

illustration. 

Finally the students were required to have an understanding of how to create and 

interpret an organized list, a table. The recording device was an important aspect of this 

mathematical task.  
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Mathematical Language

The language required for this mathematical task included that of mathematical 

argument and proof. This task was not bound by the names of geometric shapes and 

vocabulary did not pose a major concern. The mathematical language involved the 

student’s ability to express their interpretation of the problem, acknowledge others’ 

interpretations and engage in reasoning to resolve differences. Students needed to be able 

to be articulate about the relationship of the square to a rectangle, to explain and 

acknowledge that the overlapping squares would in fact be considered different 

rectangles and convince others as to the validity of their idea (Yackel, 2002). Students’ 

gestures and their demonstrations played a big part in the mathematical language of this 

set. 

Student Interactions with Each Other and the Task

This mathematical task necessitated that students adopt the disposition of a 

mathematical problem solver, a mathematician, where one interpreted the problem and 

worked with others’ solutions or tried another’s ideas (NCTM, 1989). This required a 

mathematical disposition, one in which they kept an open mind and worked at 

understanding multiple interpretations of the problem, besides their own. 

This task once again challenged their notion of how to develop an answer that 

answered the task for all of the students. The students developed an understanding of the 

solution being more than joining each individual’s findings into a collection, as had been 

the case in the trapezoid mathematical task. Each student’s understanding of the problem 

could be interpreted differently to maximize the number of rectangles. This task required 
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them to understand the problem, develop a procedure for solving it and then continuously 

check each other’s solutions. 

Routines of the Math Club 

During Set Three the focus group met in the third grade classroom where the 

Math Club had been held. I provided snacks for the students and we began with the 

students setting up their mini microphones and eating. We did not meet on the carpet for 

carpet chats because the group was small enough to sit together comfortably. The focus 

group discussions were informal and although they often occurred within the context of 

the mathematical task, personal conversations were woven throughout the sessions. 

The students had extended periods of time to work with each other on the project. 

During almost the entire first session I busied myself in the classroom and did not join 

them. This was a strategy to encourage the students to rely on each other and continue the 

routine of talking to each other about their mathematical ideas. (However when I saw 

Gabriela with teary eyes I quickly rejoined them only to find out they were practicing 

crying!) During the second session I began by sitting with them and then left for extended 

periods of time. During the third and last session of this mathematical task I checked in 

and occasionally stayed, but did not begin by sitting with them.  

The routine for getting the focus group to the Math Club room represented 

another change in routine. In the first semester the students attended and I at times 

reminded them when I saw them on the school campus. Initially, for the fifth grade focus 

group, I met them at their classroom doors, which were beside each other, just prior to 

dismissal time, and then had them wait for each other and come to the classroom 
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together. Angel, in particular, faced strong opposition from his friends to attend the club 

sessions. In a conversation during one of the club sessions he mentioned that his friends 

challenged his decision to stay with the club in the small group format. By gathering the 

students prior to dismissal and asking that they attend the club as a group, I reduced the 

access other students had to Angel so he could continue attending the club. This was not 

always successful. 

The sociomathematical norms that were developed in the first two sets during the 

whole group Math Club continued to be developed in this set. Because these students had 

participated in the small group that was videotaped during the previous month the 

students were familiar with each other. Additionally, Gabriela and Angel were in the 

same class and Angel and Christian were neighbors.  

Often Christian had an idea that he offered for a solution to the mathematical task 

almost immediately. However, Gabriela and Angel did not readily accept his solution and 

countered with their own. This represented a change from how these students participated 

in Set Two where Christian’s idea for making numerous trapezoids using a pattern was 

quickly dismissed. As the students took ownership of finding solutions they appeared 

initially unwilling to accept Christian’s quick solutions. Because the sociomathematical 

norms had been previously established, it became necessary for Christian to fully explain 

his solution in ways that made sense to his peers.  

Space for the Whole Child 

The space for the whole child in which students brought attention to their lives 

and continued their personal relationships with the other students and involved small 
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changes in connections to me. The context of the focus group continued to be based on 

the mathematical task. The students talked about issues in their lives while they ate 

snacks and set up the audio and video equipment. We discussed holidays with their 

families, birthday celebrations, and conflicts with other students and members of the 

staff.  

They also took the time to grapple with the mathematical tasks as they were 

engaging in personal conversations. In two separate instances, the students played with 

the notion of crying, producing tears. In the section that follows, Angel introduced 

“crying” and Gabriela made herself tear.  

Gabriela: No, but you have to count the whole thing. 
Angel:  Because then you’re going to make it smaller. Then we’re going to 
cry. 
Christian: Or if we go by three we’re going to make it all bigger again. If we go 
by five we’re still going to make it all bigger. 
Angel: Six, smaller. Seven, more smaller. I have to cry. 
Christian: Cry! When I’m at my house and I get mad at something I make myself 
cry. 
[Gabriela proceeds to show the boys how she makes herself cry.](1.06.04, lines 
479-485)  
 
The transcript above indicated how Christian responds to certain situations in his 

home. While I had not interpreted the students as being in a stressful situation, perhaps 

the level of difficulty of this task was greater than I anticipated. Gabriela demonstrated 

that she was part of the group and produced tears. The video showed that the boys 

watched her intently. 

The students created more personal connections with me as I offered them more 

time and access to me. When I supported Gabriela and encouraged her to talk, Christian 

commented as well. 
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Kahn: I don’t understand what you’re saying Gabriela. Why don’t you explain it 
again and the boys will listen and maybe they can help us understand it? This is 
the math group you don’t have to be shy about how smart you are. (She laughs) 
Christian: I’m shy. 
Kahn: You’re allowed to be smart. 
Christian: Yeah, take out your smartness and let it float. (big hand gesture) 
Kahn: That’s why you’re all working together. Okay, explain it one more time so 
we can all hear it.  
Gabriela: Well I thought it was like his, but it’s not. (1.13.04, lines 95-106) 

 
I generated a more personal connection by offering Gabriela a potential reason to 

be more articulate, “You’re allowed to be smart.” Christian capitalized on what I said to 

tease her as he referenced his “shy” personality. They continued in this light conversation 

after I reminded Gabriela of her own intelligence. 

Role of the Teacher 

The Role of the Teacher refers to what I did to negotiate what happened in the 

focus group. As the teacher during the third set of mathematical tasks, my interactions 

with the students included various supports for the solving the mathematical task. When I 

was in the role of a teacher offering indirect support I reminded them to turn to each 

other, listen to others’ opinions and learn from each other. In the role of the teacher where 

I offered more direct support, I provided information about recording devices that 

ultimately helped them frame and solve the mathematical task. This mathematical task 

was more complex than I realized and than the students had previously experienced. My 

support included strong encouragement of student negotiations of multiple interpretations 

and providing multiple opportunities for them to use increasingly more efficient 

recording devices. 
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Encouraging Student Negotiation of the Problem

After the mathematical task was introduced in the first session, I left the group, 

but discreetly listened and observed the students. In the discussion below Christian, 

Gabriela and Angel determined there were seven rectangles with two squares each. 

Because the mathematical task included 15 squares, they wondered how to account for 

the last square. Christian asked me to resolve the problem of the extra square that was not 

included in the seven pairs. In my role of teacher for this set I declined and directed them 

to turn to one another to resolve the issue. In fact Christian offered a solution in 

reframing the problem with the notion of leftovers. 

Christian: I counted by three already. Miss Kahn, could we have like leftovers? 
Kahn: Talk to them. You decide. You decide as a group. 
Angel: Because we have like make it to 15. Like seven. 
Christian: But we don’t even have to make it all equal. (1.06.04; lines 433-437) 
 
While I had rejoined the small group momentarily, I did not resolve the issue of 

the extra square because I understood this to be an important aspect of problem solving in 

this mathematical task. I asked them to negotiate with each other and signaled to the 

students the importance of making the decision their own. 

Towards the close of the first session I also validated their struggle to 

communicate their understanding of this mathematical task. The students and I sat 

together to discuss the difficulty of explaining the actions to solve a task this complex. 

The students talked about the mathematics and the difficulty of thinking about it well 

enough to explain. Following this discussion, Christian demonstrated his tentative 

solution. 

Kahn: How do you know how many you have? (33:22) How do you figure it out? 
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Gabriela: You can’t! 
…
Kahn: So do you want some help in solving this problem? Uhm not in solving it, 
but … 
Gabriela: In figuring it out. 
Kahn: Not in solving it, but how to explain it. 
Gabriela: Yeah. 
Christian: I can’t explain it. 
Kahn: It’s very difficult, huh? 
Gabriela: Yeah. 
Kahn: It’s very difficult to explain a problem like this. 
Christian: I’m not good at explaining, but I’m good at doing. 
Kahn: And part of doing is explaining. 
Angel: It’s a little more harder than finding out the answer.  
Christian: Cause first you have to know 
Angel: If you want to explain. 
Christian: You have to know what it is, and then you can explain it. Cause if you 
don’t even know how to do it, then you don’t know how to explain it. (1.06.04, 
lines 529-557) 
 
As I monitored the small group, I noticed that Christian used gestures to work out 
the problem. He swept his hand across the rectangle and began counting his 
findings that went well beyond the initial seven they had found. In this transcript I 
offered support to the students about the difficulty of talking about the process 
that reflected their thinking (Lampert, 1990). Christian intimated that he could 
“do the work”, but not explain his actions, and I insisted that part of mathematics 
included the ability to communicate about the strategies and findings as he 
worked on the mathematical task with his peers. 

Providing Support with Recording Devices

In the second session I talked about the purpose of using recording devices and 

provided various examples that could address this task. The transcripts and 

accompanying field notes indicated that across all three sessions the students used 

different types of recording devices that reflected their understandings of the task at the 

time. Initially I suggested they use colored pencils to connect and separate the squares. I 

then asked them to write a statement of what they had found.  
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When the second session began, however, I stayed with the group and we 

discussed how to frame the problem. In the final question that I posed in this the 

transcript, I offered the students one perspective on how to think about the number of 

rectangles that were possible. This conversation took place before we began to use the 

table to record and organize the information. 

Kahn: So you had a really good idea, and you also had good ideas last time. The 
problem is that you never got to the solution of the problem. So you approached it 
and that means you got a certain number of rectangles, but you never really 
explained a system for organizing your work on paper. 
Christian: What is organizing? 
Kahn: Well kind of putting it on paper, so that other people can understand your 
work. Alright so, on yours you found twos and threes 
Angel: Yeah. 
Kahn: Right, but you didn’t tell me how many rectangles were made of two or 
how many were made of three. And what did you find? (1.08.03, Lines 18-29) 

 
As I thought about the videotape that I had watched prior to the second session of 

the rectangle problem, I realized that I needed to provide more specific support to the 

students. This mathematical task was very different than the other mathematical 

explorations that had taken place in the previous semester. This mathematical task was 

more abstract. It was a counting problem, not based on geometry and shapes. Finally, it 

had a strong emphasis on finding the solution with paper and pencil instead of 

manipulative materials. Therefore, when this session started I began by sitting with them. 

To support them, I posed a comment “Right, but you didn’t tell me how many rectangles 

were made of two or how many were made of three. And what did you find?” (Lines 28-

29). By implying that they separate the problem into rectangles of two squares and 

rectangles of three, I may have inadvertently reduced the cognitive levels of the 

mathematical task to a procedural problem (Stein et al., 1996). Although this was not 
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evident at the time, this comment proved pivotal in the students developing a procedure 

to solve the problem. 

First, I suggested the students add a symbol, a  “tent,” to attach squares in place 

of coloring in the rectangles that had proved very confusing to them. They requested and 

used multiple copies of the illustrations to create a collection of rectangles. Finally, I 

supported the students in creating a table, a t-chart, to organize the information with the 

overlapping of squares that Christian had generated.  

Student Engagement with the Task  

Student Engagement with the Task refers to ways in which students became 

engaged in the mathematical task. The students approached their discussions with 

diagrams and gestures to convince each other how to solve the task. This approached 

mathematical argument (Wood, 1999) that included negotiating an interpretation of the 

task and completion of the task. The students in this group did solve the mathematical 

task that was offered in this set. 

Negotiating Meaning, Explaining Different Understandings

The students engaged in mathematical argument to interpret How Many 

Rectangles? and commit to a strategy for solving the problem. The students brought their 

understandings to the conversation and, for these students, it was often accompanied by 

gestures and recording devices, such as diagrams. The students asked each other to 

explain their strategy for counting rectangles.  

Gabriela: “Wait what were you trying to say? How do you go like this?” (1.06.04; 
line 96). 
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For the remainder of the session the students discussed each other’s strategies and 

ideas to address the “leftover” square. The students had their own way of understanding 

this aspect of the problem and by setting the context to include negotiation, each student 

was willing to listen to ideas and compare them against their own.  

For example, the students recognized the rectangle of 15 squares as one rectangle. 

They also recognized that two adjacent squares formed a rectangle, albeit a smaller one. 

However, when Angel pointed out all of the rectangles with two squares, he counted six 

and included a final rectangle of three squares. He reasoned that the 15th square had to be 

part of something, and could not, as a square, also be considered a rectangle. While 

eventually they discussed the issue of a square being a rectangle, they did not address it 

immediately. They were more concerned with the different sizes of rectangles in his 

description. 

In a related discussion to negotiating meaning, Christian attempted to explain a 

different way to amass different sized rectangles. He compared the large rectangle to the 

copy of the trapezoid with 16 Pattern Blocks that had been discussed at length during a 

carpet chat. Christian had noticed many trapezoids within the larger shape and had 

outlined them with his finger. In this rectangle problem, Christian composed and 

decomposed the squares as he counted rectangles. With broad sweeping gestures of his 

hand, he indicated a number of rectangles beyond the pairs suggested by Angel.  

Starting with all of 15 squares as one rectangle, he then showed reduced the 

number of squares to show the next smaller rectangle smaller and continued showing 

decreasing sizes of rectangles until the single square was left. However, he did not so 



176

much as explain his thinking, but counted the rectangles out loud. Christian also reversed 

his strategy and created longer rectangles starting with one and adding up to 15.  

In a second, more powerful strategy, Christian demonstrated how he built pairs of 

squares to also build rectangles, but with this method, he used the second of the pair to 

form the next rectangle, i.e. squares one and two, then two and three, then three and four, 

etc. and in so doing incorporated the extra square into a rectangle. He then extended this 

strategy to find the rectangles with three squares, four squares, and so on.  

Gabriela also worked on a more abstract level with this problem. Initially she was 

unsure of how to resolve the 15th square issue. Ultimately she demonstrated how to find 

adjacent pairs as she moved across the rectangle to the right, and used her fingers to 

cover the squares that had already been counted. Then she started from the left and went 

across the rectangle again, and with this gesture incorporated the one that had been an 

extra, and resolved it in her way in the second session. In both instances the students used 

many gestures with their mathematical language to show how they accomplished adding 

the rectangles. 

Christian had taken a leadership role in this problem and proposed to keep track 

of the rectangles on separate papers with the initial illustration of the mathematical task. 

They decided that a square counted as a rectangle, determined what was “allowed,” and 

attempted to keep track of the information. His suggestion involved coloring sets of four 

adjacent squares on different papers until all of the possible combinations were 

exhausted. 

Christian: I have a plan to don’t get confused. Get like one piece of paper, two 
pieces of paper, like how much you need and color these four on one piece of 
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paper and another four and another four and on another piece of paper color right 
here. (1.13.04; lines 37-40) 

 
In this representation to uncover all of the rectangles they had followed a solution 

offered by Christian that worked in place of using gestures and counting aloud. They 

created a table that systematically listed their findings and this additional tool was used to 

ultimately find the solution. Christian initially suggested multiple papers to help them 

keep track of their progress. Through negotiating various meanings the students were 

able to successfully address this very complex mathematical task.  

Discussion of Set Three 

This set focused on the mathematical task “How Many Rectangles?” and the 

students’ multiple interpretation of the task. Their conversations portrayed much thought 

and extended discussions on how to approach and eventually solve the problem. It 

appeared that by this time sociomathematical norms were in place and they were able to 

support each other as they shared tentative individual solutions and interpretations. 

Further they were able to use recording devices to organize their data and eventually 

solve the problem.  

In this set, my role vacillated widely from teacher to facilitator. I knew the 

students could solve the problem and established that expectation. I also believed the 

students by this time would function as a community of practice (Lave & Wenger, 1991) 

supporting each other in this mathematical task. 

This task, however, not only required a high level of interaction and mathematical 

communication between the students, but a prerequisite skill of using recording devices. 
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While the students may have experienced using t-charts and other graphic organizers in 

the regular classrooms, the use of recording devices in the Math Club had been limited to 

devising posters, as in the previous trapezoid mathematical task. To support the students 

within the context of the problem, I provided colored pencils, multiple copies of the 

illustration and information about recording devices and their use as a problem solving 

strategy. By extending the students’ understanding of representation as a tool for problem 

solving, they were more confident in working towards completion of the mathematical 

task (NCTM, 2000). 

In this task the students had to find the total number of rectangles possible from 

an array of 15 squares in a single row. The complex problem appeared to have a greater 

cognitive load than most of the previous problems posed in the club (Stein et al., 1996). 

The students were expected to find ways to work the problem and communicate their 

intentions to each other.  

In one interpretation of the task, Gabriela and Angel agreed that only rectangles 

with a length of three or five squares could be located because they were factors of 

fifteen. When the solution appeared to be more abstract with overlapping rectangles 

within the design, they could not easily show the others the rectangles they had found. 

Their initial attempts at explanations were hard to understand or replicate as method to 

solving the problem. Below is one of the attempts Christian made as he demonstrated 

with gestures and explained his strategy.  

Christian: Well, I first put like this with this one. Right? 
Angel: I get it. 
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Christian: And then this one, it’s two. And then you put this one inside and 
connect it to this one. And then you count this one. Actually, you put it like that 
and like that and like that. (1.06.04, lines 108-113) 
 
Gabriela and Angel were not able to understand Christian’ interpretation of the 

problem and went back to their understanding of factors. They ignored his strategy and 

continued the discussion of addressing the “leftovers,” those that did not fit their pattern. 

Negotiation therefore was a critical element of math talk in this set. The students 

had to negotiate understandings that each had of how to compose and decompose shapes 

of the illustration. It took most of the three sessions to communicate their strategies to 

each other about creating rectangles of different sizes that overlapped one another.  

They also had to negotiate the use of increasingly sophisticated recording devices. 

With each recording device they used, one or more members of the group were unable to 

put it into place to support their thinking. The students showed great determination as 

they stayed with this complex problem and worked through multiple generations of 

recording devices.  

Prior to writing their solutions, Christian had mentally determined there were 

more than 50 rectangles. However, when he demonstrated how he got them at the end of 

the session, he did not explain his strategy well enough for the others to use. I supported 

their first strategy in representation recording by providing colored pencils to 

differentiate between the various sizes of rectangles. In the next session Christian used 

colored pencils to augment his demonstration, but again they proved to be confusing as 

the rectangles were built in an overlapping manner. With his suggestion, the students 
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found separate sheets for each size of rectangle were more appropriate. I provided a 

frame for them to record their solutions on a modified t-chart. 

 As they worked through the problem they noticed a numerical pattern had 

emerged from the data. As the rectangle they counted increased in length, the number of 

rectangles they found decreased. For example they found 14 rectangles with two squares, 

13 rectangles with three squares, and 12 rectangles with four squares.  

Christian: explain the same thing, it works then how you understand it. 
Angel: I don’t know [Christian and Gabriela laugh] 
Christian: If you don’t know then how are you going to keep on going. 
Angel: Because the different. Aaaaaah 
Kahn: Give him a second. Go ahead. (51:12) 
Angel: I know, because the bigger number takes the most space and the smaller 
number takes less space. (1.13.03; lines 368-374) 
 
They generated almost the entire table by working through coloring the 

illustrations until they were certain the numerical pattern was accurate. At that point the 

solution became evident and they found the sum of the rectangles.  

In this set I was available on an as-needed basis. While we did not have the 

equivalent of a carpet chat, we did sit together and talk about the mathematics that each 

had found. In this relaxed, but challenging environment the students found a way to think 

together to answer the question posed in the mathematical task. 

Discussion 

In this chapter I explored the Math Club through three mathematical tasks that 

occurred over multiple sessions. The tasks were carefully selected from those offered in 

the club, because they provided the broadest perspective to address the research question 

“what are the factors in the classroom environment that influenced students’ math talk?” 
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Through analyzing the multiple sources of data for each of the tasks five categories 

emerged. They are 1) Characteristics of the Math Task, 2) Routines of the Math Club, 3) 

Space for the Whole Child, 4) The Role of the Teacher and 5) Students’ Engagement 

with the Task. 

Although each of the factors had been analyzed as a separate entity, in reality 

they were all related components to understand the context of the Math Club. In this 

discussion I highlight those aspects of the aforementioned factors and the ways in which 

they influenced students’ math talk.  

Social Talk 

What I had first ignored, the social talk of the students, became a critical aspect of 

the Math Club. As the club progressed, the students who initially talked about more 

personal issues over snacks found a space for this talk during carpet chats. In the carpet 

chats, the students talked about themselves in relation to their families. The students 

found ways to bring their family and more personal lives to the forefront and involve the 

club in discussions surrounding these issues.  

Providing the context to support this social talk may have been one of the more 

important interactions that fostered math talk. To talk about mathematics and keep trying 

to get their ideas across, the students had to take risks and I believe that developing 

relationships with the students with whom they worked as well as being part of a club 

supported the risk taking behavior. Harris (1997) found that developing this sense of 

community was critical in creating the context for her students to begin sharing.  
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In the focus group when the students talked about crying, the transcripts and 

accompanying video recording indicated they had been frustrated with the mathematical 

task. However, they were also sharing stories about how they handled when they “got 

mad.” Further, they did not stop working on the task. While it had signaled (as a red flag 

might) to me that they needed support with a few words of encouragement and guidance, 

they picked up the thread and continued. Their social relationships allowed them to 

participate in social conversations and yet keep trying to problem solve the mathematics. 

Working To Finish 

The students’ focus within the mathematical task went through a major shift that 

encouraged them to engage in math talk. During the first mathematical task, they worked 

together quickly and focused on finishing. Whereas I had hoped the task would spur the 

students to use the vocabulary of geometry, the students interpreted replicating each 

other’s designs as an assignment. They changed the assignment to best suit their language 

needs and instead of using mathematical vocabulary to locate a specific Pattern Block 

within a design they pointed to it and relied on gestures.  

In each of the three sets the mathematical tasks changed in complexity. The first 

task was admittedly difficult because it depended on mathematical vocabulary, spatial 

skills and the ability to work closely with students with whom they were unfamiliar. The 

second task relied less on vocabulary, and more on the application of their understanding 

of trapezoids and their ability to negotiate an interpretation of the task. With the third 

mathematical task the students were asked to negotiate the meaning of a rectangle, work 

with an abstract illustration instead of manipulative materials and use a recording device 
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to solve a complex problem. Additionally the students started this task immediately 

without a prior discussion with me. 

By the end of the third set, therefore, the students’ focus on completing the task 

had shifted. They could not in any simple manner complete the task without thinking it 

through and having multiple conversations about the problem. Completion for the focus 

group included being involved in the process of “doing mathematics” (NCTM, 1989, p. 

7), understanding each other’s interpretation of the problem and ultimately finding a 

solution.  

Recording Devices 

In the first task on replicating Pattern Block designs, the students were not 

required to maintain records of the phrases they used with their partners. By the last 

session of Build What I’ve Created it was still unclear how well their explanations 

worked to support their partner’s successful recreation of the design. Completing the task 

meant finishing it, and the math talk was secondary.  

In the second set, the trapezoid problem, the students were required to make a 

poster that reflected their group’s understanding of the mathematical task. They had to 

work together to create the poster, they had to apply their understandings of composing 

and decomposing shapes as well as maintaining a consistent understanding of a trapezoid 

and finally they had to work for an extended period of time. Their cooperation was 

essential for them to put together the poster. In one group their conversation included a 

discussion questioning how to interpret the mathematical task. It remained unresolved, 
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though, and their poster indicated they had not committed to one interpretation of the 

task. 

Finally in the third set, the rectangle problem, the completion of the task required 

the students to work together and think with each other. The recording devices became 

critical for the students to organize their thoughts and work towards a solution. They 

functioned as a tool to mediate their mathematical understanding (Vygotsky, 1978). The 

level of difficulty was such that they needed to pool their resources to better understand 

the task. The students supported each other’s understandings and through this 

collaboration were able to accomplish a task that may have been possible for only one of 

them (Vygotsky, 1978).  

In this set, each student had multiple opportunities to convince one another that 

his/her interpretation of the problem was accurate. They brought their prior knowledge of 

shapes, composing and decomposing, and skills in working with each other to bear to 

solve the problem. Eventually they added multiple recording devices to their 

mathematical arguments. With the use of these written records they uncovered a 

numerical pattern and were able to solve the problem.  

The Role of the Teacher as a Factor in Student Math Talk 

My role as a teacher changed as I responded to the needs of the students. As I 

provided more consistent opportunities for extended, undisturbed, engagement with the 

mathematical tasks, the students had more to say and found ways to support each other’s 

math talk.  
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Instead of “teaching” the students disparate aspects of geometry, vocabulary for 

example, I offered mathematical tasks that were more open to multiple interpretations 

where the students engaged in explorations that involved geometry. The students became 

immersed in attempting to solve these tasks that they had not experienced before and 

needed to work together to solve. When the tasks changed, their behavior changed as did 

mine.  

In the second set I instituted carpet chats as a way to immediately engage the 

students in talking about mathematics. While engaging in “student think alouds” to 

demonstrate the way to engage in a task, I asked questions that I repeated over the course 

of the discussion. This prompted more students to participate. I also repeated what the 

students said verbatim as well as revoiced their statements to more closely align with 

mathematical vocabulary and terms (O'Connor & Michaels, 1993).  

Additionally, I took a different role. I asked broad questions that brought students 

into the conversation and brokered mathematical arguments between them. In describing 

an illustration, for example, Raymond believed the shape before him was not a trapezoid. 

Instead of indicating that it was a trapezoid, I facilitated others’ comments and 

represented it as working on a mathematical proof, “So one of the things you’re trying to 

prove, one of the things you’re trying to figure out is whether or not this is a trapezoid” 

(12.02.03; lines 233-235).  

In the third set, my role shifted again. Instead of continuing the routine of a carpet 

chat, I sat with the students and showed them the mathematical task and its illustration. 

They immediately started talking about it and trying to solve it. For the most part I left 
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the group to work on their own, but came back at various times to check in, provide 

encouragement and support for them as well as information about recording devices.  

Summary 

This chapter addressed the factors that influenced math talk through an analysis 

of three mathematical, reform-oriented tasks that took place across the Math Club. Each 

task offered the students different avenues to engage in math talk with their peers. The 

first and second tasks took place during the whole Math Club while the last was offered 

when the focus group was assembled. The analysis indicated several factors influenced 

the math talk of the students – the characteristics of the mathematical task, routines of the 

Math Club, space for the whole child, role of the teacher, and students’ engagement with 

the mathematical task.
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CHAPTER 5  SUMMARYAND IMPLICATIONS 

Students engaged in talking about mathematics have always had a special appeal 

for me as a teacher. In the many teaching years, I have had glimpses of math talk as 

students shared how they addressed a mathematical task, expressed their initial hesitation 

about a task and, excitedly talked about the mathematical strategies they used to find a 

solution. One of these times occurred when I was a new teacher. The students and I used 

various sizes of circles and compared the circumferences to the diameters. As we posted 

the findings from the mathematical task, the students began to see what the chart revealed 

and through math talk found their way toward approaching an understanding of pi. The 

students’ work with pi had been procedural, but through this mathematical engagement 

they had a better understanding and our math talk was rich and vibrant. Understanding 

this shift from an exercise in a textbook to math talk in which the students discussed their 

mathematical understandings as they engaged in inquiry was a pivotal moment in my 

teaching career. 

I often sought to use mathematical tasks in my classroom over the years to create 

experiences that would truly involve students in math talk to support their understanding 

of mathematics. However, encouraging this talk was much more complicated than it 

appeared and I realized there were many aspects of mathematical engagements and the 

environment that fostered communication in mathematics. To this end I developed this 

study to look at students’ math talk and the context within which this talk took place. In 
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this chapter I summarize this teacher research study, describe the findings, discuss 

implications and offer recommendations for further research. 

Summary of the Study 

The purpose of this qualitative study was to explore the math talk of fourth and 

fifth grade students as they engaged in reform-oriented mathematical tasks. Two 

questions guided the study: 1) What processes did students use to facilitate their talk 

about mathematics? and 2) What are the factors in the classroom environment that 

influenced students’ math talk? 

Two theoretical frames support this study, the emergent perspective (Cobb & 

Bauersfeld, 1995) and sociocultural theory (Vygotsky, 1978). The emergent perspective 

is a coordination of two views of a classroom, that of the interactionist and the radical 

constructivist. The symbolic interactionist perspective suggests that meaning is developed 

out of interaction and interpretation (Blumer, 1969). In this view, the cultural and the 

social dimensions of the environment are essential to the learning of mathematics (Voigt, 

1995). Von Glasersfeld (1995) maintains that knowing in the constructivist theory takes 

place as students participate in the experiential world. Knowledge resides within the 

knower; however, language allows interactions with the teacher and therefore the 

student’s cognitive construction is guided and constrained by this interaction. The 

coordination of the two acknowledges both views. When the observer focuses on the 

individual, the social processes recede into the background and vice versa. A change in 

one precipitates a change in the other.  
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The sociocultural theory is the other frame that supported this research. Vygotsky 

(1978) suggests that learning and understanding are essentially social and cultural 

activities. Learning is supported by the engagement of students with more capable peers 

or adults as they work together in solving complex problems and learning new concepts 

(Moll, 1990). As more experienced members bring the less experienced members into the 

community of practice through legitimate peripheral participation, the community 

benefits as a whole and the new members receive full membership (Lave & Wenger, 

1991). 

These two theories framed this qualitative study in an after school Math Club at 

an urban school in Tucson, Arizona from the middle of October 2003 until the middle of 

February 2004 for a total of 27 sessions. This Title 1school had approximately 96% of the 

student population eligible for free or reduced lunch, with a mobility rate of 58%. The 

school had approximately 370 students at the time of the study with two or three classes 

per grade level from kindergarten to fifth. The population was 90% Hispanic, 3% Native 

American, 3% Caucasian, 3% African American, and less than 1% Asian/Pacific 

Islander. The Math Club was representative of the population at this school with 17 

Hispanic students, one African American student, and two Native American students.   

The context of the study was an after school Math Club that was held twice a 

week for one to one and a half hours. I was the teacher of the Math Club and this club 

was part of the Twenty-first Century Learning Community Program that provided sports 

activities and academic classes. Ten girls and ten boys from fourth and fifth grades 

participated in the club. Three fifth grade students, two boys and one girl, continued with 
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a focus group during the spring semester. While 50% of the students in the club listed 

Spanish as the primary language spoken at home on their school registration cards, only 

three were classified as English Language Learners by the school district. 

The mathematical tasks for the club were related to geometry, because this strand 

was often minimally taught through the curriculum of the school. I chose mathematical 

tasks based on reading research literature and professional journals as well as from 

discussions with professors and co-workers. I made decisions on which tasks to use that 

reflected students’ needs as the club progressed. Some mathematical tasks were dropped 

completely while others were expanded for multiple sessions. The mathematical tasks of 

the club provided the students with access to concrete materials, such as Pattern Blocks, 

as well as opportunities for multiple discussions to share their mathematical 

understandings with their peers. The tasks generally took between one to three Math Club 

sessions. The tasks chosen reflected the reforms as suggested by the Standards (NCTM, 

2000).  

Each session was structured similarly whereby the students checked in, received a 

snack and began the session with their peers in casual conversations. Following the snack 

the whole group participated in a discussion that I led or facilitated about the mathematics 

of the task. If the task was in progress from a previous session, we discussed strategies 

that helped solve the problem posed by the task. 

Data collection took place during each of the 27 Math Club sessions from 

October 2003 through February 2004. Primary sources of data were transcriptions of the 
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audiotapes and videotapes, my teaching journal and student artifacts. Secondary sources 

were notes from the professional literature and discussions were peer debriefers.  

Analysis occurred using the constant comparative method (Glaser & Strauss, 

1967). Using this method I read and reread the transcripts and coded for general trends in 

the data. Through this recursive process, themes emerged that developed into categories. 

As I reflected on the categories I used the written transcript excerpts to determine if the 

data supported the categories. Ultimately the data revealed the processes the students 

used in their math talk and the contextual factors that influenced their talk. 

I triangulated the data through the use of multiple data sources and looked at how 

the categories emerged through tables and charts. Further I developed a presentation for a 

national conference and took the opinions of the audience into consideration. 

Additionally I conferred with peer debriefers throughout the study. 

Summary of Findings 

In answer to the first research question, “What processes did students use to 

facilitate their talk about mathematics?,” four categories emerged from the data: 1) Visual 

Cues; 2) Connecting the Language to Mathematical Concepts; 3) Creating Openings for 

Peer Understanding of Mathematics; and 4) Negotiating Multiple Interpretations. 

Although these categories appear separately for this analysis, they reflect various 

perspectives of the same data. 

The students’ use of visual cues facilitated their math talk through gestures and 

recording devices. As the students worked on mathematical tasks, they found ways to 

communicate with their peers through gestures. From the beginning of the club, students 
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used gestures in support of their conversations as they replaced the names of shapes or 

indicated the location of a shape within a geometric design. They were used as a tool to 

support mathematical arguments as the student demonstrated an informal measurement 

with outstretched fingers or a portrayed how a rectangle could be composed or 

decomposed of squares on an illustration.  

Recording devices, posters and charts also supported the students’ math talk in 

that they provided a visual display that was used as students talked about their 

mathematical understandings. Representations on paper, often triangle grids, provided a 

permanent record of the small group’s collaborative efforts in creating collections of 

unique shapes. Initially students did not use these devices to understand the mathematics 

of congruency. However, these representations became pivotal as they supported the 

students in a combinatorial problem that required a sophisticated system for keeping track 

of the solutions.  

The process of connecting the language to mathematical concepts supported the 

students through their use of everyday language as they developed more precise 

mathematical vocabulary and language. The students used their own words to describe 

shapes and the positions of the shape and in this way they were able to fully engage in 

math talk. When students paired their everyday language with gestures they were 

successfully able to coach each other into a deeper engagement in the mathematical task. 

Their ability to use everyday language was their strength as they supported one another in 

developing mathematical understandings. 
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The students used the process of creating openings for peer understandings of 

mathematics when they created space in their conversations for other students to 

participate through questions. Students asked each other how to participate in the 

mathematical tasks or to clarify a point in their conversation. Additionally, students 

created openings through what I have called “invitations.” Invitations were comments 

that students made aloud to which another student responded as if asked a question. As 

students worked on the mathematical tasks there were extended periods of silence, as 

indicated by both the video and audiotapes. It appeared they also spoke to themselves, 

occasionally making a comment. Sacks, Schegloff and Jefferson (1974) described turn-

taking as central to conversations. At times the comment seemed to be an invitation for a 

conversation to begin and students responded.  

Math talk was also facilitated through the process of negotiating multiple 

interpretations. Mathematical educators have addressed the importance of negotiating 

mathematical understandings through mathematical talk between children (Ball, 1991; 

Cobb & Yackel, 1996; Lampert, 1990). The students in this study engaged in 

mathematical discussions as they constructed meaning of the mathematics of congruency, 

composing and decomposing shapes and combinations. Through the process of math talk, 

students learned how to disagree mathematically, uncovered different interpretations of 

the mathematical task and collaborated with each other to find a solution on which they 

agreed. The students approached the use of argumentation as they offered their rationales 

for the solutions they chose (Wood, 1999). In the Math Club we attempted to establish 

sociomathematical norms, a set of standards that went beyond social conduct and 
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addressed what they negotiated as mathematically different, sophisticated, efficient and 

elegant (Yackel & Cobb, 1996). 

The processes the students used to facilitate their talk about mathematics were 

varied and successful. They were able to use the resources they brought to the club and 

developed in the club to engage in math talk with their peers and me. The visual cues 

allowed them to participate immediately. While they did not have a strong mathematical 

language, they brought their skills in communicating to the conversations. Through 

gestures and visual representations of their approaches to mathematical solutions, they 

engaged in conversations that helped them become more articulate about what they knew. 

The interactions with their peers also provided opportunities for them to use processes to 

facilitate their math talk. They asked questions and engaged in extended conversations of 

long periods of time. While it might have appeared that a conversation had ended, 

because of the nature of sometimes working quietly on mathematical tasks and then 

making a comment, the “invitation” was cast and conversation began anew. Finally, the 

students used the process of negotiation to support their math talk. All of them had 

suggestions for how to solve problems mathematically, however, they had to negotiate 

and convince others within their small group that what was suggested would “count” as 

mathematically significant. While these processes were separated for this analysis, in 

reality, they worked in conjunction with each other to provide the possibility for math 

talk in the Math Club. 

The second research question, “What are the factors in the classroom 

environment that influenced students’ math talk?” was examined across three 
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mathematical tasks that took place over the course of the Math Club and its ensuing focus 

group. In the first task, the students described geometric designs for their partner to build 

without the benefit of having seen it. In the second task, the students built at least one 

trapezoid with different numbers of Pattern Blocks from 1 to 16. The focus group 

addressed the third mathematical task, a complex mathematical task involving 

combinations where students counted the number of rectangles that appeared in a long 

rectangle made of 15 squares in a row.  

The findings from the data indicated that five factors influenced the students’ 

math talk across the Math Club environment: 1) Characteristics of the Mathematical 

Tasks; 2) Routines of the Math Club; 3) Space for the Whole Child; 4) Role of the 

Teacher; and 5) Students’ Engagement with the Task. This section describes how the 

factors interacted within these mathematical tasks. 

The Characteristics of the Mathematical Task refers to the expectations imposed 

by the task regarding the students’ prior mathematical knowledge, their mathematical 

language skills, the interactions with the task and the frame of the task. The mathematical 

tasks that I chose for the Math Club were aligned with the reforms as indicated by the 

Standards (NCTM, 2000). The implication from my view as a teacher was that they were 

ready to use. However, while not always explicitly stated, each task required specific 

understandings to be in place to address the tasks successfully.  

The tasks were built on students’ mathematical knowledge that shapes have 

characteristics and can be identified through their attributes. The students were expected 

to use their spatial skills to isolate the attributes and rely on them to create and locate 
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shapes in geometric designs of Pattern Blocks. Further, it was anticipated that students 

would be able to compose and decompose shapes as they combined shapes to make larger 

models, as well as took apart larger shapes into their smaller components. Finally, 

students were expected to have multiple strategies to record solutions to the problems 

posed through the mathematical tasks. 

The tasks had specific requirements regarding mathematical language. 

Mathematical language was used in verbal and written directions. They appeared 

ambiguous to the students. The students were expected to understand how to 

disambiguate them as well as to use precise language to describe their problem solving 

strategies. The tasks also called for students to use mathematical language to negotiate 

with their peers to find common solutions and present the solutions publicly.  

The mathematical tasks required that students have the skills to interact within 

their small group in a problem solving mathematical context and have a disposition of a 

mathematical problem solver (NCTM, 1989). This required an ability to talk about the 

mathematical concepts as they developed personal and working relationships with their 

peers. Interactions were to be negotiated as they worked towards understanding each 

other’s interpretations of the mathematical task. 

Finally, the students were expected to frame the tasks as problems to be solved, 

instead of routine problems to be answered with a single, correct answer. This required 

the students to shift their perception of the task as well as acknowledge their 

responsibility for engaging in the process of doing mathematics.  
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The mathematical tasks provided one aspect of the context for the math talk 

around which the students’ conversations revolved. However, the tasks required 

mathematical knowledge and language that the students were still in the process of 

developing, a willingness and ability to interact with each other and the disposition of a 

mathematical problem solver mathematical problem solver who engages in multiple 

interpretations. These were complex undertakings for the members of the Math Club.  

Routines of the Math Club were factors that influenced the math talk through the 

structures set in place to provide a predictable environment for the students. Initially the 

club had many structures in place to address the students’ use of the room, behavioral 

expectations and treatment of peers as they shared their ideas and thoughts about the 

tasks. These were not negotiated with the students and they were consistent with the 

established expectations of the students during the regular school day. The mathematical 

discussions that took place were typical of traditional classroom interactions of the 

initiation-response-evaluation type (Mehan, 1982). Although I invited students to 

participate in the mathematical discussions, the student responses were limited. In the 

small groups, the reform-oriented tasks were more tightly controlled through the 

behavioral expectations. 

Through an analysis of the students’ talk in several of the tasks, the data indicated 

the establishment of a different set of structures that appeared to encourage the students 

to engage in more math talk. A seating chart was abandoned and a less rigid behavior 

system was in place. The students monitored their own behavior and often respected the 
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boundaries placed on the video and audio equipment. The Math Club environment 

became more conducive to math talk.  

A structure that evolved during this time and supported extended math talk was 

the “carpet chats.” During carpet chats the students and I sat in an open area on the carpet 

and discussed strategies they used to approach and solve the mathematical tasks. The 

discussions included how the small groups addressed social and mathematical differences 

of opinion as they developed multiple interpretations of the mathematical tasks. Finally, 

and perhaps most importantly, the students used the carpet chats to voice more personal 

aspects of their lives at the school and home. In providing this time and place the students 

appeared to engage longer in discussions about the mathematics. In the small groups, the 

recorded data also indicated that math talk included negotiations of the interpretations of 

mathematical tasks that were related to what had been discussed on the carpet as well as 

argumentation.  

Space for the Whole Child is a factor that influenced the math talk of the students 

as they brought attention to themselves and their personal lives, built relationships to each 

other, and built relationships with me. In essence this was portrayed through a sense of 

community in the club, which was not a strong feature of the club initially. Regardless of 

the mathematical task in place during the club’s session, students demanded that others 

listen to them as a person.  

The students used the time as they ate snacks to talk about their days with peers. 

These conversations continued during small group mathematical task time as they 

fostered collaborative relationships. In the video group, in particular, students talked 
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about their home lives and discussed personal issues. Community and a sense of 

belonging were developed in the club over time.  

Routman (2003) suggested that teachers build a sense of community from the first 

day of school. In the Math Club, space for the child and an ensuing sense of belonging 

occurred when we began to have carpet chats. Whereas the students had been previously 

engaged in personal conversations with each other, I had limited those exchanges with 

me. Through the carpet chats all of us were more likely to exchange personal stories and 

connections within the context of the discussion about a mathematical task. Yackel 

(1995) contended the “relationship between the quality of an explanation and the social 

situation in which it is developed is reflexive” (p. 133). 

 The school community, whether an after school club or a regular classroom, 

influences the overall well being of the student (Mendler, 2001). As the community 

develops students take time to establish who they are in relation to the rest of the 

students. Within this space they connect with their peers and develop a mathematical 

identity, risking participation in non-routine mathematical tasks and participating in math 

talk. 

Role of the Teacher influenced the math talk with the students, either by closely 

structuring that talk through more traditional interactions or in support of the students 

through revoicing (O'Connor & Michaels, 1996), an interaction that shifted the way 

students and I participated in classroom discussions. This interaction worked to support 

those students whose first language was not English, as well as met my agenda to 

introduce more precise mathematical language into the club discussions.  
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Later in the club, as I gradually came to know the students better, I was more 

attuned to their academic and personal needs and addressed them more directly. I sat with 

students for extended periods of time and altered the mathematical task to make them 

more accessible for everyone. 

Finally, I used the context of the mathematical task to specifically teach a skill the 

students could use to support their engagement. In the mathematical task, How many 

rectangles? I addressed the students’ lack of experience with recording devices to 

represent their understandings of combinations in different ways (DeGuire, 1991; NCTM, 

2000). By working with the students in the context of the task, I believe, they saw the 

recording devices as a critical part of finding the solution to this complex problem.  

The last factor that emerged from this data was the Students’ Engagement with 

the Mathematical Task and the extent to which they participated in the task. Initially 

students were more spectators as they watched fellow students model the tasks and 

related discussions. In the first task the students spoke with each other about the task and 

the multiple ways of interpreting it. When I maintained the cognitive load of the task, 

they had more opportunities to engage in math talk (Stein et al., 1996). Additionally the 

students’ participation in the carpet chats increased their later engagement with the task. 

An animated thirty-minute discussion about whether or not a shape that had been placed 

before them was a trapezoid occurred in one club session. With most members 

participating in the math talk, the students were eager to attempt the mathematical task.  

As the students became more and more interested in the mathematical tasks and 

understood how to engage in them, they had more involved math talk. The talk changed 
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from discussions about shapes to animated discussions on the multiple interpretations of 

the tasks. Student negotiating multiple interpretations encouraged long conversations of 

math talk.  

The classroom environment is strongly influenced by each factor — the 

mathematical task, the routines, space for the whole child, the teacher’s role and 

ultimately the students’ engagement with the task. With any factor dominating the scene, 

the math talk will be limited and the students’ mathematical understandings are restricted. 

When the mathematical tasks were new to the students and they did not understand how 

to engage in them, they treated them as assignments to complete and they were 

ineffective in working through these tasks. The routines of the club were rigid in the 

beginning and more relaxed towards the end. I realized once the students had found their 

space as a whole child and felt connected to the club, their behavior changed and they 

were more interested in working with each other and participating as a mathematics 

community. My role as a teacher changed to include being a participant. Finally, 

students’ engagement with the task became a powerful influence for math talk. As they 

became more invested in the problem solving process, and less focused on the completion 

of the task in a specific way, their math talk blossomed. They engaged in mathematical 

arguments with each other and perhaps took pride in the fact that they could be full 

members of the mathematics community that was the Math Club.  

Implications of this Study 

The implications for this teacher research study were derived from the insights I 

have gained as I planned, implemented and reflected on this experience through the 
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multiple lenses of a teacher researcher. This dissertation has allowed me to address the 

complexities of a creating a mathematical environment that supported math talk by 

exploring the processes students used to facilitate their talk and the contextual factors that 

influenced this talk.  

The findings in this study, though confined to this particular setting and context 

of implementing reform-oriented mathematical tasks, may support teachers and teacher 

educators as they challenge the notion of talking mathematically in the classroom, 

encourage other teachers to pursue research in their own classrooms, and provide ideas 

for future research in mathematics education.  

Specifically, my implications fall into two broad categories that relate to what I 

have learned about establishing a community of practice around mathematics (Lave & 

Wenger, 1991; Vygotsky, 1978) and my understandings of teacher research as 

professional development (Cochran-Smith & Lytle, 1993). 

I suggest that the Math Club was a community of practice where the students 

learned from each other and built on each other’s understandings through math talk (Lave 

& Wenger, 1991). In pairs and small groups, students worked within their zone of 

proximal development as they bridged their personal mathematical understandings with 

those of their peers (Vygotsky, 1978). Students brought their different strengths as fourth 

and fifth graders as they made sense of the mathematical concepts upon which the tasks 

were based.  

Lave and Wenger (1991) contend learning is situated within a community of 

practice where old-timers bring in newcomers as they address “activities, identities, 
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artifacts, and communities of knowledge and practice” (p. 29). While it seemed that there 

were students whose skills were stronger in geometry, regardless of their grade, every 

student offered resources to support the groups’ discussions. The club did not have old-

timers and newcomers per se, and no student was considered in the periphery. There 

existed an ever-changing group of students who flexibly supported each other’s 

mathematical understandings through multiple processes of visual cues, connecting 

language to mathematical concepts, creating openings for peer understandings of 

mathematics and negotiating multiple interpretations.  

As I looked at the processes the students engaged in to facilitate their math talk 

and the environment within this talk took place, I recognized differences in my role as a 

teacher across the club. These understandings emerged as I thought about what I had 

learned through this research. From this perspective, therefore, I turn to the 

understandings I believe can facilitate math talk in a classroom.  

Role of the Teacher 

To support the math talk of the students in the club I had to re-conceptualize my 

role and felt a tension as I negotiated a change in my practice. The tension I felt in the 

process of creating a community of practice for students to participate in math talk was 

not anticipated because I had taught previously for many years and offered professional 

development about these same issues. However, that being said, mathematics education 

research supports the challenge teachers find as they make this transition to classrooms 

based on the reform initiatives (Ball, 1996; Fennema & Nelson, 1997; NCTM, 2000; 

Schifter, 1998, 1996). It is through this lens that I offer these implications. 
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As I looked across the mathematical tasks and the students’ participation, I 

realized my role had changed. I had shifted from telling students how to approach a 

problem to a more subtle form of support. When I believed a particular session was 

floundering, I would step in and “teach by telling.” I would both offer more support than 

needed and stop small group work to redirect them. There came a point, however, when 

through a more focused reflection on my role, I realized I had begun to function 

differently. I took a different perspective on the club and focused on the purpose of 

fostering math talk.  

I would offer that to provide a context for the strongest support of math talk, one 

needs the perspective of one’s role as a teacher and a broader lens of the context as a 

whole. By my focused effort on enriching the context of the club and my role, the 

students experienced mathematical tasks as situated in a community of practice.  

I have learned about the strength in creating this rich context to develop math talk 

through three aspects of my role as a teacher. The first aspect considers developing ways 

for students to fully participate in the mathematical tasks through teacher moves that I 

call participation structures. The second aspect on my role as a teacher reflects on the 

careful selection of mathematical tasks that allow for multiple interpretations, and the 

third aspect addresses the role of recording devices within these mathematical tasks. I 

suggest that all three aspects in conjunction with each other changed my practice and may 

be considered as implications for other teachers to consider in their classrooms. 
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Participation Structures

One of the ways in which my role as a teacher changed was in how I established a 

context to support the students’ participation in the mathematical experiences. 

Participation structures allowed for multiple opportunities for the students to engage in 

meaningful mathematical activity that included explaining their ideas and justifying what 

they were thinking (Yackel, 1995). Through participation structures that I established the 

students negotiated mutual understandings of what constituted an acceptable 

mathematical answer and when these responses were most reasonable to offer in the 

discussions.  

In many whole group sessions it appeared that developing understandings of how 

to participate in mathematical conversations was addressed throughout our discussions. I 

offered multiple demonstrations on how the students might interact with each other, 

because this was an important aspect of the students’ development of their math talk. 

Students’ social interactions, therefore, were negotiated as the students experienced 

listening to other’s responses and coming to understand others’ mathematical opinions as 

a place to reflect on their own understandings. This occurred in both whole group and 

small group discussions and within this context students developed understandings of 

how to function with others through math talk. The math talk acquired a place within the 

social context of the group. 

I realized that establishing this shift in participation for these students represented 

a departure from their regular school day in which their mathematics instruction more 

closely resembled an initiation-response-evaluation interaction with their teacher (Mehan, 



206

1982). The development of their ability to work with others and collaborate with their 

peers was crucial in the club.  

When the social relationships had been established that supported students to 

work cooperatively on the mathematical tasks, students’ negotiations turned towards 

solving the mathematical problems that were offered. While initially they addressed the 

tasks individually, eventually they began to collaborate as a group and the participation 

structures of listening to each other and providing more time for everyone’s voice to be 

heard provided the frame in which this math talk took place. As the students worked 

towards the group goal of solving the mathematical task and presenting publicly, they 

began to collaborate as a small group. While they often adhered to their own 

interpretation of the problem, they also took on the interpretations of the group at large. 

In this way the students established social norms that were negotiated as 

“sociomathematical norms” (Yackel & Cobb, 1996). They represented ways of 

communicating related to the mathematical tasks. As the students developed 

mathematical dispositions, their “taken-as-shared” understandings emerged and their 

mathematical capacity grew (Cobb, 1995). Through participation structures, the students 

had a role in their own education and contributed to the discussions more consistently. 

They acknowledged their role in interpreting the meaning of mathematical tasks, 

questioned each other’s mathematical opinions, made suggestions of what they believed 

would speak to the problem and found ways to negotiate solutions with their peers. I 

suggest that my role of the teacher involved providing open discussions where students 

were expected to offer solutions and participate in argumentation (Wood, 1999).  
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One of the participation structures in which the students were experienced this 

heightened or more intensely negotiated participation included the “carpet chats.” As we 

gathered in a group on the carpet, the students discussed events in their personal lives as 

well as mathematical concepts related to the task for that day. In this participation 

structure, the students were given opportunities to share about their personal lives as well 

as to build their mathematical understandings. It appeared to change the dynamic of the 

Math Club session as a whole. 

In a classroom, a structure similar to carpet chats may be an important aspect of 

creating community. As students discuss what holds personal relevance for them, they 

develop a relationship to others that provides a layer of support that extends to individual 

struggles with mathematics. Yackel (1995) suggests a reflexive relationship exists 

between the personal offering and mathematical explanations indicating that both exist 

within the same conversation.  

Students were more likely to stay with a task and support others if they experience 

math talk within an environment that acknowledges them personally. As students explore 

multiple interpretations of mathematical tasks, instead of one right answer, it is 

imperative that they trust their peers and feel safe to take risks. They become vulnerable 

as they express their tentative understandings. In this study therefore, the structure of the 

carpet chats proved to be vital for the long-term success of the students in the club.  

Many classrooms have routines, both formal and informal, that encourage 

personal reflection, such as journaling and student-led class meetings that take place at 

various times during the day. The carpet chat offers this space within a mathematical 
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setting. In a carpet chat the students share personal stories about their lives and make 

connections to their peers. Within the same conversation, the students also explore their 

initial understandings and interpretations of a mathematical concept. In combining the 

personal conversations and mathematical discussions the students experience an ebb and 

flow of a community engaging in math talk. As they move into their small group 

activities and mathematical tasks they have stronger connections to each other and 

continue the personal and the mathematical conversations in which they have just 

participated. 

In my role as the teacher, I learned how to facilitate these conversations. Students 

supported each other as they worked within the zone of proximal development 

(Vygotsky, 1978). Moll and Whitmore (1993) extended this notion through their 

suggestion of the creation of “collective, interrelated zones of proximal development” 

(p.21) where various zones co-exist in the same environment. The carpet chat may be a 

site of collective zones of proximal development as the students worked closely with 

each other and in changing relationships to each other as they explored mathematical 

concepts. 

Mathematical Tasks

In continuing the discussion of creating communities of practice around 

mathematics, I believe that my role in selecting particular mathematical tasks played an 

important aspect of the Math Club. While it appeared that each mathematical task was 

designed to build geometric understandings, not all worked equally well to encourage 

math talk and support the creation of a mathematical community. It took a careful 
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analysis of the various aspects and expectations inherent in each task before offering 

them to students, and a focus on how they support the context for math talk.  

The mathematical tasks allowed for the students to work within their zone of 

proximal development as students helped each other to develop mutual interpretations of 

the tasks (Vygotsky, 1978). This was within their design as each task provided multiple 

opportunities for students to work individually and within a small group. As I came to use 

the tasks, however, I realized assumptions were made that I had not considered 

previously. It was anticipated that the context for working well with others had already 

been established. Also, the mathematical knowledge and language of the students 

influenced their ability to engage in math talk. As the students brought their resources to 

the Math Club and used gestures and everyday language, their math talk slowly emerged 

in the club (Moschkovich, 2002a, 2003; Roth & Duit, 2003).  

As I tried a variety of tasks I also realized they influenced the math talk through 

their expectations of the kinds of answers that were expected. If the tasks were very 

specific in the answers that were required and were based on vocabulary or procedures, 

the students’ math talk was focused on how to compete the task rather than on the 

mathematical ideas. However, if the tasks followed a constructivist stance (von 

Glasersfeld, 1995), the students shifted from a more traditional paradigm of giving 

answers to acting as decision-makers and owners of their understandings. Students talked 

about their individual understandings and negotiated the multiple ways of interpreting the 

task. Tasks that resembled those suggested by the reform documents (NCTM, 2000) as 
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requiring problem solving and communication appeared to be more significant in 

encouraging math talk.  

Another aspect of the mathematical task that I became aware of was how the 

implementation of the task influenced the math talk. Stein, Smith, Henningsen, and Silver 

(2000) proposed a strong link between students “doing mathematics” and high-level 

student engagement in more cognitively challenging tasks. The cognitive load of the 

mathematical tasks were easily altered to a low-level engagement, or procedural activity, 

by “teaching by telling” or providing a less complex version of the original. I became 

aware of the difficulty of keeping the tasks cognitively challenging.  

Recording Devices

My understanding of recording devices developed as I observed the students’ use 

of them as part of their mathematical tasks. Initially the students wrote to keep track of 

their solutions from one session to the next. However, these devices became a more 

significant aspect of the math talk as students used them as a point of reflection with their 

peers and as a tool for thinking (Vygotsky, 1978).  

As a point for reflection, the students would often refer to the pictures they had 

drawn or glued onto their group’s posters. These posters represented the small group’s 

interpretation of how the mathematical task could be solved. By comparing the posters 

across the groups, the students could see other interpretations of the problem that had 

been posed. The recording devices also indicated to me how the students had interpreted 

the problem. 
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The recording devices were used as a tool for thinking (Vygotsky, 1978) as 

students found it was not possible to keep all of the combinations of shapes in their mind. 

In order to approach a solution the students had a great deal of information that they were 

sorting through. My role as their teacher changed as I guided them in creating t-charts for 

one of the mathematical tasks. Rather than “teach by telling,” we worked together as I 

demonstrated one way to organize their findings.  

However, pressing the students to present at the end of the task had limited value. 

In developing a public poster and the explanations that surrounded it, the students 

believed the presentations represented a conclusion to the task. If we are going to value 

the process of doing mathematics we must honor the process and not focus on the 

product. The work with the posters may have been more generative had they been used 

during each session in a carpet chat where we all could have benefited from each other’s 

understandings. Additionally, the students and I could have had a time line of the 

progress their understandings were taking over time, rather than one frozen frame at just 

one junction in time. 

If I developed a teacher workshop based on this research, the following 

recommendations would be shared as ways to encourage math talk:  

1. Build community in the classroom. It is through a sense of community that

students interact and work with others more powerfully. The context is more 

than the mathematical task; it is the whole classroom environment. Finding 

ways to make the students feel validated and appreciated creates a sense of 
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belonging that enhances their ability and interest in learning and promotes 

self-empowerment and self-efficacy.

2. Choose mathematical tasks carefully. Explore the mathematical tasks from 

the view of the students in your class. Look at the task to determine what 

mathematical knowledge may be expected before offering the task to 

students. Understand the language implications and social skills necessary for 

the students to participate. If the task appears to be too difficult or is not 

engaging students, focus on the math talk rather than on the activity or on 

correct implementation of the task. Realize that this can be a mental trap for 

both the teacher and the student. Teachers want to feel successful and 

traditionally will measure their own success based on how well the students 

apply concepts that were taught. Reform-oriented tasks do not operate from 

the same frame. 

3. Be flexible with the time devoted to mathematics as sense-making takes time. 

Allow yourself to feel uncomfortable with not knowing all the ways to solve a 

problem and to not understanding the student’s solution immediately. Expect 

to be surprised.

4. Explore what counts as math talk with the students. Math talk is more than 

what is spoken. This includes everyday language, gestures, recording devices, 

and other forms of representing the mathematics. It is crucial for teachers to 

accept common and unique ways of communicating mathematical 

understandings. 
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5. Negotiate how to engage in math talk. While math talk may include taking a 

stance and offering solutions with rationales, often it is more tentative. The 

student is attempting to understand an idea and is “putting it on the table” to 

discuss with peers. Teaching students to communicate their understandings 

and interpretations develops and provides opportunities for them to become 

more articulate. Working towards consensus or an agreement to disagree 

amicably is extremely powerful and math talk paves the way for this to occur.

6. Extend the time for interactions you typically allot in the classroom for 

working through mathematical understandings for students whose first 

language is not English. The mathematical skills and intellectual resources all 

students bring to the classroom can be easily lost if not considered a critical 

aspect of the mathematical community. 

7. Collaborate with colleagues to support your analysis of the classroom and the 

math talk. As you turn to peers for professional discussions, you will each in 

turn be supported as you attempt mathematical tasks with your students. 

8. Also, the reality is that while not every teacher will strive to become a teacher 

researcher, each of us can reflect on our practice. If I share what I have 

learned about my students with my colleagues and create a study group with 

colleagues interested in working to create change in their classrooms, I am 

building a professional community. I would expect to find the same positive 

gains in empowerment and self-confidence among my peers, as they will see 

among their students.
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Teacher Research as Professional Development 

My understandings of teacher research have developed more fully through this 

doctoral program. Teacher research has been an important aspect of mathematics 

education as teachers designed learning environments and analyzed the context and 

student mathematical understandings (Ball, 1988; Heaton, 2000; Lampert, 1990). For me 

teacher research has become a form of professional development, not simply a 

methodology or a program of research (Rex, Steadman, & Graciano, (2004). I have been 

fortunate to be enrolled in a university program where by teacher research was valued 

and an integral aspect of qualitative research. What I have learned from engaging in this 

teacher research is more than completion of a program. I have learned how to be a better 

teacher. Through teacher research I have come to understand my practice with an 

insider’s perspective through private reflections and public musings. 

The Insider Perspective

Participation in teacher research takes place across the school day, beyond the 

specific context within which the research questions are addressed. Student and teacher 

interactions are continuous and occur in small, but relevant, ways that impact the 

research. Decisions on how to proceed in a teacher research context, is reflected by these 

multiple interactions.  

In working as a teacher researcher on math talk, I had the perspective of an 

insider (Ball, 2000). This is in contrast to university researchers who may observe and/or 

participate within classrooms, but whose understanding is relegated to an outsider 

perspective. Cobb and Steffe (1983) in their research suggest “researchers must act as 
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teachers” (p. 84) acknowledging the perspective of working with the student is more 

valuable than making assumptions based on educational models of the classroom. As the 

context evolved to support math talk I worked to “blend the construction of practice with 

its analysis” (Ball, 2000, p. 366). 

Professional development in mathematics education includes projects to 

improved teachers’ understandings of mathematics using the reforms suggested by 

NCTM (2000). Saxe, Gearheart and Suad Nasir of the Integrated Mathematics 

Assessment Professional Development Program (2001) claim teachers must be involved 

in opportunities that foster a deep understanding of mathematics. I believe that as my 

students engaged in math talk and developed multiple interpretations of the tasks, my 

mathematical understandings developed to support them mathematically and facilitate 

their discussions. The processes I learned are part of my professional development and 

continue beyond the scope of this study. 

Reflecting Privately

It is very powerful to “know” a particular educational context works when having 

read the theoretical foundations for it. Cochran-Smith and Lytle (1993) refer to teacher 

research as a way of knowing,  

When teachers do research, they draw on interpretive frameworks built from their 
histories and intellectual interests, and because the research practice is embedded 
in practice, the relationship between the knower and known is significantly 
altered (p. 43). 

 

Within this study, I was both teacher and researcher; and the perspectives were 

reflexive. This coordination was one of an insider shifting between looking closely and 
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taking a step back. The first view was from within the classroom and responded to the 

students as I noticed their math talk and interactions with peers. The alternate view, still 

as an insider, allowed me to step away and examine the contextual factors that influenced 

math talk from a slight distance.  

As a teacher researcher my understandings and what I consider significant have 

changed as a result of this study. While I realize that to begin teacher research requires a 

passion for an idea and a desire to see it to completion, it also requires flexibility to alter 

the tasks, the environment, and expectations of how things will proceed. Teacher research 

is a complex, recursive process. 

The study allowed me to think about my work with the students over an extended 

period of time, and the process was difficult. Initially I carefully critiqued and criticized 

this educational context for what I considered my successes and my missteps along the 

way. It took time to focus on my initial research questions that guided the study and what 

had drawn me to the work. This was a private stance for me as I listened to audiotapes, 

watched videos and read my teacher journal entries from the sessions. 

Sparks-Langer and Colton (1991) suggest teachers’ reflection can be organized 

around three elements that include how teachers process information and make decisions, 

the underlying experiences and beliefs that support the thinking, and the ways in which 

teachers interpret events in their classroom. Through the process of teacher research I had 

an opportunity to engage in each of these elements of reflection within the context of the 

Math Club. 
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Over the course of my professional career I have participated in many classes and 

a variety of professional development opportunities. However, they were not as powerful 

and did not impact my understandings as a teacher and mathematics educator in the same 

way. Through this study of the Math Club I came to understand and connect the 

theoretical underpinnings of a constructivist perspective. I have also engaged in practices 

of reform mathematics in my teaching, but the opportunity to analyze my practice 

facilitated much deeper theory to practice connections for me. 

What had previously been theoretical understandings became grounded through 

my experience in the club. Through this analysis I have a more robust understanding of 

how the club became a community of practice around mathematics where students came 

to value each other and the mathematical understandings they shared (Lave & Wenger, 

1991). The zone of proximal development was also strongly portrayed in the club as 

students worked with each other on mathematical tasks and built upon the resources each 

brought to the group (Vygotsky, 1978). Had I only continued to read about the potential 

for math talk the sociocultural theory suggests, my understandings would not have 

deepened.  

Thinking with Other Professionals

In a more public stance I talked with colleagues about my perceptions and 

interpretations of the club. In discussing my reflections with my committee I selected 

aspects of the club that puzzled me. Through their guidance and suggestions of research 

literature I was able to think and discuss the issues more clearly. 
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Through a presentation at a national conference I was able to get feedback on my 

initial attempts to analyze the data. Having other professionals with whom to share my 

work provided the audience I needed to move ahead. 

Through the perspective of an insider I used private and public stances to engage 

in teacher research on math talk for an extended period of time. Through this experience I 

believe that as teachers embark in teacher research and examine their practice 

reflectively, the process functions as professional development. I would encourage 

several teacher researchers to work simultaneously and to regularly interact with each 

other to process what they are doing as their studies evolve. How much more powerful 

this would have been for me if there were other teachers in my local school or a cyber-

community to discuss this with each other through a study group (Birchak et al., 1998). 

Recommendations for Future Research 

This study focused on one group of intermediate grade students in an urban 

setting with bilingual students. As the teacher researcher, I chose the mathematical tasks. 

Further research might offer added insight to the processes that influence math talk if the 

decisions and context are co-created with the students. 

Other questions to consider in future research include: 

1. What is the role of speaking in one’s own language to developing 

communities of math talk with others who do not share the same language?  

2. How do teachers who are monolingual English speakers support English 

Language Learners as they engage in mathematical tasks in their primary 

language?  
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3. In what ways can teacher research more strongly influence and inform 

educational practices in mathematics? 

4. How do students who participate in rich problem solving, talk-filled learning 

environment fare in mathematical communities as they progress through their 

education?   

5. What are the effects of these types of math talk on mathematical 

understandings? 

For future research, I would be particularly interested in pairs of teachers working 

collaboratively; perhaps one would be the classroom teacher and the other a curriculum 

specialist supporting that teacher. A community of at least two focused individuals from 

different perspectives on the research may offer insights to a broader community. 

Conclusion 

Teacher research is a powerful tool to become reflective of one’s practice and 

ultimately a stronger member of the educational community. As teacher research 

becomes part of teachers’ lives, the significant personal and professional growth that 

develops through this endeavor will change the face of professional development.  

 Communities of practice around mathematics will occur if we create 

environments that support students’ math talk and understandings. Within these contexts 

students’ engagement in mathematics will become deeper and they will find more 

avenues to discuss their understandings. The communication and problem solving skills 

that students develop will serve them 
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 well as they take on leadership roles in future grades and as contributing 

members of society. 
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APPENDIX A: ILLUSTRATIONS OF PATTERN BLOCKS 

(adapted from Adams et al., 1996) 
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APPENDIX B: BUILD WHAT I’VE CREATED 
Name ____________________ 

Build What I’ve Created 
 

1. Put your notebook up to hide the design you are going to make with 
Pattern Blocks. 

 
2. Make a design with 6 Pattern Blocks. Be sure that no blocks are on top 

of each other. 
 

3. Describe the design to your partner. Use words that will help your 
partner make your design. 

 
4. When your partner is finished, compare your design to the one your 

partner built. 
 

5. How successful were you and your partner? Did your partner’s design 
look like yours? If not, why? What could you have said to make your 
descriptions more helpful? 

 
6. Now it is your turn! Have your partner describe a design so you can 

make it. 
 

7. How did you do? 
 

(adapted from Gavin et al., 2001) 
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APPENDIX C: CAN YOU DRAW FOUR-SIDED FIGURES? 
 

Name ____________________ 
 
1.  How many ways can you make a four-sided figure, a quadrilateral, by 
putting different blocks together? 
 
You may use 2 or more Pattern Blocks for each quadrilateral. 
 
Here is an example:  
 

2. Build quadrilaterals with Pattern Blocks.  
 
3. Use the triangle paper to record your shapes.   
 

What are the names for the four-sided figures you made?  
Which ones are the same size and shape? How can you tell? 
 

(adapted from Adams et al., 1996) 

Parallelogram
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APPENDIX D: TRAPEZOIDS 1-16 
Name _________________________ 
December 2, 2003 
Math Club 
 
Can you make a trapezoid with any number of Pattern Blocks from 1 to 16? 
 

• Work with your group to build trapezoids with different numbers of 
blocks. 

 
• Find a way to share the task. Be sure your group can find at least one 

trapezoid made with each number of blocks from 1 to 16. 
 

• Use triangle paper to record your trapezoids. 
 

• Be prepared to talk about the strategies you used to find your 
solutions. 

 

(adapted from Adams et al., 1996) 
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APPENDIX E: HEXIAMONDS 
 

Name _________________________ 
November 18, 2003 
Math Club 
 

A Hexiamond is a shape that can be made with 6 green Pattern Block 
triangles. How many different hexiamonds can you make? 
 

• With your group, make as many different hexiamonds as you can. 
 

• Each hexiamond must contain 6 green triangles. 
 

• At least 1 side of each triangle must completely touch 1 side of 
another triangle. 

 

Not okay 
 Okay Not okay 
 

• All of your hexiamonds must be different. 
 

• Record each hexiamond on green triangle paper and cut it out. Put 
them on a chart to make a poster. 

 
• Be ready to explain why you think you have found all the different 

hexiamonds that can be made. 
 

(adapted from Adams et al., 1996) 
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APPENDIX F: POLYGONS 
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APPENDIX G: LEARNING ABOUT LINES 
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